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SRS 59 o1 T Tk @19) 7, 3ifg SR THe Seor §1 e
T 1 01 STl o SN o THE 1 Bl § Tk 310] 1 7El| Sl 9
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e ¥ e § Wl B1 9%, Sl qo1 o § ifeen o7 fa-fie
Bt E1 A T Tareenst # ot 1 qEEfE Weed H,0 & Wl 81 5
T T STIrENE o YOI STel oF STURH ohi Sell A 9ok T | T
BH & ¥R R fRk W 2| 7 o qeiel o forg off e @)
forelt ured o Tl o SEent Hfde seeen uREfda g
¥ Rtafda =&l e €, W TEEten SIffma ot 5 i seeen W
el et 1 Hefi-peft wERT o SfieRSl T UM I HEI 55T
e o T 1 ATl Bl €1 37 TEred i i srarwensti
i sheerel ifcer el ol ST Toh TEERR o foTe ST el
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5.1 TaT-3MMTUaeh ot
SR ARI U (AW ol A[sT) o 7
YT 3R GGy Sl o * SHAU-3Tverh o’ hed
21 39 T 1 qd < foadia e e o He
I I T A1 SH I § S 9] H WA Fi om
T 7, e R

SRT-3Mfeeh SMHHU-Tel ! ST TeTaed
(1837-1923) o WA | “aistared o1’ %Ed 2|
Sletered 7 ey SHaeR ¥ ardfas i o foreer
H 3T dl o g HHeA, fSHHT erE 'W T™
A H AWM H| qeaed Fdl ok gRmr o
fafau et 21 56eh Siaia eied o, fgya o qen
IRa fgya oo o ¥ Tw foaEiY ged WER
foya-Toya o= fifan TEgeH avr 21 Shael D
310y &t TTegie e fmtor ¥ 9w & "R ) s
T YR Hort § T T #1359 S R o R
o eq qd § whe 4 0 da gk 2

Tl A 3 AT qe 98 B TR U S qen
& fgyd o 7ea ey a9, 5% emm-faya s’
el a1 7, ‘aietancd 9d’ @l 2| o™ 'y fafqe
YR o dietacd dal 1 FIT H3|

5.1. 1 UehUH AT 3TIAT IS oieT

TH] qe FYAT U] oFd HHihd e &1 3
feya el & g 8, Wi T ot e
1y T w9 ¥ faaka @ €, Wy S et
o1 oupstt ¥ off fgya fifa w9 o 300 foean =0
Tehal €| 39 39 WehR WHA W1 Tehal &1 1 TR
AT A 991 B Th-SWR o qHq € (fod 5.1 &)1
T B Hehal € T I TH WA A A Ao
w9 § FEAMHA ¥ WU, A ST AY Th 3R
sifes &1 ST (T 5.1 @ T 1), @ SHehl gRom
g g1 € foF A e ¥ o wHa & fau dwefors
foya S B I B FE STeUehlieieh  drceiioreh
f5ya o= WA B, (S 39k fke ©) o ol
T i foefid T 31 21 IROmAEEY WA B H
oRa fgee St & S 2

T, A q91 B & Sl fgyd Tm-gR
AR FId 1 TH FRR 1 YA fgea oropeti o «ft
I TR ST Gehal 81 T YHR o STRYOT oA
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TeERIAE 2ae @1y F1 gafd fgarm
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WﬂlAﬂT‘r&ﬂﬁT&“ WB‘Q‘&H
foud =¥ o serR

g7 s 2
(@)

nmrtr}Aarream WﬂT‘{[B‘JﬁH
faua

cﬁf%ﬁ?ql )

farT 5.1

Teelt IR A sfifes fame fhes ded 4 wwfad
foram et RO Q4 STRrht fgya o o9 % TR
%! TS o HEl Sl 81 3@ g & Th I M
WHIU &cT 21 39 YN oh el UM ATERYUT oIt Bl
& qe q SAARRAEE HU o qed H g ok DS
A oh FGRAMIRT (1A 1/r6, &I r & HUN ok
77 3) e €1 F 9 had o 3 (~500 pm) qF
& wewayul i €1 ST URATT il 1 gaa | sk
YT &1 W wUl W YeRio Sl SuTkyd w@d B

5.1.2 fgya-fgga a1

TRt fgya @qame st & W fgya-foya s«
%1 # 21 fgya o fR ‘ enferen e’ W@ €1 3%
e 18R el (6) W Wi feman Stram 21 ¢ svifyren
O’ Hd ThTE TR e STET (1.6 x 107°C) ¥
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%W Bl | e 370] Freheadt ofu) @ e fman
Yl Bl o 5.2 () TESNH wARES o fgyd o
s 31y faawor &1 @ o 5.2 (W) = HCl
et o Ae fgya-feya o= foranm =1 w=RW
A B T8 AT Tha SFH-ST Y gl W gaiat
Bl €, Fifen SO shat AT &9 € W o §
5y & 77 T Je ¥ I SHYU T Fed W T
Tl ot swe feafd 1 & W AR w1 i
yfera erujeti oF AeA g o F[ehuI! Bt 81 fer
yferd et (- Sl o) o WA SRl i
Sl 1/r° o a1 =0 gfod STU[eH o A 1/ro%h
THMAE Bt ©, S8l r gt S1ush % wed w1 gl 2
Yol 310] e defl oh g1 ot 3= foha Y wehd
&, foger afferd g = g @ for ydta et &
Tl V- Aok et 9g S B

ol )

i

FEIA i &R AT

(=)

S HT
& & & &

()
fer7 5.2: (%) qwga?wagiézﬁﬁagﬁ%waﬁwwﬁmw
(@) 3T HCL 37937 & 77 fGya-Taya ST foha

5.1.3 fgga-ufa fgga ==

39 YRR o ARY 9, Tl fgad werere et
Supet e Tt fgya @l W@Herel STust o Hed
T B B T fgye TEraren S SEd Seie
3] o Tolaeieh 319 ! fagd wieh fgya IR &
1 B 39 YRR 31 0] H Ui fgee S © S
21 5@ feufq o off eepdv 1/75 o1 o WA Bl
®, ST r & eruge & A 1 g 21 Ufka fgya e,
ol fgya o fgya ool qen fompq SSA o1o] o
yerdl W 99 hedl B1 Teheh 4 H €H 98 UG ok © TR
€ TR ok STV hl M § Yfaa fohan ST wehar
B S=9 yAuierar SeRu Sl w1 gmed § gig st
21 39 fearfg o oft yepiole welt den fgya-ufa fgya
== T (Interaction) ED H’ﬁﬂ?‘f YHTT bl
arfte B 21

‘>
wnﬂ Afed A7
(s fem 1)
R E—— T
& , & 6‘] &
-vmlw T
(T yferd 317])
forT 5.3 Tt fya a9 9Ra feya s=n—= fohar
5.1.4 BIZSISH ITSEr

T Tha 4 H € 98 9@ g & (S @E 5.1 g9
™ ?) e feye-faya o= feen #Y ww faww
fearfa 21 egioT eEy 39 SRt o fierr €, fw
3Ifd ga N—H, O—H 3121891 H—F 3Ty 3ufeerd g
21 T EEeeH SEe N, O 91 F deh &1 |ifhd gl
2, T C1 59 TH1] i eTEge SMeeH § 9 o 8
TIESISM 3TEY &1 Soit 10 ¥ 100kJ mol—! & T
Bl B UE UH WeEH uEl W oSel el Bl S:
arferereR TRl (ST WA qen facth 3TT)
HT G qA N o HURo | BRI oTeY Uk
TewIqul oIt 1 Teh 319] o Fageerofl WA e W
310 F ¥ ST TIESIS UAIY] oF HEd STRY0 9a
BN BESSH aTay 1 wmed i Bidt 21 e fean
o fod STESiSH STeY o T i TR i B

o+ o-— o+ O-—

H-F.--H-F

FHaU-anfoaes oet, foreht sare sl &1 T 2,
SRV I BId B1 IS o HeA TH-T % Ufd
wfaerdur ot B 1 59« S TH-GW o T §
T B, d S AUt % geEF @19 (Cloud) & HeA
eI T TSt o ATeRi oF Hed Yiaehyul Scqe g
1 < YR TuEh o Hed 1 g S ¥ gl
1 GO 91 S 21 FET FHRO € R 59 v 3 6
Tfifed #x *wfe 21 o feafedi & oy @ A &
Th-TR & ke Gueh § e 21 or@: A g gl
1 foiY HTd &1 Horeasy Wiaehuur = fwan o
gfg et 2
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5.2 ST Sl

T q1ed o ST A WAL F A F HROT S
Foll Scqd Bt B1 8 g1l ok 19 o GH Bl 2|
To o HUN i ST TS Sl a1 HIT BH o HROT
g Il o T o foIT STREEN et 81wl % 3
T 1 S T wEd B
5.3 ITAT-ITMUTeh oIt SATH S
== Teram
B WA € T ofqu-enfuder =t o7upel i org-urE
Tl €, W S St ST Rl - W R et
B %7 1 A SFEATT U o SR SATverh well
A O ST o HEA Hel 1 IR B
3MfUeeh =4 fohan 9ga goal 8 1 STael
Y, S T 9 HH hich ol Y 7 ] T, q9 dh
7o) Trr-|e e fefa ® 7 i € qen o
T 21 G 1 el Gdied gN Sfad T8l TR S
Tkl €, T STH 3T0] ThH-GW o 3TAd ke 37
WA € q1 SR SAU[H Wt SAhad B Wl §, gy
I AT FH HIeh STV hl ST FoT T hI A
2, q9 19 F a9 gfod fR S gRdr 71 T
el & Al STeene § Seia e den enfvass
3T foran T qegefaan sl 59 ot g7 g@rian

Hehel B—
>a‘m>

g >

i

FT Sl eI

7 < 3IM

A H dHl AaEest o A o RN hl
&0 e o € wHe g €1 o1 B g 9o 5o Srereen
3R 5o 1 37 sraenel 1 FEfa e et a5
foR § 9T 3 ST HT AT TH Ha X1 H
HA
5.4 TH e
TIg oA I TEdH TN 71 79 31 qoi SaehTe
¥ 91 o HeMPR § g9 @ €, S TG 6 fasn g
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2| B9 dgHSd &1 Hed T Wd AR, S
Tl ot o gRT geelt | o+t @t ], o Sfe =
F &1 IHEA i e Tl T gAR Sie o fag
Tewequl €1 9% WA TN wihRe fafwn o e
FHIA B TEH  STZSATHEISH, SEARISH, e
TRATFIRE, Serary oNfE Sufterd et €

319 Y STUAT A YR oF 39 HOER W Shigd
FHO, S 99 TS <@ w1 g aifefad § T
e ® il @1 W uifefad § eed @woft |
Fael 11 < T s ¥ wd © (Fad 5.4)1

HHE-
e 15% 15| 16 | 17 | 18

H He

N|O]| F |Ne

Cl | Ar

Kr

Xe

Rn
T 5.4 41T seEen § w®d ERE d

Tt srewen w1 Fefatea Sifaes qon gr =mhita
e S Thar B—
o T srfues witgd et €
o I et fewned H wAE <@ ft w7
o O Ul Kdl 1 GO W NG 1 T 3T
RS
o T 1 3TrEEA qen i sitfYEd B 71 3
S T SR 9 SMHT AT At B
o g T =it wemEa & fo gk S
H qof fafyq = 2
6 1 e 39 qed 4 uRelfad Bt © R
Tk SAUET oh HeA SMRYUl Wl VY B B R
A R @St T 1 A frEw T o A o
e Gy H I E TH FD O (W8 TM@,
SR, AT9 ql §oTHH) Sgd Hewqul &, Fifeh o
= o AL Hew € T T STEEA HI AN F 2
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T =R o Heg sy g framl w1 gIue w1 2
Afim @ o e T & framl o 9r ®
5.5 1@ o Tam

9 o from, TS eteEe o/ B wl, T ok
Fiferer oIl W T wraTfezAl ek oY T i o qRomm
1 T8 o 37 Tl W v ferverea | wredl- SEiE
AR wrel o T 1662 | T e o T, foreh
YT et feman, ‘sifaet 1 e’ e §1 9ig |
TH 91g o TR R 9 H 31 oF YA 7 3
fremil ol @ioH o T Sied =Ted aen H-odeh Wi
IRA foram STENTR qen ot SR 4 TRl
N o SR H 3 GEA |

5.5.1 Sgel okl TEW (STH-TTHaT Hael )
3T JA ok SR W Ta siaet 39 fehd W wge
for ““feom ama W i it Trfvera wmn (sraiq det
o HE) W I SHR STAGT oh SIEhUTUTdl
BT 81" 30 ‘atge 1 Fem’ wEd € i w9 9
70 39 YR foran S Fehd 2—
(feeR T 91 n W)

1
p v (5.1

:>p=k1%

(5.2)

(p) IR —»
ﬁTaop)

HEdd (V) dm® —»

forT 5.5 (37) faf= a9l W w% 19 & HFdT V a9l p
& e g%

wrEE fomm

9 (p) I —>

Ame (1/V) —»

faT 5.5 (a)ﬁya%waw%a%www

TET k, G feerieh €1 feeie k, 1 A
19 Y TN, T o A9 991 39 3hTEdl, e gN p
e VeI fRT S ¥, W Rk e €1 gefisior 5.2
%! Yedafted s W eH U € T
pV=Kk, (5.3)
a7orf ‘ Feer ara W T R e W 1 e qen
T T AR Feer g 21 Afs 1| &t e o
! fEeR 19 T W <& p, 1 TG V| | &R feman
S € (9% ST v, 9o <1 P, 81 W), @ ‘S
= I’ & ST ER

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

fost 5.5 ° @ o 99 1 YR & WEE e
g W& feman w71 T 5.5 (87) fafm ai w
THIRTOT (5.3) T WF B k, HT AH JoF T b
for gerep-gereg ©, Fiff foret i % fw g g
o ey I ahael a9 o |19 IREfad gian 81 Y%
9% (Graph) @ a0 ¥ Hefua 21 38 W@aTd ook
(feor 19 o%F) 74 ¢ 359 9% =4 919 § Harud
B 21 ¥ oM 29 Ay 9 @ foR afE i w1 g e
foen ST 8, A T T ARG S 8 S 1 SR
5.1, 300 K ® 0.09 Hid CO, s 3A¥aT T T o
HE 1 < B
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|RUt 5.1 300 K W 0.09 HieT CO, & 3T&dT WX I1a 1 THTS

<M/ AEIAT/ /vy)/ pv/
10* Pa 103 m?3 m3 102 Pa m?3
2.0 112.0 8.90 22.40
2.5 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
fad 5.5 (9) pdAA 1/Veh BT UH A
T T e g A e e T dy s e P= 02 bar
W\t o e o oo quidt 21 O uiferf v, PVi_lbar 227L o)

¥ e ¥ Heft Y@ g T S R

T &9 9 aFd o 39T 98 g F ©
o w0 srrfuss Gdife gidl 8, sifer o Th 19 &
fEU T gerue i Gdifed fran S €, a9 SHeh 3]
T T B €| SHhT aeqd 78 ¢ o S g Wi
feren o 81 St @1 el o | T STE i
T o T[e q1 e o Hed Teh Heel 9T gl 2
R o 3TER 9@ d, TFaH Vadl 999 m |

qqY d=%%l@ﬁ:%ﬂﬂhﬂé€ﬁm&ﬁm

5.3 H § 37T 1 91 39 e § W, a1 54 I8 Hay
Yo Bl B—

d:(kﬂ\p
78 ef¥a & © T feer a0 w i o fafvea
THUH 1 e S o GHMEU S 2l

IETEIT 5.1
o ot 81, T TR | W o q9 W RGNS
%%W%IWW@O‘Z bar ¥ e
FX A S 2, A A TR e S 2 A
bar g€ W TH 2.27 L 3G 5 2, a1 fohart
I % TR I FeArl ST Hehdl €2

'

SREiCY EREIRS {p,Vi=p,V,
I p, =1 bar ™, V, =2.27 L,

Dy 0.2 bar
<fF TR 0.2 bar I@ R He ST €, FTfAT
39 (R &) 1135 L TG d Gl St
Hehdl 2

5.5.2 ATH okt a9 (Aa-3maa daer)

AN ThAh &1 3910 a9 oF U =ed qen
T-ofdeh 4 T W fafa= w=m fhu) S erEeE
T9mid @ fop feer <@ W ffv=d goomm ol 1| &
A 9 SGH T Seal qel a1 HE T Sl 2
S T R qm g felt § 9fg @ T oWt
fafeera o o oTEEE | WSk 0° C A9 o AIH d
%é’maﬁq@%ﬁr%l Iq: A 0° A t° C |
foRelt 79 &1 STEEE wE: V, q1 V, ®, @
t

V.=V, + —0 v
¢ = Vo * 50305 Y0
=V, =VO(1+ t j
273.15
v - [273.15+t]
¢~ Yl"97315 (5.6)

39 frorfa o 29 Q9 o U U OIHH Hi 39 THR
fuiftd s € foF U A9shA H t°C &I T, = 273.15
+t T 0°C &I T, =273.15 §N f&an < €1 30 ¢
9 HIGHH i hiea™ g WIUehA 31l UIH aTq
(Absolute Temperature) WA FEd B
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37d: Ufeqad AU H W 0°C; WHATY HT9HT T
273.15 K o SR gid1 81 & =7 Ay e 98 € fh
TTH A uTaskd ¥ A o feraa wua et o fog
T T T forar S ) ohfee AusH 1 ara
T SN AURT i Fad 21 T9H ST TIF
FtTE & § o S B

37d: Wicqaq ATIshT 9 Shicas AIshH W< hid
o fore &9 273 (efuew 9fes &9 H 273.15) g <
1 afe et 5.6 W ¥ T, = 273.15+ t T T, =
273.15 foa@, @i frefafed de g g 28—

_y [T
iy
Vo _ T
S 5
3d: Teh HMH THIRT Y T GECIRSIGI] %—
vV, T,
7 = Tl (5.8)
Y
L T
v ‘
- fers =k, (5.9)
a: V=k, T (5.10)

HAGdH —>

p.<p,< :p/
T3 1 2?315'
-300 -200 -100 4] 100

a9 (C) —>

forT 5.6 37T T @19 (°C) & T ARG

wrEE fomm

feorior k, 1 W W HT W, 19 F @ qen
e s (fSo e v oI fwen wen ®) W
fefifa fopan St 21

HHRIT (5.10) =0 o a9 &1 I €9
g, S = @ f feeR 9@ W o W oA
THfyera wmET @ MFA SHoGh URH AT o Wt
g 1 =1ed | v & f{u T ae A (Ifewam
) qe I % T UE el W@ § el 21 3% g
ST Tk deH | U @l Y 31 o —273.15 °C
W 3d: G A B fafi @ W et @ e e
WS Bl €, TRy Y SAE W s 3@l ard-37el W
-273.15 °C R foerdt @ (fo 5.6)1

Y TAT I oh HeF TTH i Tdh @1 Hi
HHSTE @1 Fed €1 A T 5.6 § t & °H
-273.15 °C BRI T &, A1 A1ed oh Y&I0N i e
fohan < TR 21 79 @ € R R T o st
~273.15 °C W Y[ B Sl T 39! ad 72 ?
g o1 e 7 @ @1 ard | 39 A9 R wged
7 & Yk T fed e S §1 9% AqE HIetR
A, R 19 I ST S ], 1 O I (Ab-
solute Zero) Fed 2 dgd hH P qAT I=d d¥ W
eI T ‘st o fEm’ s e il 2l

IETEITT 5.2
TRd TR ¥ U&h S8 9 99d d
23.4°C W T& TSR & 2L 9 | T T 5
e &% WeNR, ST 19 26.1°C R Y ®,
o g, T TSR T ST 1 A 2

Kyl

V,=2L  T,=26.1+273

T, =(23.4 +273) K = 299.1K
=296.4 K

=ed o FEmER

ViV, VT
L T, T

v, =2Lx291K o) ) 009-2.018L
296.4K
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5.5.3 {-oaer Tam (STe-amd deier)
Tereiferd aeAl o 2Rl W S 9E: M @ §, W
Tl % A g7 srfus 9g S 21 Al <
7= e gurEfaa el fohan Se, ot <R %e S|
e o Tl o &9 U € foF are o TR ¥ e T
¥ T S | A9 TS @ o Hed g Ga i
S -l 3 ufqaed foran, f5g f-orden frem
el Wl 81 38eh SgER— “Rer strea uT feret
Tifvera ool T/ w1 @ IER IHAT
HATUT grar &1 i w9 H-

Y _ferim-k,
T

V,<V,<V.<V, v

V

/VJ
//V
I

/

0 100 200 300 400
T (K) ——

T[E (W) —>

4
S

o
P
5 LA
LA
P
L -
T e
et e
e
RE-

g 5.7 : T 9 & <9 a9 @9 (K) & 7 SRE
(Gq-3q 3RE)

Y Ha¥ Kl A1 oF 99 91 =1ed o 9| g/
oft frefa foran S gear 71 fEer Hier 3Tdd ™ T4
q a9 (Shfeam) oF \eF 3@ i foxt 5.7 o <wifan
TN 2| SHS! TOF @ & GERa w8 B
5.5.4 3TENMGr a9 ( STEaT-AEAT HaeT )

T 1811 H Teclt o dARIfTeh STEANTR o TTeed
W] fagid 9o f-qdeh "9 e fagid %
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g frepd o we uferea &1, o ¢ strarmsy freaw’
o ®Y H ST S 2| ST SFTGR— AT A9T 16 oht
A gitfarfaal o TAE stEdqearer e § que
W& | 107 B 2 34! qcqd T8 ¢ foR W a9 ud
T fEeR TEar ®, 9 19 R I SHoh TS i
& T A1 3 Ul § 19 &1 A0 W R e 2

Tfordta &9 ¥ &9 foa@ g &

Von (S& n 19 & A6 & 9@ 7)
V=Kn (5.11)

Th Hid T A el GEA 6.023x10%
fruffia =t 7 2, fo  sramg) e’ wed €1 9
=€l He B, ! oare T | § Hiel i e
& "2l 9 g w1 2B

<feh T T AT Wil F1 @A % qEA
B 2, 31 Y% 9 1 T e, " a9 TS T
(STP)*, fS&ehT ™ 273.15 K @1 1 bar (10°
Pascal) il &, THM 3T T@dl €1 STP W 37w
T ol HieR 3T 22.7 L mol™ Bl 81 o 1§l o
HieR e groft 5.2 | faan e 2—

¥R 5.2 : 273,15 K 997 1 bar (STP) W %
4t 1 forex ufa Oiet o dieR-sTmaaT

S 22.37
AT SEITNFAEES 22.54
RS ECISE 22.69
RSN E] 22.69
TIEERSNA 22.72
et T 2271

T 19 & didll ®1 §& FT T0AE 39 YRR F
EIlE:Coil-

n:% (5.12)
&l m = 9 o SNH T 1 SIAM a

HeR M ©, 31d:

V=k4% (5.13)

* STP-URY H STP & URA 0° ©. G 1 Bar W offl 36 URYM o TJER STP W 3T&¥ 7§ 1 Ao 3T 22.4138

Litre mol™! & 21

es UREYT A Ts qMe (SATP) &1 IRfefqal o deiten %l | @ el €, Sl STP uRftufadl @ aead 298.15 K
gl 1 Bar (10° Pascal) @1 &d:, STP (1 IR a1 298.15 K) T 373l 71/ 1 Hielk 39 24.789 Litre mol™ &l 21
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HHIRI 5.13 i T9 YhR GAfG=ATTa fohan S Fehat

a
(5.14)

el d T 1 T €| T 5.14 © &R frehd
freprerd & T forel 19 1 = ST HieR Seg9H
1 FHA Bl 2

T 9, S dFd & FEw, e o e g
&S & 7 %1 gufd: e w2, emeet |
HEA! 1 T W hieqreh 1 TH AT ST @ foR Tk
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p
T
V=Rn? (5.16)
R U GHMUITGS feeish €1 THiehor 5.16
AfETEd % W eH U € T
pV=nRT (5.17)
_pv
R=— (5.18)

R &1 ‘g i’ ed 21 98 9+t 76l & forg
HYF Bl 21 374: 34 Wratyew e Fraaiw o sed
21 FHRT 5.17 1 oYl T HHERUT wEd 2
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T T fordt 19 o n Hid THE ST W@ ©, FiE
nRT

V=" el n, R, T p TR 31 v ferght 7 1

EEN HEY S8R o THM Bl ¢, dl J8 THiH
et ft 9 R ] & Fwar 21 STP wRfefar o
(273.15 K @1 | bar ¥d) Tk Al < 49
I 22.7 Litre mol™! Bl €1 37 gRfterfaai o wh
el et 719 % R oF O 1 U1 96 Yo i ST
Hehdl B—

_ (105 Pa)(22.71 x107 ms)
~ (1mol)(273.15 K)

(10° Nm)(22.71 x10° m?)
T (1moD(273.15 K)
=8.314Pam’K'mol" (Jf& 1Nm = 1J)
=8.314 x 102 bar L K! mol™!
=8.314 J K'mol!
STP fRfEfa@i (0°C qe 1 YA ) W
R &1 AM = 8.20578 x 102 L atm K-'mol" &Idl
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eyt T gt 1 Gy g9 9R W4 9 R
frelt 9 H syewen 1 SATEN wIA Bl od: 39
TTEAT WHSHIUT ot Hed

e 3TEY T TRl WG foem ) T =)
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qe p, T ARG B €, @ &9 fore wed © R
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Vi _ PV,
= T, T, (5.19)

HHIRIT 5.19 T ITART THiRT B A ST
DO W W U SR o WH A e, 9 ST =R
TOET GO (5.19) BRI T ST Hehell B1 TH GHIHLT
w1 W T fEm wed T

IS 5.3

25°C T 760 mm (Hg) I T T 76 600 mL
A Bl g1 TREl o T W, WEl q™

10°C. I 640 mL &, 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

. AL AL
T 19w & SgER T o,
_ oV T,
= p2 - T1V2
760mm H 600 mL 283K
- g)(600mL) (283 )

(640mL) x (298K)

= p, =676.6 mm (Hg)
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n % ¥ wieenfm + W W 99§ fR
_m __ P
MV RT (5.20)
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M- Rr (e d 7 ?) (5.21)
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D (5.22)
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Pyo = Pr+P+Pt e (feeR T,V W) (5.23)

Sl p,._ T % fa5v F1 %l <9 2 9 p, p,,
psﬁiﬁéaa#ﬁwm%

G} h1 FIHRIG: ST o SO TS fRar S 2
d: 3 T et €| T T, few sty o gid
2, o aroue H ¥ SeiaToaeE M2 R ISk 79 o S
FHT TUAT FT S G &1 TAaTd g T ST
T H ST qrE’ wed ¢ fafew a" W S &
et are 1 GRen 5.3 § fean e 2
- Seitg q e

Py i = Pgm (5.24)

WA 5.3 fafie 9 o e Rt St 991 (a2 )

dia/E | ZT€/bar qa /K CIC VIR
273.15 0.0060 295.16 0.0260
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

Uit 3197 oF &9 U 3{{ITeh STE—AM a9 T |/
AV DG o e | A i A £ e oy | R ol = e =
p,» by, ¥ p, %T@"TTISP%Fﬁ

- ﬂ (5.25)
b= v .
n,RT
by = v (5.26)
nsRT
ps =—r (5.27)
S n, n,, T n, NG R Al S gen §
P = P+ P,+ Dy
RT RT RT
= —— Ny —— + Ny ——
\%4 1% 1%
RT
=(n,+ n,+n,) v ‘ (5.28)
plﬁpﬁﬁﬂméﬁquﬁ%%—
P ( n, ) RTV
Protal Ln1+n2+n3J RTV

n n
L S L R
n+n,+n; n
SEl n=n,+n,+n,

x, I TEE W H A T wEd
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3d: p1=x1pW

Tl TR 311 1 i ok forg ew for@ wehd -

Py =%, Py T Py =X,

3T Ueh 9 TS0l &1 39 YR fer@n s
kel B—

P,= X P, (5.29)

SRl p, @ x, i 79 o 9 A @ SR
Hict @791 &1 4z 79l & fasor &1 o 3@ 9@ e,
HHIRTT 5.29 o TR Yk 119 § Icqe A1k <1 i
o S wehen B

3MEX0T 5.4

T rei-sEeiadeq fggor & 70.6 I™
TreaTfSH de 167.5 19 Heid §, af A6 o
a9 %1 e I@ 25 bar 8, @ fago 7 FieiT

qAT SEATRIIS &1 TR < =1 Bm?
'
TR % Al #} Hen =008
32 gmol
=2.21 mol
Heift & el # wem = 07108
20 g mol
= 8.375 mol
o #ma - _ 2.21
SRR W =5 21+8.375
2.21 )
“10.585 - 221
. 8.29
=222 _0.79
AT ok HiA A9 T

37 ®9 | 31 &1 AT 319 =1-0.21=0.79
T\ T SR T = WA A x FA @
SATFdTS 1 3T |

=0.21 x 25 (bar) = 5.25 (bar)

B ERCa R INERC

=0.79 x 25 (bar) = 19.75 (bar)
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Tl TS I UE-UE A T G B B, e
JIARY0T 9 ST ! Th-TW ¥ T HT 1 T
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¥V, O AP | GeH Hdled p, W p, T H
arfagerr s ® (Fo1 5.13) 1 30.98°C (hifaes dma)
Y 9 Y% % T YhR HI Yoid TSR I 2
W A9 W headl &fast W@ w1 e ¥ gig et 2l
whifaer fag W &fas s s fag o faei= e a2
Iq: T9 3@d € T o 5.13 ° fog A T erawen
1 T8 e 21 D foIg 59 erareen i yef¥ wan
g, vt 39 fog @ H= Yeeqw ompfa o e
SESFAES 1 5a a1 TE Sferee Frereen § gl
21 |l T feer 99 W gdted (WHard wdied) W
HTe SEATFES o GO FaeR WM Hdl 2
SR A 7 oft Tt § R sl o for T
1 Shifder a9 @ == 31 feman S Hehar €1 shifaek @
T SATeRan a9 gl 8, T geiehd 19 gem 4R
fear <t 21 Torh i (srefq 3 T, Sz % A
AR AT foree yaf¥a sedt €) o Seliehio &
fou a # & o WA-WY g gaed Aavash
Bl ¢ Hited, 19 % et %1 UE-u" o g,
Sfafeh q1q W HE G SUET BT T FH & S L,
ST AT 3= foparn & H TIfaefial S7opsti st
-9 Tl € 9 T Selthd 81 St @1 ek T
%a | q1 59 1 719 | T geaeen | ®d gu uiafda
o ST Teha 21 SSRONY - fo 5.13 W A9 SgH W
e B9 fog A ¥ F &1 3R S €, 99 36 qHard s
(31.1°C) o Wer fer a0 W 9 = giifed A
W fig ¢ foor 21 39k YA B9 A9 FH Hh
Feater A= #1 R fog D W W €1 S & e fag
H &1 IR &3 8, 99 &) e 59 o< e 8, W *el
Ff T yreed sufte & et € Ak Tw wiwan
Hifdeh a9 W GO B 7, A UK ohaet Tw &
e | el B
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31 g9 e W sTaeen § gae (Fiawn) @
TG T ST i GBI o foTT 9 e 59 %
T 9 U 1 YA H R S 8 31 59 I g
o Huffd ®9 | @ S Fehdl 81 Sd e, Hifdeh ard
Y HT qI9 R B 8 (T SR AT TR TR
¥ ) @ 5a qen 9 § fa¥ e s g 7, T
7q ufifeerfq & g9 qen 9 wremeeen § 8 © sl |
Wrerena ok e fadeent) wa faar <t 21 39 faad
A & erquieafa | ww fedt o fafy g
sraeena | fade & T gahd 2| wifde a9 WA |
Ta & YREdT TgcHel qel Had =il ©, & Wl
Yok Tl T 215Yd B Sl € (TS 5.11.1)1
wifaer @9 @ = fet ot 79 A shew < TeE
gefierd foma S Hehdl 21 39 39 ugref &1 a1 whed Bl
Hifges a@ | = FET SEATFAEES Hi HEA
STRATRIES aToF’ e €| o U1 o shifden TEerishi

o WM gRon 5.4 § fEu e €
WU 5.4 TS UGSl o shifde (eANl®
qaret 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
o, 154.3 50.4 0.0744
Co, 304.10 73.9 0.0956
H,0 647.1 220.6 0.0450
NH, 405.5 113.0 0.0723

ISR 5.5
T g G wifde au w@d 7, e
RETOT T o TS o WeA AU well W
TR L 21 ST qen Fre STEATRIES o
Sifder 19 SHAT: 405.5K qe 304.10K 21 AfE
19 1 500K § FHETG! A9 e HH Y, d i
o 19 Teet gelteha erit?

'

ST T SO B BN, iR SHehT
Shifceh 9 T8t 9T &1 S| e SESHFES
o el o TeAU 31 3Afereh Sitder e B
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S5.11 g 3Ta&EAaT
T ST T qo W, F9 ST § s o
Ak Warel Bid 21 3o 3T9] g4 UE-T1H B © TR
3ok weA o T Sgd A el B S aRierfaEt
¥ g &1 gor | 9 fus T T 2

Sl o STU] AV SHTU il g 59 T
& ol &1 et fAfeed g @1 w1 Th-gm
W gureh & B €, el %ol o 370] Yo ®Y W A
F wd €, o 59 yarfed @9 €1 59 H T U
Y TR I | el S Tehal € a1 g o § 39 @
ST €, SH T SAHTT T H A T 39 W H w
59 % D O, STH— TSR, TS q T B
1T HL

5.11.1 druadH

g Tk faifad o &1 59 ¥ TR €9 9 9 S
2, %o 1 S A ATiehd €l TS o 9 ST
i ML 1 | YR § 5ol Sfoud Bl € A1 SToY o g
Td 1 W W Y M e (o157 ge) H gfg Bt
S B h® THE UvEl ge feR @ S © oqen
SI-3TOR UG aT-3TaX] & [ 9 Tfyq wl
S #1 39 STEe | oIoqe W aTeaare ST
HI AT el 81 Hifeh TS i Fiehan @ W
aTenfid et 7, o7 forht 5o o arerE Y ==
HHF A9 1 Seoid HET SEYIE Bl B

S $9 Gl U H TRA fRan S €, 99 9%
A T W AT el B e 5ol 1 SouETd ael
T@ % GUE B W1 €, 99 QW Fd h1 a0 gF
ST @ U1 SIS 379 URE § g &Y W Y@ gt
21 "ol g9 & e arsdieRto t feafd i ‘S’
ed 2| ae ard, TR Rt g9 &1 arieE 9w gE
o TUME T Sl §, T€ @ 6 W K H T
FEAM T FB TE Fa & aoE o 504 o
TuiT ¢ €| Tk SgHeed 36 W Sl Sl Qe
nglqﬁm@barﬁ,ﬁaﬂmaﬁ
U STk Fed &1 fhdl g9 1 A Faeis
U= FaoHI% | T W Bl ¢ i Th bar I
T HSAE < ¥ F Y Bl 8, 3Ad: Sl
YT TR 100°C (373K) €, Selfeh WIeh aeleih
99.6°C (372.6K) B!
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= SN W AgHSH T U Bl €, 37:
qSAe I ol H =9 IR W §F FHH q9 W
Seerdl 21 Hifeh TeTSl W Sl H dIq W Seord €, 37
IS i T o faT JIR Fht F1 THHE Bl
el 21 fafmcaeml o vea-fear § +m e
SYHIUN i SAeaia | IaATereh WMMIRFed fohan rar
2, Fifer siidiete & T@ W 9R W@ <6 g81 9§
3ud fafed So1 &1 sl 9g = el

ST €9 5o i &€ I | I §, 99 Fe TE
Bl B 1 T A Y S TR STougTe sgdl €1 IR |
79 q AT % WeF U T Hiw-Ya feerd o €,
ifeh 5o o9 T ol § S He Bl 81 SE-od
A9 S ST 2, - 3tferehifereh 3707 aToq Yreeen
¥ gftafda eid & e T 1 I Feal s 81 i
A W-R B €, ;I YHIG e &1 & 5o ql
AT T T THM S €, T 59 901 9159 ok [
1 HE-tEn gy e S 81 T A ‘shifass ar’
e 8, fEsh! =ren g1 e 5.10 § Y g 2
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5.11.2 Y3 dd (Surface Tension)

Tz gafafed q2a T & %9 U 1 SR Tg07 R o
&1 Tkl T IS TAE W HeH HT TS TARR HoTehT
& w0 H F et 82 Tk dd W g H
Jereh-gUeh A B § qe Sred Rl S W Wy
forqen o S &2 KRt Telt i g9 ae1 & Hueh |
M W HfYenT el o o W@l AEl Saxal i 7?2
3 geft yeeA 39 % fafire o, 9 ‘ge-awE’
HeEd €, o R B B 59 o Th G T 1] qeft
Tegmat  THE SARE Tl SIS AT § a1 TR
STRT A I BT €, W Tede W e 310] e
= o STUET oF R Fd oF ST I ST STHYY a9
T e ® (Fodt 5.15) FifeR 30eh SR o) e
Bl

TaEl ] :
A H 3 H
T+t feemet
w /ﬁm—m
4
ford 5.15 : 59 &1 Gag W a7 59 o 377 [9q 377 |/
SRIfYT a1

F9 ST g hl FAAH A HT FAE HAl E, T
o e W AT I T FT AR el © 3R SHT Tl
oS H Sufterd s 1 s ¥ A Bl @ it
G o AU I I I T8I BITl SHIT Fal i Fgfd
g W HA 3] W I B 71 AR G H T 1] Tag
T A Fdg 1 I ST 1 STHYU Fedl i IR
T B 3Hoh forw Soit = et B1 foRelt 59
Hde ¥ This gl o g sTemash e &l ‘O&E
Felt’ hEd &1 THHT T Jm2 Bl 81 Hae W @it
TE Weh @1 hi Tehich AAdTE W A o Aaad 9l ahi
‘g3-aE’ HEd &1 30 e g ¢ () § v
F T ST 3T kgs? T SITHE § Nm! gl

wrEE fomm

21 frdt ga o1 Frerdg Seiar 9 81 ©, 59 39
TS eewa e 21T fefa w1 e dqw
FTl T T wROT ? fom et oS den wehd Y o
TR It & o1 hid o e foFR w1 TRH Hieh
TR S ST Tkl 21 TR TRT ST W i et
2 a1 g9 1 TR el ST o 1 YA T ©,
ST fepmm ool < St B1 3 ‘ohial w1 tfi-viferr’
(Fire-polishing) FEd %I

T3-T1d o HRUT Teh ShyMieiehl H §a Fgdl a1
IOl 21 FA TR 1 TH H 1 S, Ffk 98 qqed
WA o ¥4 H I%] 1 Gdg R hel Sl 71 G A9
U UE-UE B §, ik S 1 Yqell 9d bl
Y- FH B Sl 71 T8 Y3 9 € ® S 5 hi
TAE I T 1 07 AT B Tocd-T9Td o HROT et
B A e A A i e
AR # % quf MerhR e 2|

T3-qE 1 URETT F9 °h T[Sl o HeA
AR Tl W R wear 31 S sreRvu-e e
B €, e TS 3Tk Bl 81 g W g
FI Ta-Se ag S € qO FeR AU FRAT R
YT A 81 St &1 $7d: A9 a8 W YRS FH
Bl S 2
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Tg ol 1 AT U1 B1 5 ok YaTE hi T
H Wd A I TR TH-SH & FH TRl €, 79 ST
e Iq=1 TH0T el o HIY i TAFAT HEd 2| T
UL o T Yool A AUk Sl o HIROT Il @
S wal S TH W A T 7 S SAH Th-TR R
e 1 Ui Hd

e ol 1 Ware fehdt fEer wae W g €, a9
39 (%9) & 98 WA, S GaE % Gueh H BNl T,
Tl B S €1 S-S Tl W ¥ 90 wal
T et St B, S-S TR w1 7wl Wl ¢ 37
39 TR &1 Yare, 999 T W ¥ TE 9 61 a7
HU: Tl =eAl S ], TF Yae’ wednd 21 A
B Yaifed 5a ® fodt ot a =1 94 (fe 5.16) @
ST TR WA THHT AT dGrl B, SEfeh Freel W=
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farT 5.16 : R ga18 9 a7 &7 S0

I g dz T WA 1 3 du TR el €, & &

Waﬁj—;@m%mw%mﬁ%wﬁ

ST @A o foIT T ot F1 STevashdl gt ¢ 98 o
HUehga Tl o &hel a2 Sf-Yaurdl o FHTATd
B B
3W: Foc A (A 9T &1 89Fd ©)
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(aﬁi—; A-gourar §, rAiq & F Wy o o
qfterdd 21)
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Tl n T T feeie €, Y ‘g qunis’

Fed &1 I sk 98 91 €, ST AT-Yeurdr qe
Tk 1 AR SHE &l 39 YhR 1 famifaar &1
19 €| faemfar sk 1 SIShTE 1 =27 Uehs Jfa
TR, (Nsm™), WW@%Pas:lkgm’l sl
Bl cgs TS | AN Ul 1 THE izl (He™
SR S ogd TEsSiel & AW W) T

1 poise =1 gcm's™ = 10'kg m™'s™

A e B W 9 1 YaT8 9gd HR B
2| TIESISH 9 a1 SSTeTey al o HIUT ToGhTiad
93 S 81 g T A fadfad 59 81 98 3901 W
Bl € fop geh arferentar o7 S @ firerd ©

A9 9gH W YA 1 O W e S e,
ifer ek A9 WX ST R TS Sl AR Bt
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wrEE fomm

9T

54 o Ul o HeA SAMUH 5t B &1 A oA 3 faoid e i o Hed Sea B ol fEeR Sga
ot ¥ fa=1 i &) e @ 3 39 Sl w ot geifed T R €, S gewds 99 H <) AR w e
Tl €| STHIT STl AT STk ST A o e widglgan go4 it e i i widl 81 57 o
T U (S TG T SRR, ol qe Sl % U 3 STRT Yo | qied, STt Hull 9o Sk HeA
= fopan R Felk hed €1 il o Tt or Skt steren o uRerdd o g el e €, W Skl
fopamefierar ifde sraeen w Rk w2

g ok STUETl o HeA SRYUI-at 3Tfd = BId € q SR TEEh Fhfa W o it T2 S
&1 D Yerfta o1 (SM— e, ST, 9 G STHH) 1 Sfarear 3 T o g e o Sudd
fafe= g frram fKw) 9ot o FamaeR gward aRftfael § o fiea defa ol 19 %1 <" 5@ @
o A il g1 Jed 1 fam gt ufifafadl § s 9en Wy 9 o A HeY i <@ 2
Tgoh R, et ffeea Fefa arelt 19 1 e 9o Wy 919 o GHMA B 21 9 19 w1 gRfas
Wpl,vlamTlﬁu?ﬁﬁaﬁmamwﬁaﬁqaﬁpz,vzﬁ?TzﬁasﬁmGrrq,aﬁs‘—rﬁaawaﬁ$nw

il 1 e e o g e e W = et e 4o e o A,
Fodl =X T TRl ST Gehdl €1 SAERTS! o 3TER, @9 TS S 1 qoH affeefaa o i oh GaM S
¥ ayupel 1 Ge oft 9HH B 21 Sleed o SifvTeR <@ o FmER, stfwanfiar T o fagor %1 e Ie
Seh AR 19 S AN ok SN Bl €, i 19, <@, SAFa 91 il 1 Ge o Heq SAqds 1 i
rereen w1 i e 21 38 T 1 srereen TRl FEd 21 eyl T o fou sreeen S pv =
nRT & 8, Sl R 119 feemisr 81 <@, Soa" o1 a9 &1 91 T8 THE T 56 7 R L 2

= T AU HH A9 W G b AR o Hed Ao Yo € S 8, ik 4 0] IE-urE
31 W | A9 TS S hi ST G o 9 i geliepa foma 1 Wehel €1 B9 i A A & §
T 1 GUIS e WM ST Wehell €| Yool SHAIUh STRYUI-ocl oh SROT %ol o D 01 JoS-aTrel, Tl
a7t #)

AEH

51  30°¥. @M 1 bar 3@ W a1 o 500 dm® 3T ! 200 dm’ T Hiifed i o faw foma
ATH TS T STALIHRAT B2

52 35°W. 9 AT 1.2 bar T W 120 mL eIRa1 oret 9 H T 1 v ann ol #3350
Y. W TG HI 180 mL oA Il Tk | TMIARG Rl S §, a7 1 S A gh?

53 STER-FHIHIO T YR H §Y T HIFSC fF KT 7T a9 W 79 1 71 19 5 g
T B 2l

54 0°C W 1 2 bar ¥ W fohel 19 & oS %1 ¥ 5 bar @ R SEARLISH o T
% HEE , A ATIEE 1 U-9R F1 72

55 27°9 R TH UM NS TG 1 I 2 bar T T GHH 919 T € R 3TH I UMW A T
e St ®, @ <@ 3 bar 8 WA B1 37 TG o SAU-9R § Gee Tfyd shifew)

56 A W HE A S H geH el § Uofatem g @1 9 sifes 9l 9 e ®
TEERGISE T4 1 €1 A 1 bar 91 20°C A9 W 0.15 TH Tgfat=m erfufwan o,
frifaa e=eRgeH &1 3TEas F 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

I 27°C. W9 dm’ LR FAReE § 3.2 UMW WA T 4.4 TTH HTa SRSAFIES 1 H00
1, d SHHI T FA B2

27°C 99 W 54 1 fetet & % | 0.7 bar W 2.0 foeX SEaifais™ e 0.8 bar W 0.5 L
STEEIESIS Wi AU Sl §, d T Wy & g« = e

Ifg 27°C 9 A 2 bar € W Tk 19 HT A 5.46 gdm® 7, @ STP W $ThT S I
B2

I 546°C M 0.1 bar & W 34.05 mL HIEHRE =15 T 9R 0.0625 ¢ €, Al GREHRH w1 Hiel
SHIE 1 T

T fomnedt 27°C W M 9R & wAw H ATIFRA-THY0 SO @ T q9 36 WA
ST R @ a1 5 999 IvEn 39 A a 1 STed™ gl 38T STMEd i g
W TAER H1 A9 477°C T A9 FasC o arg 1 fha 9 v § 9w e
3.32 bar W 5 dm’ 3G ST 4.0 mol 9 o A9 1 UM HifTl

(R=0.83 bar dm® mol™")

1.4 g STETEISH 9 H IURYd el Seiaiql 1 T i AT SHieTq)

I TF T 10" TF % W foafa farg o, @ stenl-sen & e T faafa s
o fora T a9g am?

27°C 99 W 1 dm® ST Tk § § T STEaifaiis qei 4 W SEeResH & fHe
1 e T foha T2

e o 9K qen faeenfud a1 & R % SR &1 ‘Uelts’ Fed g1 A€ 27°C R 10m o
TR ¥ 1.66 bar W 100 kg Efera™ o ST, A1 Yale i TN &Il (g H T
=1.2 gmm~ 94 R = 0.083 bar dm’ mol™")

31.1 C 941 1 bar <@ W 8.8 U™ CO, §RI =R T ARG i TOMI Hiferq)
R =0.083 bar L mol!

T T W R 19 o 2.9 g TAHM 1 95°C T 0.184 ¢ STEEESINH 1 17°C W TR
U B 9y o 9 % Gen geFuE &9 e?

T bar 36 T SERESSH 9 SEATRASH & 901 § 20% SEeEgsH (YR §) W@l Sl
2, Tl SrREEES &1 AR < g

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

e o | o YR W GHEEY i =HaH 9 99 -273°C g B

e RSB T W o1 hifdes q19 HAN: 31.1°C T -81.9°C B T ¥ fohad ol
IR enfogen o1 & qun 4?2

AfetaTed e i i ikl i THEE
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