T i rEwAT

STATES OF MATTER

ERE)

TH Uoheh o 3149 o oI5 3MT—

T hi Taf=T aTaenedi o Afax i
FHUN oF HeF -3 @l el
S el H TR e oh STER
- Y,

e N N e IR
37et T oF SeRR @ R e
7o} kT == Y Tehl;

ardfaes Sita w1 fafu=T aitfeafaal o

T el o1 STyge Y Hehil;

g qen 5o feen § TRt i
o T

efer arercen qe &y § fI8E o Tohtl;

AT STHUV o YR T 5
o T[UT Rl T HT Fehdl|

11084CHO5

fira & w@weit feaenvT st |7 &1 9 9 1E &1 urd a8t aifies avl
g 3T 3 AT 4V UgTSt gl UY aga SRl ki witeT 3t g

S T BN

=
T U9 o 1A H A 554 o Uk Yl © Halferd Ton S wHifvee
Y, SEF T, el STEY S, 3TfUeeh TR, g TS
1 A fRan THEfeE 9 o sifueker ufea Tored, f9 EH
wRfed €, %51 o Tge O ol frefua e €, svefa & o S ae
e W UHE ST, WA A ST o Hie § Geiud e €l
IS 59 1 Fah T o1y) e, eifug ST THe Seerdl 71 e
T 1 01 STl o AT o THE 1 Bl © Tk 310] Rl el Wl 9%
& ®UH, S Uk 319 8; 59 ST § d1 a1 37e 99 o ®9 H TE
fereent o sificd W & 81 9%, St 9o oo H sifaes or fae-fore
B E1 T T sTerened ¥ ot 1 qEEfE Heed H,0 & Wl §1 S
T T STereaT o TUTH STel o STU3T ohi Ssll Al 39k g | T
BF o YR T FR W 21 98 o ugel o fow off ' R

ot Trel o TEmEte o SEent fifde sreeen uRefdd e
¥ uftafda & € €, W THEtn Sl 5t S i st W
99 w81 HR-mlt T o sfiehel i TUAT B HEA S i
STETE S T h1 STETIhdl Bl 81 37d: wered ki ferfe= srareensti i
foreifra et sifdes i o6l STHAT Uk T o forg sireeaes e
T TH Uoheh T BH 504 %1 T <A ek tereensd, faeivd: sa qen e
e o aR o Ay Wil iqw onfas el it Ui, oMfvesw
ISR SR RO T T TR SO il o T Sl YR H HHEH
AT €, Fieh $Toh el Tger 2 qaief ot eraren Freifd e 21
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5.1 STaT-3MMTUaeh oA
SRR HUT (TRATIST qe STU[3Ti) o Hed
YT SR GqeRdoT aedl ol ¢ - 3Tfveeh o1’ shed
21 29 18 &1 aed < foadia e el o Hew
Igd o | A1 I 9 9 S 0] § AL R o
@ ®, e 2

AqU-3NfUash MHYU-FeAl ! e Tetded
(1837-1923) oF WM | “aietarcd &el’ %gd 2|
Sleteed 3 ey Saer | ardfas 16 o foraer
F I el o g GEEE, fSEdT SeTEd 'W W
FE H AWM HN| diekded dal o R o
fafaerar gt 21 s9eh ofavfa deq 5o, fgya =t qen
IRa fgya wo1 o 21 Uw a9 yed R i
faya-faya s fopan egiom avr 21 hael &%
0] & TTEgIeM se FHiT § 9Nt o HWehd §1 o1
U gues Wart § @1 A 81 39 SR TR o A
% 50 o ¥ whe 4 ° d@ g <l

TET oM < UMY 9o UE © T TH A qen
T fgya o 7 TRy 5@, R ¢ emm-fya wa’
TN A1 ®, ‘oietacy 9d’ @l 2| o« gq fatae
YR o AlSTAeT el T AL FH|

5.1.1 Yokl et 3TIAT S ool

WHIT] qel SYETd 3] ofE[ WHHd B Bl T
Ay afgd €9 9 foald W €, W S e
o et § ot fgya feifa@ w9 o 309 fean =0
Fehdl 81 T8 TE YhN WH ST ekl &1 A {6 &
A A 991 B Th-SR & T € (fot 5.1 &)1
UH & Gl © 5 RiE T ] 9 A dreerforen
®Y W AMT B WU, A SEY AY TH AR
aifyss = wme (o 5.1 @ qen M), @ SRt oy
g 2l & F A WA A g gua & fae drerfes
gy SO B Wl @1 TE IfcUhlicieh  dleaiioTh
fgyd o1 @] B, (S 389 fe €) o ol
T ! faefiq w2 <@ 71 aRomHeEEy WA B o
IRa fgya Sca= @ S R

T A T B o 3Tl fgyd T&h-3& &l
TRftd i €1 TH YR 1 UG fgega eroet A off
I AT ST Gehel 1 3H YHR oh SHYU &

B

SolaRleh SATAYT 319 T WHHd fgaeor
(=)

mAarc&rrFrrﬁﬁ wrrulB@rﬁﬁ

fgya € IR R
el S B
(@)
WTU:;AaéaﬂI wrugBljﬁa
eﬂfw%l )
faT 5.1

et aR WA ofifw fame fRes ded oy
e st *RO 3 eRemdt fgya o e & eRd
%1 ST ST Hel Sl 21 39 &l 1 TH 3 4
WehIUIA oIeT B 1 39 Yeh o Sct EHYN JATSREUT oIt Bl
& a1 < SARRAR Hl o Hed H g0 ok B
A o FhANI (3Tiq 1/r6, ST r 1 O ok
T Tit) B &1 3 9 sheel o 94 (~500 pm) TR
& Hewaqul B €1 g1 URATT Holf 1 o R sk
T 1 Gt wll W yehivi ol Sufked ed €

5.1.2 fgga-Tgga s

Rl fgya e ompstt & men fgya-feya s
1 e 2| fgya o it ‘ erifires eme’ W@ 1 3=
e 18R Sl (8) U Wef femean Stran @1 ¢ eiferen
AT T THTE TR AT (1.6 X 1079C) §
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U B | e 370] Frehead! o7 @ = fepen
F 2l fo 5.2 (%) BESeH wiEe & fgyd o
TOaR Ay famo & qen fa+ 5.2 (@) I HCl
st o Aem fgya-feya e foran =1 =R
Y | T8 A=A Teha S-S 1 gl o gaiat
Bt B, Fifen s shaet o1ifyTeh e € A o )
fgya & 77 g Se ¥ I SMFYU T Td W T
el off S feafa &1 € We s==afwar &1 ol
yferd ropell & weA g o SqehAal gt €1 fer
yferd sTopeti (S/— S §) o WeA STATHA i
Fell 1/r° o a1 F0q Yo STU[eH o HeA 1/roh
T BT €, ST - yia Tust o me &1 gl 2
ool 3] ofed aell o gr ST foha Y Hehd
&, forash1 wftwfaa g = g @ fo ydia sroped &
Tl F-2MMvesh ot a8 S

& o

b

FAR T 3R 31ferem
) AT S

& & & &

@)
FerT 5.2: (%) THYAT 379 HCL H Soiai-ah ST 7 oo
(@) 3 HCl 31937 & 7e7 fGya-Taya sr=ar= feher

5.1.3 fgga-ufa fgga s«

TH YR o STHUU 9, TR fgya @rere gaa
st qen Tomht fgya el Terere STUEt o Hed
FERA B F| Tl fiya Tandren 1) Sgd S
3] o ISR 1Y i fad wiek fgya U@ &
1 B TE THR = A9 H URa fgya S 81 S
21 39 Teorfq & off etreRdor 1/r¢ o o WEIT Ela
&, Sl r <1 S1uei o Hed 1 g €1 uRa fgyd el
Tt fgya o fgya el den fompq 3™ o1v] o
yerdl W 7R el B Uoheh 4 W eH 98 UG Yk ©
9 TR ok V[ hl AN ¥ yfad foran S Fehan
21 S=9 YAvial Yo well w1 gmed § gfg et
21 3 feafa o it wehiof sl en foeE-ufa foya
A== T (Interaction) ED F{[ﬁﬁ ERIERE]
atfee g 21

——
ap @
Rl fya syferd 217
(T yfad 1)

—_-— >
q
e "’}ﬁ%
(T yfad a19)
fera 5.3 Tt fgya aen 9Ra fya st=i—= fohar
5.1.4 EIZSISH  ATaer

T Theh 4 U € 98 W@ Ioh € (S @E 5.1 <@
T ®) T e fgya-feya o= T =1 s fawm
fearfa 21 erEgeT ey 39 et o fieran €, e
31fd ge N—H, O—H 31281 H—F 3T/ed 3Ufeerd 2
2| T SEeSH SEE N, O 91 F de & HifHd g
2, T C1 S TET] f eEgeH ey § 9 o §)
BIESISM &Y &l Seit 10  100kJ mol ! & HeA
Bl 21 98 TH wiefw "En oS B @1 ofd:
AfereheR AT (STeToMe— WA qen i 37T )
T G qA1 o1 o HURoT | TEgeE ey Th
HewIqul et &1 Teh 210] ok Toefaaroll WA qon g
3] o Y-SRI RIS TWHTY] o HeH TR Sl
SN BESISH aTaY 1 wmed fuifta it 21 7= fean
T fod BTESIS ey o Tl i UERW S B

8+ 86— &+ &
H-F.--H-F

Hau-anfvaes oa1, foet emen adft &1 T €,
AT Tt B RIS ok HeA Th-gE % Ffa
iRt oft g1 @1 S < 370] Th-TR & Gk |
T €, 79 <M SRt % e[ 319 (Cloud) & WeA
qen AT AT o TfRT F HEA YAHHU I S
?1 < YR STuEi o Hed 1 g0 e Wyl
1 IR0 o S 21 FEl R € g9 e 3 6
giifed w1 *fed 21 o feafadi & oy of A &
Th-TR o e Gueh o 8§ om: A ;- Hited
1 oy wLd &1 herka®y Giaeyu S R o
gig et 2l

2021-22



o i ITEEd

5.2 ST Sl

T 919 o ST0] A WA i T(d o BRI HEHE
Foft Sl Bl €1 8 Ie1ed o ATd o GHEA gt #)
T o U 1 STHA TSl Sl sl H1T B o HROT
g Il o T o foIT STREEN et 81wl o 3
T ST T wEd
5.3 STRT-ITMUAh FeT AT SHoHI
== Temam
A WA € o fau-enfuaes st Sfupefl i or-urE
@Al ©, W FH Sl S0 Rl - W g
21 Fo7 I qF SR AU o SR v wel
A S ST o Hed Held 1 IR 2|
3MfUeeh =4 fshan agd Sl &M ol STaen
T, & qh 19 HH Hich Soll A 7 I ST, q9 dh
370] Tr-E1e e fefa ® Y e & qen S e
T 21 TG I et ited gr sfaa € R W
Tl €, e SOH 370] UH-gH & 1A Fawe a1
ST € q SR AU ol SAferehad &1 Sl §, qey
IS A9 HH HTeh T[S T FOHEI FHoll hH I A
2, 9 19 & AEE § gfod fa S1 Hewhar g1 T
1o I A STIRnel B S Sell aur Sffuaeh
3T fopan T qeigwIfaan i 39 ot g e
el 3

H—> T —> 3

-3 ST fohal T qEuAIaa

< Tq€e—— 59 «—— 3
Eie i el cRIEG|

A HT Ol sTaEensti o AR o RN hl
&0 qd ® & THer 9ok €1 319 o9 e 9o 59 st
R 5o 1 37 reeenel o e siere et
TIER © US| ST STawRr T ST §H hel XM o

5.4 TE= sTawen
Ig 57 1 TedT ST 71 §9 310 YUl Sfereht
¥ 91g % He@rR ¥ g9 Td §, S 6 6 fagon g

139

21 B agAEd 1 GaQ A WA AAERER, S
Tecdd §el o g gealt ¥ St et 7, H Sfted =t
F | IIHEA i T Tdell TR AR Sfed o fag
Tl 1 98 WA BUN SRR fafen o w@n
FIA B TEH SESATHEISH, SEASEISH, Hiad
STIAFES, SeraTy A Sufterd et

319 TH 31T A Ui & SE HaeR W higd
FHU, S 99 TS <@ w1 g aRikefaE § T
e § Bl ¢ W yifefad § sterd |neft |
Fad 11 T 6 e@een § ©d © (Fod 5.4)1

b
e 1 gz 15|16 | 17 [ 18

H He

N | O| F | Ne

Cl | Ar

Kr

Xe

Rn
forT 5.4 1919 s1aee 4 @d 7@RE a7

efig sfereen w1 FreAfofaa difas qon gr =i
e S Tehal o—
o T sy Eited B 2
o T ueft fewned ¥ W T Ufta et €
o TGl qen gdl w1 o | TG w1 e ST
1 2l 2
o T W1 YA qen S siffYEd B 71 A
TS T ARG 99 SMHA ST ot B
o g fRE At W o O Yo ST
¥ qof fafya et 21
a9l ) el 39 a2 4 Uiefaa e @ 6
Tk SR oF Hed YU el T BN © | STeh
WA R @St T 1 A frEw e % Ao o o
7 gy w UG € T FS T (8- T,
ST, A9 T FAHH) Tgd Hewu ©, iR o
U o T G g1 T 1 ST I A HIdl 2
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T W o wed iqdey T fEml e e 2
Al @e B9 19 o e o ar o wiE|
5.5 i@ o TeEm

T o fem, TS eteER o 80w, T ok
iferer oIl W KT TraTfeRAl deh foRT T Wity ok ufomm
1 TG o6 2 TON W Hem foveE Wi Tl STt
Sefer a4 T 1662 | foren e =g frm, frge
I Sl feran, ‘staet 1 fam’ sheerd 21 918§
TH 91 o TR 5N 9 H 31 & YAl A 3T
framl &t @ieH o fau Swd el 9o A-qds w6
IRA foraml STENTE e ST SR A S
el & IR H 3 g |

5.5.1 Siget Rl =W (STa-3maaT deid )
3T YA o SR W e sl 39 56 W g9
for ¢ “feor a9 w | st Tafyera wmn (ereiq Het
T HEAT) W IE IR ATAGT o STRATTATH
BT 81" 38 ‘ot &1 Frm wed &) e w9 9
T 39 YR o o gehd 2

1
p < v (feeR T 91 n W) (5.1)

:>p=k1l

v (5.2)

3@ (p) M —>»

600K
400K
200K

v

AT (V) dm® —>»

ferT 5.5 (37) faf= aral W ©% 99 & 7 V a9l p
& g7 g%

ECIPERERIE]

T (p) IR —>

v

A (1/V) —>

a7 5.5 (a)ﬁw#waw%skwww

TET k, T feerih g1 fers k&1 7
T 1 A, T % qr9 9 $H A, fSe 5] p
O Ve fRT 9§, W SR s 81 e 5.2
%! Yedafted % W ed U € T
pV=Kk, (5.3)
it ‘ feer ar9 W T w1 e A 1 SEa qen
T 1 AR fEer g {1 Afs 9 w5t e
1 Feer A9 T <[« p, q2 @ V| H gEifa fohan
ST & (SR 3T v, e < P, 81 5, @ ‘s
o a9’ & TER

p,V,= p,V, = feertish (5.4)
p_Vs
p V. (5.5)

fo=1 5.5 9 919t o 790 &1 I YRR o T®E e
SN ST feman w71 T 5.5 (31) fafvm A w
T (5.3) F AF B k, FT OF TIF T &
foIT gerep-gerep €, iifer fordlt T o feu 7T gemm
% fau o8 Shael a9 & @iy uRafdd s 81 T
a% (Graph) f9 a9 & Fefq g1 39 WHATHT ok
(feer A9 =) B &1 359 9% =4 d19 W Hafud
B 1 T8 A < A o1 ¢ TR 9 T o < s
fopanl Sl €, o T o1 SITFdA | E Sl @1 |t
5.1, 300 K ® 0.09 Hi& CO, o 3T&aT T T o
TS 1 <A B
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|RUT 5.1 300 K W 0.09 Wit CO, o 3MEaT WX &T& &l U

T/ AT/ x/vy/ pv/
10* Pa 103 m3 m-3 102 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
fos 5.5 () pdAA 1/VSF T UF Hl T
P, = 0.2 bar ,

3 &1 e o g 9 et g8 et W@ B 3= 9
W I sigel & fRm o T g 81 e aRfef
o e o el Y@ e el e 2

T &9 4 S o T I8 fag e 7
for 9 ercaferes wdifed erdt €, wifn o ek 7 ok
fEu T g R Edifed feman s @, q9 SEen o7
T T O & 9 a9d I8 © T 5= g/ Wy
ferer WeA B S 81 |1Fel o o 61 ST
WG % <@ 91 TAqd % eI Teh Gae UIw 2l 2
RSN o STTIR B@ d, AT VAol §HE mH

Fay d=$%|zrﬁ:gwfwaaﬁmaaww

5.3 H § 7T 1 9 36 G § W@, d1 g4 I8 Ha
Yo B B—

(o)
I8 Ui e 7 ff feer amm w g o ffvea
ST 1 6 T o GEHEA Bl g

ISR 5.1
S oft 81, T TR § W ok d9 R IRSSH
79 ol S €1 AfE < R 0.2 bar AU
T o S 7, A € [eEaR Fe S =1 AR 1
bar T W T 2.27 L 3@ 9 €, @t fepe
I % TR hl FeAr™l ST Hehdl €2

k3l

et o 8 p, V,=p, V,
I p, =1 bar @, V, =2.27 L,

v, - Vv, _1 bar 2.27 L=11'35 L
Dy 0.2 bar

<fF TR 0.2 bar € W Fe [T €, 9T
39 (SR &) 11.35 L 3T dsh FoARl S
el 2|

5.5.2 <ed ehT a9 (ara-31maa daer )

TN qehleh &l S a9 o faq =med e
o 3 T R fafe= wEn fe) SR e EYE
e ® fop fer <@ R fifvea goqum areft |
A 19 S W Sl a1 q1q ¥ HE I T 8
I U foh a0 w1 g feilt § gfg 9w
fafea A o oTEAe | 3WeR 0° C A9 o Aad |
%é’ﬁmaﬁq@%ﬁ%mﬁw&owmﬁcm
forell 9 1 SEEE wET: V, 9V, @, @
t

V=V +—__V
t ©  9273.15 °
=V, =VO[1+ t ]
273.15
v - [273.15+t]
¢~ Yol T97315 (5.6)

3q frrfa o &9 A9 oF U U HIUshH i 39 THR
fauifi s 2 foF U AT9shA H t°C &I T, = 273.15
+t T 0°C &I T, =273.15 §N f&a <l €1 39 ¢
9 HI9HH i hica™ dTd UIUehW 37l UIH dTq
(Absolute Temperature) HIAhH TEd %I
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31d: Ufead ATIHH W 0°C; WYY HTIHT T
273.15 K o SIa Bid1 81 23 3 9 e ¥ © T
TIW AT HIUShA H A9 okl forad awe feult o fog
T WA T T S 81 hfee A w1 arg
T SN WU o Fed &1 HH ST JIF
JfTE w0 § fEen S R

37q: WfeTo TRy 9 hfea ATIsHH e i
o fore & 273 (eifue Uiy &9 ° 273.15) g <
g1 afs T 5.6 W #H T =273.15 + t T T, =
273.15 for@, @ frefafea dee 9 g 2—

T,
Vi =V, (_tj
TO
LV T
v, T, (5.7)
3d: Tk G GHIHOT 39 YRR foran S 2—
V2 —_ T2
v, T, (5.8)
VvV,
T, T,
vV o
= feertien =k, (5.9)
o V=k,T (5.10)
N
P
T P<P<P<P,
__iéjé;a.15' T T T ?
-300 -200 -100 0 100
a9 ('C) —>

farT 5.6 37Fd7 U @9 (°C) & T IRG

e fagm

feorTer k, 1 WM 9 1 96, 19 & @ qen
9% s (od emea v o= fbn e ?) @
fauifta feran st 21

IR (5.10) =ed o | 1 o &9
g, W =R W ® T fem e wouw oWt
Tafyora amn &1 THET SHSR WXW AT ok [Tt
Frar 81 =+ e foR fw e ge W aw (Sferes
) qe A o HeA UE Wl W@ 6 el 21 3R 9
3T Tk deH W W& W@ i 318 % -273.15 °C
W 3fd: G S 1 fafe e W et W e e
IIe B §, W Y A W YT @l qd-378 T
-273.15 °C W frerdt @ (fot 5.6)1

qTY AT AT oF HeF UTH i Tk @I hi
HHSTS 1@ HEd 2| A THIH 5.6 § t o A i
—273.15°C BRI = 3, ql =1l o Y&l <l e
fehan T Tk @1 W <@d € FoR foREl T et
~273.15 °C W Y[ € Sl B1 3T a9 T © R
T o1 e e @l €1 ard | 39 a9 W uged
T 7d € Yok T o e S €1 9% Aq HierTh
ara, fSRImR 9 S ST =Refl 7, 1 U0 I (Ab-
solute Zero) Eh?ﬁ%l 9gd H T qAT I== 9 T
g% 19 ‘afEd & FEH’ # 9e S

IAEIUT 5.2
Yd HEMPR § TH oS dod 999
23.4°C W T &R i 2L a1F ¥ 9 T 5
TS &8 WeTENR, SEl 9 26.1°C W g €,
T YA, T TSR HT STEAH T T 2
'
V,=2L T,=26.1+273
T,=(23.4+273)K = 299.1K

=296.4 K

e o FREmER

Vi Yy VT
T, T T

_2Lx299.1K

= V,= =2Lx1.009=2.018 L
296.4K
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5.5.3 T-o@er Trom (Sre-amg deier)
Tereferd areel o 2Rl | < U WHE @l 8, W
Tl % Tl o 98 srciush S Wil @1 A e W
TS e HHMEITS el fohan ST, af 2R %e S|
el o foi o &9 U € foF o oF TR <
Y B S | A9 TS T o HeA g Hel i
SR - ¥ W e, R o frem
w8 Sl 1 38 IAR— “feer e W et
THfYera wrm ool i/ T I SEeR IEAT
[T g g1 e w9 H-

\Y4 .

—=Temiw=k,

T

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

0 100 200 300 400
a9 (K) —>
fa 5.7 : U 9 & <9 99 @9 (K) & He IRE
(GH-3TFa 3RE)

3T Ha¥ Kl 919 oh 99 91 =1ed o 98 g
oft frefya foran S Herar 31 R dier 3dd ™ <@
qe A9 (Shfee) oF Heg @ i fo 5.7 § <9I
T 21 ST YOF 1@ F HEEE wEd B

5.5.4 TERTEr = ( ATAAE-HTAT Teiel )
T 1811 ¥ el o S=fh STENTS! 5 STeed &
] fagid 9 gl g e fagid %

143

g feht § W aRered 31, o™ strermgr fem’
o ¥4 H WM 91 81 3Tk STHR— a9 a°T STel hl
A aftfafaal § TaE stEda-earen e § g
HEA | 0] B | gHHT qeqd Te © fon W a9 ue
T feor Teal @, df 9 1 SAEd SHok STust i
T W A1 3 USR] ¥ I ) A X HeR e 7
ot &9 § &9 fom dehd -

Ven (S&f n 19 & A &1 9@ 7)

V=Kn (5.11)

Th WA T W S H W 6.023x10%
frerifta =1 € 2, fo  smang) feeis’ wed €1 9
T8l e ©, fSas saren w1 4 Hie 1 g
o Hed § T w2

<tk 9 T STEEH el H G@A o G
B, 37d: Ued 19 1 T Hidd, W 1 TS e
(STP)*, foet are9d 273.15 K @ 1 bar (10°
Pascal) idl &, GHM SRGT W&l 81 STP W 37y
T w1 HieR 3 22.7 Lmol ! Bl 81 s 6l
Hier e groft 5.2 | faan e g

|RUM 5.2 : 273.15 K 4T 1 bar (STP) W &S
& & forex ufa Wi § Hiew-smaa

S 22.37
T SEAFAES 22.54
I ER ECSE| 22.69
EECICRISE] 22.69
SIEHESIEE 22.72
RS 22.71

T 119 o Hidll 1 §&A FT A TG YRR FI
Eifk=Coi -

m
n=—

v (5.12)
&l m = U % SNH T 1 gHHE adl
HeR §99ME ©, o7d:

V:k4% (5.13)

* STP-URY H STP ! YR 0° §. e | Bar W ol 39 YR o TIHR STP W €Y 4 1 AR A¥aA 22.4138

Litre mol! &l 21

s UREYT a10 TE arel (SATP) w1 uiftefadl oo o=t &w@l W o) et @, el STP uRftef@ 4 aread 298.15 K
9 1 Bar (10° Pascal) @1 3%@:, STP (1 &R q@ 298.15 K) W M€ 19 &1 Hiel &9 24.789 Litre mol! =il 21
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THIRIT 5.13 1 TH YhR GAGATET fRal ST Fehdl
=

(5.14)

el d T 1 e B T 5,14 § g e
freperd & T frell 19 w1 e 39k Hiel §oavM
1 FHEI g 2l

T 19, S S & FEm, =l o e qen
TR o T w1 quld: dre et €, omeet
FEAd! B T8 19 FHiedfeh &1 TH A7 S § o
et T ok St oF He o SHAW-STUE o
Sufeerd & B4 € ardfaw 19 chad @ fawi
TRt |, e 3= 9a Wi ®9 9 09 B
&, 3 Tl o1 e st €1 o el uRkfeurfaar o
T 37y Eer 4 fa=er et

5.6 3MEIT T AHIRIOT

e el fSent s1ee g9 ofe qeh Y ok ®, W
Teh WHISRIO o g0 SISl ST Hehel @1 39 1Syt |
HHHTOT FEd B

m
M=k, =k,d

1
TR TAAM N WM V=— T &1 g
p

R p M n W Ve T aT0H &1 91
feeR p @M TR Ve n @M &1 21

nT

3d: Vi (5.15)
p
T
V=Rn? (5.16)
R U GudIae feerish €1 GHiehior 5.16 i
AT i W EH U € T

pV=nRT (5.17)

_pPV
R="— (5.18)

R &1 ‘79 fordien ' ed €1 g8 9t 76l & forg
YA BT 81 37d: 34 wratek 9 Fradie ot wed
21 TR 5.17 1 STE9l TE HHEUT HEd B
iRt 5.18 @t @ fF R o1 A 39 SHEA W
R e ©, TS99 p, v den T i |91 S 21 Al
gffertor § 19 =) F@ e, A =i i UM &S
Gehdl ¢ 39 THR0 9 B Ed © foh TR a

WA faam

T R R 19 o n Hiel T9F 3TREH W@ ©, FiH

nRT .
V=7 Tl n, R, T a1 p Teor 21 5 ot 19 =1

RN ey SE8R o T BIdl 8, d T8 HHiH
et sft g W N e Tt 71 STP URftfaar o
(273.15 K @1 | bar @) TH Hicd AR 19
@A 22.7 Litre mol ™! Bl €1 37 uRfefae o ww
Hiel et 19 o R o M %1 0T 39 TR 1 S
Hehdl B—

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

_ (10° Nm)(22.71 x10° m?)

~ (1lmoD(273.15 K)

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

=8.314 X 102 bar L K'! mol*!

=8.314 J K''mol!

STP afRfEfaai (0°C qe 1 IgHSHd Td) W
R &1 AM = 8.20578 x 102 L atm K-'mol! gl

2l

smeet | et 1 Hay 39 9R w0 9 @
frdt /9 &1 ST H1 AN HA &l Id: =W
JTereelT WHteRTuT off wEd 2|

el STEY T TR WY fomm ) 7 =R
o THeIe IRede o faw 21 afg feet ffvea amn
I T BT AW T, SV, T IE p, W T, V,
qM p, T GREfd g T, @ 59 fore wed § f

pV P,V
—_— = _—= nR
T, RS
bV _ PV,
= T, T, (5.19)

T 5.19 TH ST THH ¢ A ST
D: 90 W W U SR oh WH A e, a ST =R ]
O] G (5.19) BRI T ST Hehell 21 26 THIHOT
! Hgem | Fem e 2
IEATT 5.3

25°C 1 760 mm (Hg) IT9 W T T 600 mL
A IRt B R o TN W, W@l dm

10°C. 3FdT 640 mL 2, 19 1 <@ R 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

. PV _ PV
T T e o STER T T,
_pViT,
= P2 "y,
(760mm Hg) x (600mL) x (283 K)
= Dy =

(640mL) x (298K)
= p, = 676.6 mm (Hg)
5.6.1 THS uaTel Rt U9 TS Hiew

T
el T GHIHTO T YA i WOEH U §

n__np

V RT
nﬁ%wﬁwﬁmw@rmmm%ﬁ
_m __ P

MV RT (5.20)
d _p o

M- Rr (e d ¥ ?) (5.21)
HHIRT (5.21) 1 [FHARd T W 0 TH

19 & HieR SIEE H A 6 o foa fefafed
T U W § —
dRT

M=——

D (5.22)

5.6.2 ST Rl 3MMT9Th S hT W

9 I &1 i1 Sfeed 7§ 99 1801 ¥ gfawiisa fwam
Thoh TR 1= Temam | fardis Tt o fasror or
Hel ST Uk T o 3T1YTeR ST90 o INT o STe
BT €1 219fq 9 I 9 T WG kI 99 KT GHM
TRfefal #, 99H STad arel U § JUeh-Jeeg §]
fman S €, 7O T g 3o R T e
NMfYTeR I hed €1 T Y 6
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P = PP DG * s (feR T, VW) (5.23)

Sl p,__ T % fasml %1 el < & @ p,, p,,
psﬁu‘faw#mm%

G} ! WHIE: S o SO TS TR S 2
q: 4 W Bl &1 T T, fe steary ot g
2, o aToIeTe § § STelarsIeTe S W Yk 9 ok S
1 TOMAT T S Ghdl &1 I gR1 T SHeTel
T HI AT qrE’ Hed 81 fafiE ag W S o
AT ae Wi ARl 5.3 F T e 2

p B NIREGEIC]

o i P

(5.24)

|RuT 5.3 Tafis ag W ST sl Selid ae ( ar-ame )

ClE VA LY
0.0260

STd/bar
0.0060

qm /K
273.15

da/K
295.15

283.15 0.0121 297.15 0.0295

288.15 0.0168 299.15 0.0331

281 .15 0.0204 301.15 0.0372

293.15 0.0230 303.15 0.0418

e 3197 oF ®Y W TR STEa—TH1 a9 T |
VA D GE i (o e | e i A £ e o sl R ol = = B
P, P,y 991 p, %T@'T‘T%:%?ﬁ

D v (5.25)
n,RT

b, = v (5.26)
ngRT

ps=—y (5.27)
Sl n, n,, 91 n, T 146 % Wil B gen §
Py = DT P+ Dy

RT RT RT
= — 4Ny, — + Ny —
\% \% \%

=(n+n+n)E (5.28)
1 2 3 V

p, ¥ p_ 4 AT < W BH U B feR—

) n )RTV
_[n1+n2+n3 RTV

Protal

S n=n1+n2+n3

x, Tl e TH 1 6 A F 2
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Er’l'd:p1=x1pW

T TR 31 < i o forg & w form weRd -

Py =%, Py WM py = X,p

d: Ueh WM GHIHIOT i 39 YR fomar <
TRl B—

P;= X Doy (5.29)

Sl p, T x, i W % FHHA: SOH 9 SR
A 319 €1 Al TGl & M990 w1 Fe <@ 9@ @, @
HIERTOT 5.29 o R Yeeh T W Seqd AT Tl i
@ T S wepan B

3aTEYUT 5.4

THh AAH-eEstiesE faso °§ 70.6 U™
STZSTRAIST Tl 167.5 U™ i B, 9% e ok
a1 1 % I@ 25 bar B, @ fago 7 a7
qAT STRATHASH 1 I & AT B2
&

SrsiiE % el # gen = — 008
32 gmol™
=2.21 mol
et % Tt 1 wen = _107-98
20 g mol™’
= 8.375 mol
- . 221
SR o e S 2.21+8.375
_ 221 oo
10585 _ 021
8.29
=< -0.79
A o5 Al ST o)

3 &Y § 3T 1 A 39 =1-0.21=0.79
T 1 AIH T = WA A x pA
SRS T SR <7

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

i 1 AR <7

=0.79 X 25 (bar) = 19.75 (bar)

e fagm

5.7 Tfast Sl WA 3T0Teh  ITfd

T o 370] PR A X wd 21 I R T
Tg A9 § 3R UH HI AR & WA THA &
et e S A A S e A
Tl 21 safee feret off eror weft srupeti R i
SR Foll Tk HHH TEl Bl T TH SIS i
Tfq T ohael Hd A & A B Fehd § AR
H‘ﬂﬁﬁnﬂ@ﬁﬂaﬁﬂmuuu ....... u,
g @ erpel @7 sfEa R, u 1 i
YR § A <1 g 2

U IR a4 weia fear
Tfqal o1 ardfeh foawor T o enfves SeaHE
AR a9 R R L 81 Jeeed 3 g off T
T 9 ST 1 G @ w o AU Th
T H geA fha- foa-s8 # = oAt T
R T, W 0 F Hen iR enfraw wfa %
e WH <A T 7| WE H @ e afaa &
foqeor =1 Tfaa 1 Hegod-siees oo
Fed B

afrea
T R (u,) T,>T,
muﬂm
B < T A (,0)
Bl r=
B | =
E
(0,0)

e 5.8 Tl 1 FFFEA-FieeTarT faaRor
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% F 91 =il ¢ T aga eife iR gd
%0 Tfd dre YU w GEN 9gd HH e ¢l
e w1 o fag 9w Tfa W&l @ © S
AR A H T F1oTH N H sl
"ot M, 0, Fed €1 e S H siea T
% =gd e Bl 1 A9 sgH © afd G Tfa
g Sl 21 38 ARl S g W T faawo
ook Wigl € Sl €1 9k 1 el e e €
for sifyer wifa & A (Ut &1 9@ 98
B A w1 oo et o serwH W oo R
F T THE d W 3AfUF FoAAE aret v
F Tfd ek TS w1 g i w6 2
Serewned, §UM d9 W geeh AIEeeH S0 i
FARA et W a9 A wed {1 ord: fedt oft
ST T A9 W AESSH oF SAUST & A FAA
T S o e @ etfues Bl €1 aidA
R oM o et 1 A & faaer
fo=-5.9 ¥ 3f@ul FEfa foeelt off 99 W ST
#1 froft fa ofafda &t wdt @ ® afet @0
famo s&t wa

u,,, FH % fag

S cfcaliec |

afvass Mfa -

ferT 5.9 300 K a9 W FART 3R ArEeie o sropsi
&t Tt &1 v

T WA © T fordl 0 &) wifas e &l
Trefefaa sase g fean s 8-
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Tlﬁm%ﬁzémf
sfeTT afs &9 19 o U1 i Gl @ |

o T SHd T S, %muz,srrﬂaﬁ
A el weft et W ol o o % ofwm,
W2 P eIl BNl W YRR 9 welRE
IERIS 5 i

— 2 2 2
2o Wttt u,

n

et o ot w1 ofed T ok etuped Wi siEd
Tfast el T Hiem A9 B 21 A e W faa ok
it & SfHd A T oiEe o qf ®H a1 S
M 9T Bl @ 9 At Hured Tid IR e fa
Y fu=1 i1 21 38 Tfd 1 o /1&gt O (Root
mean square speed) Fed & 3R 30 Frfafad
RN ECIS I

it e g o, e T SR efq e
wfa ¥ fefafea day e 2-

u,>u >
AT i T e fefetEa g 2l

uouou 1:1.128:1.224

mp”

5.8 TAT kT ITURTaer fagia

T& 99 o Tl (s e, =red fam anfe)
1 ST TRl S SieR] g0 TEU 7T yrefieR qei
o1 Wi oM €1 T S fareE s wen ST
FE W EH UM ¢ Tk T e fafi= aftfefa o
Y SRR FA ¢ 5 YT qe Tfid 8 9
e e
T YR F HIER F il 22 Igeonyd — Ty
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7o 7a € & 51 < s < 7, 79 T gifed
Bt 8, W g9 78 i S =i R s i wditea
1 Sl €, T4 $Hoh AMUaeh TR T 1 Bl 82 39
YA % SW <A o fou uw fagia sAEn e aw
fagid gAR Tocishl &1 =8 O WHEH H TH

e fagm

fafma & g 7, erefq fafere erop &1 wef o
TfRerd 81 Tehdl ¥, W el Sl LR o Tt 1 T
TR 39 qea W NG € o 7 o1 T vider
) SO TE B €1 4TS T ok STupAl i T Beh S,
q o THS B SIUN, S orEdtaeh Y& o faodia @

Hied &1 w1 *al 21 9 fagm, it T % FeaEn
T TIHTOT 31 ©, T o1 AU Togia’ e
21 7TE WHEE qe SNfvesh fagia w1 WER

i o eyupfa fagid o @ e = e
T €1 A AR S 0] qe WA § Heifed €,
el 3@ F& S wehar ?1 em: A fagrid A9 %
gereelt gfaey €1 el o sroptfa fagia W et
UM G STHH Seh TrETTeh Yerol o STT&d B ©
A 39 HiSd o WIS ®Y i TG B § —

T stfueh e o guEd SO (YTETI] A1 S70])
Y et o Bt 1 A w1 S BR-DBR Al g
R B € T Tg-27upel 1 el e Sk T
o o T 1 qor ® g g 21 e e
i 1 Ie GHEHAT HI ST HLT B

Y= A9 TS < W TH-F0N % Heg e
SHYT I T B 7| 9 ARFEN BT SHR T 7
o T FIRa Bt 3ok foIu, STersy T <Rl qofa:
B WAl € qe1 HErE 99 Ud g™ W seiehd el
Bt 7

9 % U AR Wik STEee H wd g 9
3 07 feer sraEen | B, a1 19 U fvea asfa
TR T T, T e Uik e e 2

I o 01 Yook T feen o el Y@ o e
T WA 1 ST T o <R A e o e o
%1 R ¥ THUd @d €| 119 o gR Scad e, U i
Rl R 79 ok 37upel gR R T weRl 61 ufemm
g 1

T o U o WeA Werg YUt : Yo B
T I I8 7 TF Toee & i U wvE STt
Foll TUE @l T HeeE W AUl oF HeA Tl i

gfaepet SrI

ot ot w1 1 ok fafis Hoi o1 o fam-fim
Bl B Foraey fafie Tfas F¢ Bt B1 98 qed
& Sk ol W ufted 81 W €1 A @l syoped ok
YRR oF 99 B, @ W FEeL % ITA ST
THET G Bl S 21 aRomed: $9eh o -
g S B F€ o7 OAR uiEtad e @l 21 56k
e fAfy= a9 W o o faate guE a2

g weh 219 & Tl am B €, o SEeh! fafv
Tfgs e gift U afifeufael o &9 Shaa ofted
TS Sl Y A W WA &1 A fagia | wE
A1 T @ TR T o erupeti skt otidd TSt STl SUeh
A 19 % GEEI B ?1 TE <@ e f A
TG T T 1 YER Bl € TS 97 3o TEer @
W, 1 < a5 © (Tl 9 N-ggden 1 FE) | T
1 T fFY SH W FON HI S S a9 S €,
f5E8 3 a1 Hor W Al a5 ¥ TE@R FW 2
TeTd: SR < S Bl 2l

i w1 ST fagia gifaes 9 9 - 3TE
o HeA Hee qen i o Frem (fSee steme B gl
el § T goh €) o Hiaaed wd 2l

5.9 MEY HFAeR ¥ fase™

TGl 1 Hgifder giaed TS sEdiel & 94 2
HSTE qd S Bl B, ST 80 T8 S 1 FAH
Y & TF pV= nRT &1 Ga¥ e qoh T4 o qr9-
TE- ST o L G ] 9T W@ T 9 92 h
died &1 sgd & FeEmEER, fer @ ® pv fier
T e Ge pV 3R p o He4 @ o el @
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(S 3187 o GHAR ©) 9w 2 =nfew) (fe 5.10,)
273 K W fafvw 76 o aredfeos stfwel W e
T YRR o IR@ I 00T 2

pv —
T
®

0 PR
ferT 5.10 3R 9 G arsafa® 19 @& 8 pv aer p &
qeq SRE

e EFT U @ S Gehal ® T fEeR a9 W
arEdfers 6l & fq pv qen p o "e emd o
Treft T e T B B1 THH eyl TR |
forerer @ 3ar € aen < YR o o @ <d 2l
39 9% H SEeRgNH qo gifead o fou S« seH
W pV 1 A G Sl 21 e AAleeEe qe
T o forg fgdi™ YR o1 ok fHerdn 81 39 YR o
I H URY H 31eyl FdeR | FHoNcA foae faetan
21 T€ SgH W IR pV 1 A FH ElHL, =LA
TR dh TE <, TR Sigel § @R o7eel 7 6t Y@
N HTeh IR ST ferarer <9l 21 31d: e g
2 for ardferss T st faw, =ned e qen smEnms
forgm o1 qol: wrem weft fefaal § @ e 2

S qE-AFAT SR@ dier S §, qe STee
EeR § fa=er Sl 81 Sl 21 ordferss i oh
T Sra- 31 ST o WA 3iihe qer 3Tey 79
o forq st o FEEER dsifaes 9 %1 o
it B =few) fot 5.11 § 9% o f@m 21 3=
e T A A qRehford S 9 fues g €,
S T @ W HIfUd qe qReRfad T Th-TR
o FHY B 2
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ElrscCakic

| b

AFHA ——>

ferT 5.11 2%l 9 qer aredfaes 19 @ faw gE-3FaT
& g IRG

g1 <@ T TR arefos T g afifefaEr §
S, Fed qen STarmsr o frEm &1 gl uer e
Tl €1 3T Y T IHA B
@ 9 a7yl sHaer 4 fagem w9 gl 872
() o ®H & wRftufE € S T w5 ey 9@

forafea et 22

Iz &1 9 o 7o) fagia w1 sfemon w
AR &L, A1 89 37 UeHl b1 S e S g urd
& fom erop-Tifa frgia &1 < oo el el €1 9 B
(%) 19 o STupetl o Hed g SMRYU-al T Bl
(@) T o ST 1 SAFA TGRSR T A i
qor § wgd w9 Bl

AR () ohelel qe TEl ©, S T weft off
Selihd 7 81, elfeh 89 Sd & b 31 & W ae
Tifed e W T i geliha fehan ST Wehal ® qe
Td o e i Hifed &N wiad e €, et
TR I Ta TS B © R gew ot o st
o umdd 1 foiY i €1 A SfEa (w) el
2, A E-TEA e | ardfas T o grifier
3ffehe qen siFel o e W Sneid Hgifaes aiteher
TH-8 o HUNl g =16

arEereh T 1Yl e § foeer safee <
g, Fifer 210 emum § == fma # 81 SR
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ol ST I UE-UE @M 1 YA H ©, Seih
SeRtoT ot ST Sl TH-THR W g HE H TAH
F 71 Ied I W NG & 0] qof giaend ok @
S T R T T TR €, iR enfvash sty
I % HRU J dS H AR A AUST ok WY
AT 9cf Hegd FI 21 I8 TG ok S0 gRI qA
1 SR R I Tl 1 G Bl 71 oT: &t
9 % GRS I@ AR T % I Y FH A 2

an?

pmzpamf%va;+W
Uferd 3@, Hfa O
ﬁa@@ﬁ«%‘%l
zq feorfq o wiaerdor o1 ot @ & W 2
Hicrer e ST TR o | H et € qen e 370
Toh-gE o T Heh W Bl €, 79 3 Wik gl Sl
g1 7e frafd 3=9 T@ W S Bt 81 Hiaehu o
TUSTT R GeH, TR 19 TSl i Wi HTeR HH h
faw uf ed €1 et o g S T eTEad o
el B W@l €, Fifer 3] Voeread o feero o
WM W (V- nb) 3@ d famo &0 & fau
it &1 W €, el nb 79 o 37pel gRI R Y
SRl ST o oMW U 21 b U feee 71
<T@ A °h 3T GYIEAl ! 2AH H WA gl 'H
TR 5.17 i 36 YR for@ @ehd &—

(5.30)

2
[p+ ?2 ](V— nb) = nRT

(5.31)

THIHTOT 5.31 1 ‘ArETETel GHIHO! Fed Bl n
9 o Hidl 1 T Bl a T b aTetene feiE €,
SepT 7 19 o =i o W R e 21 a @
A 19 % STuET | Sfa0-ST[ SAHYU St 1 IRAT
&, S 9w ge W AR T e 2

U A9 W A ST-AF o el B I €,
Hifh 310 HH Sl ¥ T wW@ €, TEE A ey
Teh-TWR Y AR o G 59 B | Srdferh 19 e
ey R UERE Rl ¥, W& SHR-AH w
TR &Y § UG gl S| ardfesh T e ot et
SRR YR wLd €, S <« g & W)

WA faam

3T FER W fo=e™ i Giedal wRE Z g
AN ST Gehdl €, S p, V A1 nRT o TOFES
U el | g w9 o

- bV
nRT

(5.32)

eyl Tl o fore z = 1 e B, it @i A
Te T W pV = nRT &l 81 Z W6 p & A& M@
Hiem T el e g g €, S e 3187 o HHHIR
Bt 21 (o 5.12)1 57 7| § 2 1 9H e 9

Z= pV/nRT
P

v

0 1 1 1 1 1
200 400 600 800 1000
p/ &R

ford 5,12 ¥ 9 & gHiggar FRF ° TRadT

foafea e s 8, St eneefea o fomem <l )
et <@ W e gl T\ o feY Z ~ 1 ' 2
3 eyl T 1 Wifd SHEER wdl €, W 599 T4 W
TRt 4 o fow 2> 1 2 71 e1eiq 3 gdfed s
TS Bl €1 Tederd! <8 W Z < 1 Bl B 37 Sl
T G ST T SIEeH Sgd 3tfieh o, A arefaeh
T amast i it wifa sHaEr Svidt &, e
U fearfa ® ruail w1 SMEAT TIUR WAT S HehaAl
Rl 9 U= ¥ — W& <@ 9gd e B €, @ T
SRR AT ey 81 Sl 81 fohe < a7 aret
el &1 qreH ST, TE T H1 wehfa qen qh W
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R e 21 o' A, T i St T qEtw
T H AR H oA NH H A e w4 T,
I A9 1 St fog, Fead 1 T 19 1 §iae
fag 1@ =1 gpfa W feRk wxar 21 9t g @ W
ArEdfaes 119 STl 9 geTeHes forer swiidt @ 9o Z
1 A T 31T el €1 T[S W SRl et
Tgd &0 g € afFe fag @ A9 9@ 9en W
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Z= pVW
nRT

Ife g eyl syaer e,

v =nRT
e p
niTa?gﬂqHaﬁwWS.BﬁT@ﬁW%ﬂ

¥

(5.33)

Var&rﬁﬁ

Vi (5.34)
THIFIT 5.34 W T 7 T Htggan one T
o ardfaeh HioR SAFaq de SHT a9 T e W SA1esi
T o TieR ST 1 ST i 81 39 T 8 31
0 fop et qen 5o e | fade e §9a el
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5.10 7@l <At gaeRIoT
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T8 U 1 TR ardtass 1 e SRsiieEe o 99
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EER It &1 Urgsl A 2@ foh I=d a9 T goardt
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arfersk gl & den fag ¢ wrwt g €1 f9g ¢ W) gl
Gl 81 St ®1 qedwene I <6 g8 W g 9gd
FH Hifed BT € q91 Tk Afagem @ faed €1 v,
¥V, 9 R H ged wded p, W p, T B
rfergeror s © (Tt 5.13) 1 30.98°C (hifeaw am)
Y 9 YI® 9% TH YHR HI Yo TSR I €l
Y AT T kel &fast @l %I @arE § ghg el ¢l
wifaer fag w afast 9 s fag o foefi= &1 < 2
q: B9 3@d € o o 5.13 § fog A T srewen
1 YR w21 D o5 5o steen i w=fE
%, Saf 3@ fag 4 fo Tesgm ompfa § e
STEATFIES i 50 qfl TEa Sfereen Freereen | gl
21wt T feer 90 W wdtEd (HEard wdEd) W
e SEATFAES & UM FIEN TERE Hl 2l
STk = e+t <9t € o geitentor o forg i
1 Shifder ara @ = 37 foRa S Heha 21 Hifss @
o SAIRaH A9 gl 8, FrT geliehd 19 wem AR
fe@r <t ©1 ol T (ererfe 9 T, Sz % wE A
AR &I forere waf¥a edt €) o Seliehio &
fow am o @ o WY-wy yAt| guied SAavas
el €1 Hited, 79 % s % uE-u" o €,
Sfafeh A9 HH H H AU T TET HH B S €,
AT SHAO[H ST Tohan &1 = Tiferiten STopAr <Al
G-I R § 91 719 gelehd 8 St 81 Tk T
%a H 9 g9 1 19§ T g °§ ®d g uiatad
fepan ST Heha 1 SERONE— fo 5.13 W A9 sgH W
e 80 fSg A @ F 1 3R S €, 99 39 qoardt 9o
(31.1°C) & WeR TR qM W 19 = gdifed &
W fig G Aol 1 59 9YE €9 A9 %Y ok
Fealer = #1 $R fog D W € 99 @ 'w g
H &1 IR &% 8, 99 & &8 59 W gl @, g Hel
off Q yreemd sufterd & et € ARk W@ wRen
ifder a9 W HO Bl €, df 91 chael T @l
e o @l B

e fagm

37 59 e e sraeen § 9w (i) @
TG GIAcd STl i YgEHT o oI W9 e g9 o
T Tt I% R TEM | R S g ;59 Wl 1
& GufTd ®9 § @ S Ghdl &1 9 9, FHifde arg
T A A9 R B E (T SHHT AT TR SR
o B d ga aun 1 | fadg fea s e €, Hitw
=g Rfeafd o ga qen 9 aremeeen § 21 § ok |
grerenat o T favee W et a1 71 39 fagd
WA &1 erarefa § gw fed o fafy gmow
sraeena | fasie &t T Tehd B hifde ad W g |
39 1 UREdT Y Ul 9ad el §, a1 Wl W
Tk HIACAl T 21gYd B Sl € (@ 5.11.1)1
wifder a9 © = fHE ot 79 61 sheel < T@E
Feltehd fohal ST Hehel 21 39 3@ weref 1 a1 shed 2l
Hifger a9 | 9 FHra SEATFAEES &l HEA
STPIFAES oT5F’ e €1 Fo T o shifden feerishi

& HE EWROf 5.4 § fEu T R

HRUN 5.4 FS USTAT o whifdeh (EoRich

uaTet 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,0 647.1 220.6 0.0450
NH, 405.5 113.0 0.0723

30T 5.5

T T =it wifde q9 wEd 7, e
oRETer TG % YUl % HeA SHARIUH doll |
fasft e 21 s qen TeA eEsiiadEe %
Shifaeh 19 SHAY: 405.5K 991 304.10K 81 I
9 1 500K ¥ GHE! a9 9 FH X, d HE
o 9 Ted Feighd eni?

'

A T FAHIOT TS BNN, FAIfh TR
Shifder A9 U8 WIS & ST Shiee SIESTiEs
% ATl o foTu 3 stfurs siider s =i
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S.11 g 3TdEeT
T ST 1 qE |, T STeR § S{qUsTE 9
Aferer Yol B4 21 9ok 3] S UE-UE B § TR
3ok A e T Sgd W g1 ¢ g aRferfaEt
¥ g &1 gor | 9 1fus T9F e 2

Sal o 3T AT AHUT Tl gRI o T
€ wal 1 ot fAfed g @1 iR 1 TR
¥ guyep 7 B €, el %o o 370] Yok ®Y W A
F Td €, o 59 yafed @ €1 59 1 Tk I
Y TR I H Sl S Hehal € a1 g o ¥ 39 @
S €, SET 1 B ULU KT el 1 39 W H 8
59 o 5 TN, ST SIS, JESAHTE Al YA
1T |

5.11.1 drUeTd

Iz we fraifad a= &1 g9 9 1T ®9 @ 9 S
2, 1 59 1 pw A ST S I o WY S
1 T B YRY § 5o a1fd Bl © qefl ard o g
%9 W 9dg T @ ¢ @ (a9 I@) | ghg Bt
S B e THE UvEl de fer @ S © e
S-S Ud oar]-3TIEl oh Hed 9 fyd @l
Sl B TE SEEA] H ATEle W aTETE e
I TSI Fecldl €1 i oTsq i Fiehan a9 |
e erelt ©, o7d: Terelt 5o o arIerE Wi = i
9 19 1 Seoid HT SAEFF Bl 2

e 9l Gol UH H TRE fRA S €, 99 9%
AT HaE W STk el 81 Sl % o1 STOAE[e el
I o GHH & ST €, 99 PR A HT AR B
ST € AT SIS 379 URET § e ®9 § TEid gl
21 WYl 59 o Her arodieRtol i fefq i Seer’
Ed 2| o8 ad, TSEwR fHe 59 &1 arIee e gE
o THM B S §, F€ SH <@ W Fel 1 e
FHEAM T TP TH T o aoaE T 504
9T T 1 Tk ST S W I i HHR
WWW&%I?&WWhar@,ﬁaﬁmaﬁ
UHeh FaAATh %ed 8| el 59 %1 A saedis
A= FFUAIR ¥ FP FHH S0 8| % TF bar I
T SHeHd /| ¥ 9 HH Bl 8, Ad: Sl &
WH FELAIR 100°C (373K) §, Seifeh Heh Faeish
99.6°C (372.6K) &I
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900 4

800 A

760 -

700 A

600 4

500 A

amreE (Fafd Hg)

400 4

300 4

200 4

100 +
60 T
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1
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|
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|
|
1
1
1
1
1
1
1
|
|
1
|
|
|
1
1
1
1
1
|
|
]

T K T T T T
273 293 313 333 353 373
M (K)

ferT 5.14

= SAIY W SgHSHd T A Bl €, o:
HEAA i ol H 3o IHaie W §d HH ad W
Ieerdl 1 S TeTgl W STl %A aId W Seoldl §, 37d:
A 1 G o Tl U¥R Hehl 1 S BT
veal 81 fafhcaerl o vrea-fean | & e
SYHIUN ! i | IaTereht IMURTEd fohan i
2, it 3fferetd o Y@ W AR W T SgH o
o fafed wial o1 FaeiE o Wl

e B Ed 1 S U § Serd ©, a9 e el
BT 81 Tad A T S R oTougie sedr €1 IR |
e qe1 ATST % HeA U T - fears & R,
aiifeh 5ol oTod T gorl § AR He Bl 81 S-S
A9 TG Sl §, -9 Afuehiiees 379 ared yrereen
¥ qfafdd id € den o 1 = dear S g1 i
0] - e €, €: I FIRd B &1 W 5o qel
109 1 T GHM @ Sl €, 99 59 99 o ok HeA
1 HE-En egyd e S €1 Je ag ‘shifass ara’
el €, el =re g9 e 5.10 | Y g 2l

2021-22



154

5.11.2 Y=g A9 (Surface Tension)

Iz gdfafsd 927 & 9 U 1 SRR 707 T ol
&1 Tehd 1 9% Tag W hel S S TMewR qfirhT
& ®9 H F et 82 0 ok qd H gI F &
Yoeh-Jreh @ B & del "R Fehel W W g
forqen @l S &2 k¥Rt Teft i g9 o1 % Hueh |
A TR hiVTERT el § 59 wedl Ul Sadl i 22
3 gt e 59 o fafore o, 9 ‘gs-ama’
e €, o HRU B T1 5 o Tk G T 1] qeft
fegnatl ¥ THM SAHT Tl SIS HT § a1 TR
R oA I BT €, W Fag R e 370 31
= o STUETl oF HROT a9 oF 31T i SR STHHI o
aqwa el & (Tt 5.15) Fiifeh 3oh S 370] e
Bl

Hagl A :
59 H 3T H
3R
gt faemstt
" /ﬁSTIEFGfUT
—
ford 5.15 : 59 &1 ag W a7 §9 & 375 X7 377 |
SR aeT

T U TS I ATH B T A H ©, TR
o ULl TR =2 Tl A 1 AR Bl € AR IR et
o Tufeer S w1 ISl W o BN & it
TS o A W e I TE1 Bl s g6 i vgfd
TaE W HH 0] T I B T AR G H T 219] Tag
TR TR Gdg i F@ET ST df 3MHYI ol bl IR
FHE BN 3HG foAU Sl =qF Bt 21 fRe 5o &
Hag | Uik ghg o AU STavash S &l ‘U=
TSt FEd ©1 THH! THIE Jm > Bl 81 Hae W Gl
TE Tk @1 ! Tehich AAdE W o ol dAaed o1 i
‘gg-aE’ Ed &1 39 W v y () § Wi
T T ST ShTE kgs> q1 SITHE H Nm! €l

e fagm

21 fordl 59 &1 FIETaH SS&R a9 81 €, Sia SHHT
TS g feam @ 3 feurfa @ memefa s
FTA T A FROTF fo g Y S qon wehd Y 9%
TR BTl & AT hiel o 1801 e i TR Hieh
IR ST ST Wehdl ©1 TR TRy ST W = firerern
2 q1 5 1 TR el STHFT o T TAE A €,
ST TR ferehel o Sfrel €1 58 ‘i w1 Afi-ifersr’
(Fire-polishing) HEd %I

I53-TA1E o hRUT Teh h¥HTGeRl § 59 =adl
Al €1 5 gl 1 A9 Y <1 ], iR oI et
WA % &9 § 9% K1 GIg W el Sl 1 G ok
F0 TE-9 B4 §, FifE S H Udell WA
3-8 Sl &1 T8 IS a1 € § S g i
AT 1 T T 07 31 €| Teed-HH o SHROT gea
W BB 5L 3ifereR =ue e Sl §, TR Tectae
e H §¢ gof TR gt 2

To-q9E 1 URANT FE o6 SR o HEF
AR Fell W R e 1 S sreRvu-ae St
Bl ©, T JSS-aTel 31fersh Bl €1 A " W YU
FI TaS-Sol a8 W € qe SR SIveh fRar i
FIferdT | €l St B S A9 g W YRS wH
SIS

5.11.3 JIAAT

Ig Al 1 SARTAEITR U1 T1 S ok YaTE ki T
A Sd WA HI R ThH-SH & SR T €, 76 57k
T IO U] g o HIY I YAl HEd 2| HH
UL S WA Yool SN MUk el o SRl Bl ©
S TRell 1 Teh E1 e T € SN Sk Th—gE W
Hoe 1 Gy L B

9 59 1 YaTE foRd fEeR §dE W e ©, a4
39 (39) H 98 A, S GqE % G § e T,
ol B S B S-S T Wl 9 S el w6
T Tt Sl ®, SR IR <1 S Sgell Sl €1 37
9 YR 1 YO8, 90 T T ¥ TH Ta h1 o
THUYT: Al el Sl ®, T Yore ! sheeldl g1 At
g9 Yalted 59 o fordt ot wa &1 94 (fod 5.16) @
ST FIU WA THHT AT Gl €, Sefeh el W
AT H FH F 2
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ifl

=7

u+du

Y
/

AJ 0

faT 5.16 : TOF Y€ T a7 HT G0

RIEE dz TR T 1 o du IRafdd el €, a5

Wﬁ%@mmw%qﬁf%mﬁ

AT TEH o foAU U ot 1 STevashdl gl 81 98 §a
HUehgad TRdl o & qefl aT-YAUl o WHIA
Bl 2
HA: Foc A (A HIH &1 85 B)

du

Fo—
dz

(Qﬁg—z AT-yaUr 7, efq g ok @ o o
afada 21)
du

F « A.d— F=nA—
dz dz

Tl n T g feeie ¥, f ‘varar qunis’

FEd | Tl sk € ot §, W& S-Jaorl qef
Hqeh &1 &T%he 3H1S Il 39 ThR 1) fommifaar &t
A1 1 foreapifi sk 1 SI SRS | =2 Hehe wfd
THISE, (Nsm2), 37efiq IRehe] T6he Pas = lkgm'! s!
2l cgs TS W TAMQl OTF HT THE RS (HEH
ST <A ogd qrEsSiel o W W)

1 poise=1gcm's?=10"kg m's™

YA $feh BH TR E9 1 YA 9gd R B
2| TESISH ¢ a1 FIeaed ol o RO TorehTiad
9% STt 21 i T A Faufadr 59 81 98 a1 v
a1 € fop guoh stferenter o1 S @ firerd B

A9 9GF W T H O FH e S R,
Fifeh 2AHH AT W UL T TIfast Hell AHH Bt
g, TSE8 S ool Rl WA H TH-TE W
fhgerdt 2
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e fagm

QRIIT

%54 o HUI oh HeA ST ot &4 ¢ ¥ 9 1 fawid Saferd St o HeA S i Al fEer S
Iat @ o= & € W @ 3 T 9ol wi o wwfed T B §, S Tewdstd a9 H I WA H o
@l 31 SSHIF Sl qe ARV ST foRar o weA Wfigfgdr woa i stemen &t fuifd w71 54
T U1 (S TG T HeER, S qe 3Gl ok U7 S ST STaEen | Uied, STaEdl Hull qer 3ok TeA
= fepan IR FeRk ohed €1 =1l o Tt 0T SUehT ferell o URedd | gt el e €, W Sehi
fopameficran ifash stareen W fasft et 21

T ok STUETl oF Hed MRYU-aet 1fd =7 €A & qe ST Tk pfd W et feRk T
&1 D Yol uT (SH— 7@, S, A9 91 STHH) h SFarear 3 Wi oy srereE o Suwd
fafi= g fram K siae & fFauRer gaand ol § e e defq ard 1@ %1 e 380k s
o SRHA Blal &1 el o1 e e uRfefi o e qen W q1g o Hed Gelel i Sl 2
Tk TR, fondt ffsea Fefa arelt 19 1 e 39 Wy 919 o GHME B 21 9k 719 1 yRfas
mpl,vlawqﬁuﬁﬁaﬁmawvﬁaﬁqﬁpz,vzﬁTzﬁmm,aﬁﬁWﬁ$qw

il 1 g o g e E S = P #e 4 a o ee mam A A
Fadl =R TG FoRaT ST Gehdl €1 ARSI o STAR, 19 U& <19 1 GaH aRfeerfe § 49 o g0 e
H erupsii 1 G oft THE et 21 leed o 1Yk S o FramaaR, sifwarsiict 9l o fago %1 Fel <@
STk SR T ok A ok SIS BT €, 27 AT, Te, SAFA 91 Wil i HEA o 9o sadey g &
Fraee 1 (9l e 21 38 ‘79 1 Sferee Yo’ hed B STey 9 o foy STaee §Hiehl pv =
nRTEIA €, STel R 719 feerier 21 e, 3TIa a0 a9 sl gt T8 3ohT$ W gHeh1 9 Fe 6z 21

=9 T AT FHH A9 T TG ok AT % T AUk -ad Yol 81 S §, Fifeh A 0] -9
3 S B1 A9 T <@ h SUge qRifaa o 19 i et foma S Gehdl €1 89 i i ST & §
g R Glte STee HMN ST Gehdl €1 Yol Sk TRHU-ell o HRUT 5 & F 01 TsS-c1el, T
g )

AHEH

51 30°H. T 1 bar & W ag o 500 dm® 3T &l 200 dm’® T Fiifed & o fau fea
IAqH T4 I STALIHRAT B2

52 35°W. 99 9 1.2 bar ¥& W 120 mL 1Rl ot 6 § 79 6t ffywa wen of 21 a9fg 350
Y. R 9 A1 180 mL 1Rl oTel Foleeh o TMiaRa feman e €, af 719 w1 g @1 gn?

53 STEE-WHIHTOT 1 IUANT Hid U T HITSC for Y T a9 W T 1 S 19 ok <& 5
G B 2

54 0°C W A1 2 bar @ W fHEl 19 o HATwAES 61 T 5 bar <6 T SEAEISH oh S
% GHA T, ql g T ST-9R F 22

55 27°W. W UH UM 3TEY 119 1 T 2 bar B & HH 99 T <€ W TEH & UM S 19
et STt €, A1 <19 3 bar B S #1 3 TGl % SI0-9R H Hey Tfuq i)

56 Tl "R HT 9l S99 B geH A H UgfAtEm B 21 98 e |t ¥ R
STEEESISH T8 <1 81 9% 1 bar @1 20°C @9 W 0.15 T Uelfafem sifafsan san,
frifq SEeEsem o1 Fad 1 Bim?
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57  Af27°C. W9 dm’® HIRAmETe Tk | 3.2 U9 WO G0 4.4 UMW e SE3iTIEe o1 s
81, @ TR @ FA B2

58 27°C AU W 9E | folel o W | 0.7 bar W 2.0 feeX SEaifasH aen 0.8 bar W 0.5 L
TEEESISH ®1 9 SA1 €, a1 Eg 07 %1 <@ @ g

59 AT 27°C d9 G 2 bar ¥ W Tk 1 1 S 5.46 g dm’ 8, @ STP W Heh1 S o1
ghm?

510 I 546°C @M 0.1 bar T8 W 34.05 mL FEHRT aT5T HT 9R 0.0625 g T, A HIEHRE H HeRk
AT FT 2

511 T foneff 27°C R A 9= o Fomen | stfafohan-fHsimn Sfer o T o1 39 WAk i
ST W @ T E THE qvErd 39 ST o 1 STEHrd g1l U SATTHTdl 1 HRT
Y TSR 1 A9 477°C A1 379 FasC o a1g w1 fohan 9 v § ame fara

512 3.32 bar W5 dm’® 3P SRAGTE 4.0 mol T o 1T 1 TUMT HIfSQ
(R=0.83 bar dm® mol ™)

513 1.4 g SEAEISH 19 o Sufterd el Soiaql 1 GEAT &l MO Hifey)

514 A TH Fohs H 10" T o A foaafa fhu ST, af Aemmei-ge o SR g fadia e
o foha 999 om?

515 27°C @M W 1 dm’ STEATER TOF | 8 T SESTRISH a1 4 TH SReEesH o e
%1 A @ feRa B2

5.16 TR o AR qen foreenfyd o1 % 9R o 3R i ‘Uelig’ ®Ed €1 AfE 27°C W 10m B
TR ¥ 1.66 bar W 100 kg Efera™ W S, a1 Ueiie &I UM HIfQ| (A 1 T
=1.2 gmm™ T R = 0.083 bar dm® mol™")

517 31.1 C @ | bar € W 8.8 TH CO, N X T SAF H1 TIHI hifsq]
R =0.083 bar L mol!

518 HHH @ R TR 9 o 2.9 g SAHM 1 95°C AT 0.184 g SEEREISH 1 17°C W
U 2| ST {6 9 1 Hier SeFEE 4 B2

519 T bar 3@ T SEEESSH qU1 SESAFSH o A0 § 20% TEEESSH (YR §) W@ Sl
2, Tl SreEeISE 1 SR e A B2

520 pV2T2/n Ufe1 o fau SI so1E 1 &it?

521 =ed o f7aW & STHR W THART & =JFam T a9 -273°C B 2

520 hieH STZATFATEES Al HYF 1 shifdeh 19 HAI: 31.1°C Td -81.9°C 81 578 | Fered yaret
IR efveeh ol € e A2

523 di-eteTed gl i Hifde @nefemdar i qHEEy)
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