T i ERAT

STATES OF MATTER

ERE)

TH Uoheh o 3149 o oI5 3MT—

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

e N N e IR
37eet T oF SeRR @ fFERE e
o} skl == Y Tehl;

ardfaes Sitaq @1 fafu=T aitfeafaai |

T Frawl 1 STyge Y HWehl;

ftfeerfaai &t A X Wohl;

T qen go ot § faiawar i
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efter arereen qe &y § fI8E T Tohtl;

AT STHRUV o UR T 54
o T[UT Rl T HT Feh|

11084CHO5

fira & w@weit feaervT Rt A7 &1 ] 9 1E &1 urd agt aifies avl
e 3Rt 3% AT 3T UgTSt @il U7 s@gd Fl @t witer aar &

NS 3T HIAR

=
T T o 1Al H 6 S50 o Ush U Y Heilerd O S RAfveh
Y, SF TEed!, e STaY S, 3TfUeeh TR, gl 377
w1 A foRan TaEfe 9 o sifueeer ufea Tored, fe EH
uRferd €, %51 o T O o1 Trefua e €, svefa o o S ae
GeT  uh el WAE A1 S % wE ¥ Hat[ g e
IS 59 1 Fah T o1y e, eifug S THe Seerd @1 el
T 1 01 STl o ST o THE 1 Bl © Tk 310] Rl el Wl 9%
& ®9 H, Sl U 39 §; 59 ST § d1 a1 37e 99 o ®9 H N6
arereen H stfidcd W & 81 9%, St 9o oo H sifaes or fae-fre
BT 1 A 2T sTerened § St o IEEE Heed H,0 & Tl 81 S
ST T STerenat o TUTH el o STU3H ohi Ssll Al 39k T | T
B o YR T R d B 98 31 uerell o fau ot we g

ot Trel o TEmEfe e SEent fifde sreeen uRefdd e
¥ uftafda & € €, W THEtn Sl w5t S i st W
99 S €1 FHR-wlt T o sfiehel i TUAT B HHA S i
STETE S T hi STETIehdl Bl 81 37d: wared ki ferfe= srareensti i
foreifra et Sifdes i o6l STAT Tk T o forg sireeaes e
T 39 Uoheh T BH 504 1 T <A ek tereenad, faeivd: sa qen e
ITETeN o aR o Ay Wil idw onfas el st Uehid, oMfvesw
ISR SR RO T T TR SO il o T ol YR H HHEHT
AT €, Fieh $Teh <iel Tger 2 qaief ot eraren Freifd e Bl
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5.1 STaT-3TTTUaeh oA
SRR HUN (TRATIST qe STU[3ti) o Hed
FTRYOT SR AR yoT aell ol ¢ - 3Tfveeh o1’ shed
21 29 I &1 a9l < foadia smafE el % Hew
Igd o W A1 3 9 9 S 0] § AL hi o
@ ®, e 2

AqU-3NfUash MR-l ! e Tetaed
(1837-1923) oF THM | “aietarcd &el’ %gd 2|
Fleteed 3 ey SHaeR | ardfas 16 o foraer
F I el o g THEE, ST SeTdd ¥W W
e H WM HUN| dielded dall o R o
fafaerar gt 21 s9eh ofarfa e oo, fgya =t qen
IRa fgya oo o 21 Uw a9 yed WHR i
faya-faya s foran egiom avr 21 hael &%
0] & TTEgIeM sie FHiT § 9Nt o HWehd §1 o1
U gues Wart § @1 W 81 39 = R o e
% 0 o ¥ uhE 4 ° d@ g <l

TET oM < UMY 9o UE © T TH oA qen
T fgya o e o 94, 5% eer-faya o’
TN A1 ©, ‘oietacd 9d’ @l 2| oe g9 fatae
YR o FlSTAeT el i AT FH|

5.1.1 Yokl et 3THAT S oot

WA qel SYETd 3] ofF[ WHHd B Bl T
Ay afgd €9 ¥ foalkd W €, R S e
o et § off fgya faifa €9 o 3= foan w0
Hehdl 81 T8 TH YhN WHS ST Wbl &1 HA T &
AT A 991 B Th-SR & T € (fot 5.1 &)1
UH &1 Hehal B T hIE Ueh WRAIY] HF A dreeiioTn
®Y W AT B ST, A AN AY TH AR
aifess = wme (o 5.1 @ qen M), @ SRt oy
g 2l ® F A A $o 9na & fau drerfes
gy SO B W 81 TE STeUblicieh  dleaiioTh
fgyd o1 M) B, (S 389k fe €) & ol
T ! fawfuq w2 <@ 71 aRomHeEy WA B o
Ra fgya Sca= & S R

T A T B o Tl fgyd T&-3& &l
TRftia % 1 TH YR 1 UG fgea eroet A off
I a1 ST Gehel B1 39 YHR oh SHYU &

B

SolaRleh SATAYT 319 T WU fgaeor
(=)

mAarc&rrFmﬁ uwulBﬁrﬁﬁ

fgya @ R R
el S B
(@)
mAa@aﬂI wrﬂBliﬁa
afw%l )
faT 5.1

et aR WA ofifew fame fRes ded o ywe
e st RO 3 et fgya & e & eRd
%! ST ST Hel Sl 1 39 &l 61 Th 3 4
WehIUIA &IeT B1 39 Weh oh Sct EHYN JATSREUT oIt Bid
& a1 QY SARRAR HI o Hed w1 g0 ok TS
A % ShANU (3Tiq 1/r6, ST r 1 O ok
T Tit) B €1 3 o sheel o 94 (~500 pm) TR
& Hewaqul B €1 g1 URATT Holf 1 o R i
T 1 Gt il W yehivi ol Sufked ed €

5.1.2 fgga-Tgga s

Rl fgya e ompstt & men fgya-feya s
1 e 21 fgya o it ‘ erfires eme’ W@ 1 3=
e 18R Sl (8) U Wef femen Stran @1 ¢ eiferen
AT T THTE TR AT (1.6 X 107°C) §
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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

& Ly

i

FAR T 3R 31ferem
) AT S

S o S o
<

(@)
FerT 5.2: (%) THYAT 379 HCLH Soait-ah ST 1 fofaor
(@) 3 HCL 31937 & 7e7 fGya-Taya o7 feher

5.1.3 fgga-ufa fgga s«

TH YR o STHUV 9, TR fgya Yarere gaa
st qen Tomht fgya el Terere STUEt o He
FERA B F1 Tl fiye Tanaren 1) Sgd S
3] o oIS 1Y i fad wwek fgya U@ &
1 B TE THR = A9 H YA fgya S 81 S
21 7 feafa & off eerdor 1/,5 a1 o GEEAT gl
&, Sl r <1 S7uyei o Hed i g €1 e fgyd e,
Tt fgya o fgya Smeul den fompq 3™ o10] o
yerdl W 7R 3 B Toheh 4 H €W 98 UG Yok © T
€ STHR o V[ hi A W yfad fowan S Fehan
21 S=9 yuiear SRyl well w1 gmed § gfg e
21 3 feafa o oft wehiof sl qen foeE-ufa foya
== T (Interaction) ED F{[ﬁﬁ EREIERE]
i g 21

& 5
Rl fgya syferd 217
(T yfad 1)
—_-— >
q
I %ﬁ%
(T yfad a19)
fera 5.3 Tt fgya aen 9Ra fzya s faar
5.1.4 BIZSISH ATaer

T ek 4 U € 98 i@ Ioh € (S e 5.1 <@
T ®) T e fgya-feya o= fwan =t s fawm
feorfa 21 eeiom eEy 39 erupe o fiyem €, e
3fd gata N—H, O—H 31981 H—F 3T/ed 3Ufeerd 2
2| T SEeSH SEEA N, O 91 F e & §ifHd g
®, T C1 59 TH] i eEgeH STee § 9 o §)
BIESISM STEY &l Soit 10 ¥ 100kJ mol ! & HeA
Bl 21 98 TH wiefd AEn W oS B @1 o:
AfersheR AT (ST~ WA qe ek 37T )
HT WA T o0 oF HURo | TEgeE oTey Th
HewIqul et &1 Teh 219] ok Toefaoll WA qon g
3] o Y-SRI BESISH TTHTY] o He TRl ol
SN BESISH aTaY 1 wmed fuifta gidt 21 = fean
T fod BTESIST TeY o Tl i TR 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
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5.2 ST Sl

T 919 o ST0] A WAV i T(d o HRI S
Fofl Il Bl €1 8 Ie1ed o ATd o GHEA e 2
S o U 1 STHA TSl o1l sl HIT B o IOl
g Il o T o foIT STREEN et 81wl o 3
T 1 ST T wEd
5.3 STRT-ITMUAk FeT T SHoHI
== Temam
TH WA € for ofau-enfuaes st S7upedl i or-urE
@Al ©, W FH Sl S Rl - W g !
21 %57 I I SR AU o SR AU el
A S ST o HET Held 1 IO 2|
3MfUeeh 3= fshan agd gl &M ol STaren
T, & T 19 HH Hich Soll A 7 I ST, q9 dh
370] Tr-E1e e fefa ® T e & qen S e
T 21 TG I heet e gr sfaa T R W
Thel €, e SOH 370] UH-gW & 1A fFwe 3
ST € q SR AU Sl Aferehan B Sl €, qefd
I A9 HH HTeh T[S T FOHEI FHell hH I A
2, 9 19 & AEE § gfod fa s1 gehdr 81 T
a1 I A TSl H S Seil dOn Sffvaeh
3T fopen T qegwIfaan i 59 o g <@
el 3

H—> T ——> W

-3 A4 Tl BT qEuAIaa

< Tq€e—— 9 «—— 39
il el cERIEk|

A HT Ol sTaEensti o A o RN hl
&0 qd ® € THel 9ok €1 319 o e 9o 59 st
R 5o 1 3 reeenel o et s et
TIER § U@ 3 STawRA T ST §H hel XM o

5.4 T sTawen
IE 57 1 GLAdT ST 71 §9 319 YUl Sferehte
¥ 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 69 e@een § ©d © (Fod 5.4)1

qHe-
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 T@RE a7

eftg srereen st FreAfofaa difas Ton gr =i
e S Tehal o—
o T sy Eited B 2
o T weft fewned § WM T Ufta e €
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 Trem

T o fem, TS oA o 80w, T ok
iferer oIl W T TraTfeRAl deh fohT T Wity ok ufomm
1 TG o6 2 O W Herm foveE W Tl STt
Sefres afet 3 T 1662 | fran e g e, frge
T Sl feran, ‘staet 1 fam’ seer 21 91g §
TH 91g o TR ) 9 H 31 & YAl A 3T
framl &t @ieH o fau Sy el 9o A-qds w5
IR framl STENTE qen ST SR A s
e & IR H 3 g |

5.5.1 Siget Rl =W (STa-3maaT e )
3T FART o SR W a2 sl 39 56 W g9
for ¢ “feom ama w | ki Tafyera wmEn (eriq wet
T HEAT) W A IR AT o SCRATTATH
BT 81" 38 ‘St &1 Frm wed &) i w9 9
30 3H YR o S w3

1
p v (feeR T 9 n W) (5.1)

:>p=k1l

v (5.2)

3@ (p) M —>»

600K
400K
200K

v

AT (V) dm® —>»

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

ECIPERERIE]

v

A (1/V) —>

faT 5.5 (a)ﬁw#waw%#www

T8 k, T feerih g1 feeri® k1 7
9 1 A, TG % qr9 99 SH A, {51/ p
O Ve fRT S €, W SR s §) e 5.2
! G i W gH I & fR
pV=Kk, (5.3)
ot ‘feer ara W T w1 FAfeed A 1 Ea qen
T T AR FEer g {1 Afs 9 w5t e
1 fEe A19 T W <& p, q2 @ V| | g@ifa foan
S & (S 3T v, e < P, 81 5, @ ‘sfa
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 & Fefeq g1 39 HHATHT 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 Yar g T2 e 2

T &9 4 S o T I8 fag e 7
for 9 ercafeen wdifed erdt €, wifn o Tk 7 ok
feu TTQ g Rl wdifed foan s §, q9 SEeh 370
T T O & 39 d9d Ie © T 5= g/ Wy
ferer WEF B St 81 |1Fel o T 61 ST
WG % <@ 91 TAqd & HeI Teh Gae U Bl 2
RSN o STTIR B@ d, AT VAl SHE mH

Fay d=$%|zrﬁ<gwfwaaﬁma%ww

5.3 H § 7T 1 HF 39 G § W@, 1 54 I8 Ha
Yo B B—
(m)
= )P
g Y e = T feor g W T & fafved
ST 1 6 T oh GEEA Bl

ISR 5.1
S oft 81, T TR ¥ W F q9 R TRENH
T 9t St 81 A < R 0.2 bar § Afw
T o S 7, A I TR Fe S = AR 1
bar T W 79 2.27 L 3@ 9 €, @t fepe
I % TR I FeAr™l ST Hehdl €2

k3l

Sige o T 8 p, V,=p, V,
A p, =1 bar @, V, =2.27 L,

V. _pV; lbar 2.27L
> py 0.2 bar
={fh TR 0.2 bar €@ W HE Sl €, THAT
39 (R ®) 1135 L A—GH dh G S

Hehell Bl

=11.35L

5.5.2 <Ted <Rt 99 (ara-31maa daer )

TN Aok &l 31 o9 oF faq =med e
o 3 T R fafe= wE fe) SR e EYE
<9 € fop feer <@ w fafvea soqwm @l g &
A 19 S W Sl a1 q1q ¥ HE T T 8
I fo6 a1 g feilt § gfs 9w
fafed A o oTEAE | 3WeR 0° C A9 o AT |
%é’ﬁmﬁgﬁgﬁ%l Iq: A 0° 94 t° C W
forell 9 1 SEEE wET: V, 9V, @, @
t

V=V +— _V
t °  9273.15 °
=V, =VO[1+ t ]
273.15
v - [273.15+t]
¢~ YolT97315 (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 €1 396 ¢
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 1 hfee A i 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
/A
v, T, (5.7)
3d: Tk G GHIHOT 39 YRR foran S 2—
V2 —_ T2
v, T, (5.8)
VvV,
T, T,
1% ‘
7= ferE =k, (5.9
o V=k T (5.10)

_____
- -
- -
.........
P Cett

__.é
127315 U U U
-300 -200 -100 0 100

v

farT 5.6 3797 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 T wouw oWt
TAfy=ra AT o1 TIaT SHSh UXH AT o FHTIUTr
Frar g1 =™ 7 wren f e T e w oA (Sfew
) qe A o HeA UE Wl W@ 6 el 21 3R 9
3T Tk deH W W& W@l i 318 % -273.15 °C
W 3fd: G SR 81 fafe e W et @ e e
TIe Bl ©, W I A W YT @l qd- 378 |
-273.15 °C W frerdt @ (fot 5.6)1

qTT AT AT oF AET UTH i Tk @1 hi
HHSTS 1T HEd 2| A THIHI0 5.6 T t o A i
—273.15°C 5N = 3, Al =1l o Y&l <l e
fehan T Tehar ?1 B9 2@d § foR FRE TG et
-273.15 °C R Y[ €l Sl B1 31 o T © R
T o1 e e @l €1 ard | 39 A W uged
T 7d € Yok T o e S ¢ 98 =AqH HIeTh
T, fSRImR 9 [ ST =Refl 7, 1 O I (Ab-
solute Zero) Eh?ﬁ%l 9gd H T qAT I== 9 T
g% 19 ‘arad & FER’ # 9o S

IAEIU 5.2
YA HEMPR § TH oS dod 999
23.4°C W & &R i 2L 91F & 9 11 5
TS &8 WeTENR, SET 9 26.1°C W g €,
T YA, T T[eIR HT ST T T 2
'
V,=2L T,=26.1+273
=(23.4+273) K = 299.1 K
=296.4 K

=ed o FEmER

iV, V,T,
T T T

2Lx299.1K
296.4K

=V, = =2Lx1.009=2.018 L
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5.5.3 A-o@er Tram (Sre-amg deier)
Terferd areel o 2Rl | < U WHE @l 8, W
Tl % Tl H 98 erciush S Wil @1 A e W
7= e HHEIS el fopan ST, af 2R %e S|
et o fodi o &9 U € foF o oF TR <@
Y B S | 919 TS T o HeA g Wl i
SR - ¥ S e, R o frem
F8 Sl 1 38 IAR- “feer st W et
THfera wrm el i/ T I SEeR IEAT
[T g g1 e w9 H-

\%4 .

—=Teiw=k,

T

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

0 100 200 300 400
M (K) —>
fa 5.7 : U 19 & <9 997 @19 (K) & HH IRE
(GH-3TFa 3RE)

3T Ha¥ Kl 919 oh 99 91 =ed o 9| g
ot frefua foran S werar 21 R Hier 3Tdd | @
qe A9 (Shfee) oF Heg 3@ i o 5.7 § <wren
T 21 ST YOF @l F R wEd B

5.5.4 AN 99 ( STTATT-HTET Haer )
T 1811 el o Sfieh STENTS! o STeed &
] fagid g gl 9w e fagid %

143

g feht § W aRere 31, o stermgr fem’
o ¥4 H S 91 81 3Tk STHR— aTq a°T STel hl
A aftfafaal § TaE stEdaqeren e § g
W@ | 0] B | gHHT qeqd Te © fon W a9 ue
T feoR TEar @, df 79 1 SAEd SHok S1ust i
T W A1 3 TR § I ) A FHR e 2
ot &9 § &9 foam dehd -

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

V=Kn (5.11)

Th WA T W S w1 W 6.023%10%
frerifta =t € 2, for  smang) feeis’ wed €1 9
e} He §, T oaren Tweh | § Hiel &1 aier
o Hed o g w2

<fer 9 1 STEEH Wil H T o G
BT ©, o7d: TE 19 1 T Hied, W a1 TS e
(STP)*, TS/@eh1 areqd 273.15 K @1 1 bar (10°
Pascal) idl &, GHM 3G W@l &1 STP W 37y
T o1 HieR 3 22.7 L mol ™ Bl 81 s 16l @
Hier e groft 5.2 | faan e g

|RUM 5.2 : 273.15 K qAT 1 bar (STP) W &S
el &1 forex ufa Wier § Hiew-smaa

S 22.37
T SRS 22.54
I ER ECSE| 22.69
EESICRiSE] 22.69
SIELESIEE 22.72
Tee 22.71

T 119 o Hidll ] §&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 ! URHT 0° §. e | Bar W ol 39 YR o6 TIHR STP W T8I T4 1 AR A&aA 22.4138

Litre mol! &l 2

s URE9T a10 TE arel (SATP) =1 uiftefaadl oo o=t s@l W o et 8, sl STP uRftaf 4 aread 298.15 K
41 1 Bar (10° Pascal) 1 3%@:, STP (1 &R q@ 298.15 K) W 7€ 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

i ool fSenT e1eer g9 o1a qeh Y ok ®, W
T WHIRIO o g0 SISl ST Hehel @1 39 1Syt |
HHRTOT FEd B

m
M=k, =k,d

1
R T n WM V=— e 1 g
p

R p M n W Ve T a0H &1 oM
feor p @M T W Ve n M@ &1 Fom

nT

3d: Viee—r (5.15)
p
T
V=Rn? (5.16)
R U GudIaes feerisr €1 WHiehior 5.16 i
AT 3 W EH I € T

pV=nRT (5.17)

_pPV
R=— (5.18)

R &1 ‘79 i’ ed ©1 g8 9t 76l & forg
YA Bl 81 37d: 34 wrate 9 Fradie ot wed
21 TR 5.17 1 N9l TE HHERUT HEd 2
et 5.18 <@t & fF R o1 A 39 SHEA W
e e ©, TS99 p, v den T &1 |91 S 21 Al
giiertor | 9 =) F@ e, A =i w1 UM &S
Hehdl B 39 THR0 9 B Ed © foh TR a

WA faam

T R R 19 o n diel T9F 3TREH W@d ©, 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 A< 19
@A 22.7 Litre mol ™! 81l €1 37 gRfefae o ww
el 3eet 19 o R o M %1 T0MT 39 TR 1 S
Hehdl B—

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

_ (10° Nm)(22.71 x10° m?)

© (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 aRfEfa@i (0°C M 1 IgHSHd T6) W
R &1 AM = 8.20578 x 102 L atm K-'mol! gIdl

2l

areet 9 HHieRTo 1 Hay 39 9’ w0 9 2
frdt /g T ST H1 AN H ol Id: =W
JTereelT WHteRTuT off wEd 2|

el STEY T TR WG foer ) 7 =
o THeIe IRede o fag 21 afg feret ffvea wmn
Il 7 BT AW T, SEE V, T @ p, W T, V,
A p, T GREfd g 2, @ 59 fore wed § fE

pVv 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 TH= uaTel Rt U9 TS Hiew

T
el T GHIHTO T QA I WOEE U §

n__np

V RT
nﬁ%wﬁwﬁmw@rmmm%ﬁ
_m _ P

MV RT (5.20)
d _p o

M- Rr (e d o7 2) (5.21)
HHIRT (5.21) 1 [THad 3 W &0 Th

19 % HieR SSIEE H1 AT 6 o foe frefated
T U W § —
dRT

M=——

D (5.22)

5.6.2 e Rl 3TV S w1 W

9 I &1 91 Sfeed 7 91 1801 ¥ gfawisd foram
Thoh TR 1= femam | Tt Tt o fasror or
Hel ST Uk T o 3T1YTeR S8 o INT o STe
BT 81 37ufq 9% <T@ W& 39 TG HI 9w oqHH
TRfefaal ®, ¥9H STad arel U § JUeh-Jeie §]
e S €, v T g S R MY e
MfYTeR I ed €1 T Y 6
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P = PP DG * s (feR T, VW)  (5.23)

Sl p,__ T % fagwn %1 %l <@ & @ p,, p,,
psﬁu‘faw#mm%

G} ! WG S o SO TS fRa1 S 2
q: A T B &1 T T, fSe stearsy o g
2, o aToIeTE Y STelarsIeT S W Yk 9 ok S
1 TOMAT T S Ghdl &1 I gRI T SHeTel
T HI AT qra’ wed 81 fafiE ag W S o
AT ae i ARl 5.3 § T e 2

p B NIREGEIC]

o i P

(5.24)

ot 5.3 Tafis ag W ST sl Selid a-a ( ar-are )

ClE VALY
0.0260

STd/bar
0.0060

qm /K
273.15

da/K
295.15

2883.15 0.0121 297.15 0.0295

288.15 0.0168 299.15 0.0331

POL.TS 0.0204 301.15 0.0372

293.15 0.0230 303.15 0.0418

U 3197 oF B9 H TR STa—TH1 a9 T |
AVAE: |0 o) (e = i A £ e oy e R ol = =
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 % J@ 25 bar B, @ fago 7 a7
qAT STRATHASH 1 I & AT B2
&

SrsiiE % el B gen = — 008
32 gmol™
=2.21 mol
Het % Tt ) wen = 16798
20 g mol™
= 8.375 mol
- . 221
SR o e 2.21+8.375
_ 221 £,
10.585 ~ 221
8.29
=22 _0.79
A o5 Al ST T

31 &9 H 1317 %1 Hid 379 = 1-0.21 =0.79
T 1 AF T = A A x FA I
SRS a1 31T 3

=0.21 X 25 (bar) = 5.25 (bar)
a9 1 TR <@

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

ECIPERERIE]
5.7 Wfast Sl WA 3T0Teh  ITfd

T o 370] PR Tfd X wd 21 I R T
Tg A9 § 3R UH HI AR % W THA &
THeh HROT AL 1 A S Fei uRafdd et
Tl 21 safere Rt off eror |eft srupeti W i
SR Foll Toh HHF &l Bl T TH SIS i
TIfd T Shael 3Ed A & A R Fehd § AR
H‘ﬂﬁﬁnﬂ@ﬁﬂaﬁﬂmuuu ....... u,
g @ erpel @7 sfEa R, u 1 e
YR § A <1 g 2

T @R dieeam 4 wefE fear
gt o1 ardfeeh foawor T o enfves SeaHe
AR A9 R R L 81 Jegered 3 g of T
T 9 S 1 F@ @ w o AU Th
T H ged k- o588 # = oAt T
AR T, W e # Hen iR enfraw wfa %
He U <A T 7| WE H @ e afaai &
foqor =1 Tfqa 1 Heod-sieesHH oo
Fed

e
T . i (u,) L>T,
muﬂm
3 < T A (,.)
Bl r=
B | %
B
(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
XU T A9 W TAESSH o SAUST H A FAA
T S o v @ etfues Bl €1 adiE
R oM o et w1 e & faaer
fo=-5.9 ¥ 3f@ul FEfa feelt off 99 W ST
1 foolt g ofefa et @d @ = el @
famo s&t wa

u,, FH % fag

Sucfcaliec|

afvass Mfa - —

ferT 5.9 300 K a9 W FART 3R ArEeie o sropei
&t Tl #1 v

T WA ¢ T fordl 01 &) wifas et &l
Trefefaa sase g fean S 8-
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Tlﬁmﬁﬁzémuz
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 Wtte..... u,

n

et o ot w1 Sied T o etuped Wi eiEd
Tfast it T Hiem A9 B 21 A g W faa o
it & 3fd A T oiEe o qf &6 a1 S
M I Bl € o8 SAfd Wered T SR strea T
Y fu=1 a1 21 38 Tfd i o AT gt 9T (Root
mean square speed) Fed 8 3R 30 frefafad
ek gR1 e S R

it e g o, efwa T el efq e
e ® ffafea day e 2-

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

uouou 1:1.128:1.224

mp”

5.8 TAT kT ITUTaeR fagia

T& 99 e Tl (s e, =red fam anfe)
1 ST T S SieR] g0 fEU 7T yrefieR qei
o1 Wi oM 81 T S faeE s W S
FE W EH UM ¢ Tk 2 e fafv= aftfefa o
Y SRR F ¢ 5 YT qeF Tfid 8 9
e e e
T YR F HIER F il 2 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] 91 S70])
Y et ot Bt 1 A HU S BR-DBR 9 Ta
TR e & fof TG-STusti w1 et 3MaT Sk 7oA
o Tl T 1 qor ® g g 21 ge e
el 1 Io GHEHAT HI ST HLT T

=1 A9 U < W TH-F0N % Heq e
SHYT I T B 7| 9 ARFEIT BT MER T 7
o T FoIRa Bt 3ok foIw Suersy T i gofa:
B odl © 9e1 W A9 e < W geidhd el
Bt 7

9 % U AR i e § ®d 8l AR
3 07 feer sraeen | B, a1 19 s ffea arefa
TR I wdl, TR e Ufka e et @)

I o 01 Yok T fagn § el Y@ o e
T WA 1 ST T o <A A e o st o
%1 R ¥ THUC @d €| 719 o gN Scqd e, U i
Harl R 719 ok 37upl gRI R T weRl 61 ufemm
g 1

T o UL o WeA Herg YUt : Yo B
T qeqd I8 7 TF Toee % 7o T wee STt
Foll TUE @l T HeE W AU oF HeA Tl bl

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 8 W €1 A @l aqoped ok
YRR oF 99 B, @ W T F ITA ST
THET G Bl S 2| GRomed : $9eh o fre-fire
B S B| ¥€ o7 @R uREtdd g Edl 81 56k
areeR ffye a9 W o T faawe gue w2

g ek 210 & Tl am B €, o SEeh! fafv
Tfes Seid g U ufifeufael o &9 Shaa ofted
TS ol Y A W Wehd &1 SO fagid | wE
A1 T @ R T o erupeti ki otidd Tifest STl SUeh
A 19 % GHEUC B Bl TE 3@ e f A
T T T 1 YER Bl € TS 97 3o TEer @
S, 1 e TG © (Tl 9 T-ggden 1 ) | T
1 T fFY W W FON HI S ST a9 S,
f5E8 3 U3 1 For W Al a ¥ TE@R FW B
herd: S < 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 HAeR ¥ fa=e™

TGl 1 Hgifder giaed TS sEdiel & 94 2
HSE qa S Bl B, ST 80 T8 S 1 FAH
F & TF pV= nRT &1 Ga¥ e qh T4 o qr9-
T[F-AFTT o TEA TS i I @A ¢| 59 A
died &1 sfgd & FEmEER, fer @ ® pv fer
T e qe pV 3R p o He7 M@ o et @
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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 R 9 G arsafas 9 @& 8 pv ael p &
e IRG

TE AT U @ S Gehal ® T fEeR a9 W
AT 6 & fq pv den p % 9eg Mm@ o
et Y@ g 7 el Bl 3 eyl Seen ¥ T
forerer fe@rE 3 @ a1 T YR o o @ <4 2
39 9% H SEeRgNH qo gifead o fou S« seH
W pV 1 A aGdl Sl 21 e AAleeEe qe
T o foru fedta TR o1 o6 THerdr 81 39 ThR &
Ik H YRY H TS HOeR § HUNcHe fa=er et
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ElrsIcCakic

| b

v

AFGH ——>

ferT 5.11 2%l 9 qer arEdfae 19 @ T E-3Fa
& T IRG

e 2@ T T ardfass T wef afifeufae |§
St =ed qen STarmst o fram &1 qul uer e
Tl €1 3T Y T SR B
@ 9 37yl SHaer 4 fagem w0 gl 872
() o ®H @ ufftafeEl € S T w1 ey 9@

forafea et 22

Iz &a 9 o e7u)-Tfq fagia w1 sifemon w
AR 3, A1 B9 37 T91 1 S e ST g9 9
& fom erop-Tifa frgia &1 < oo @l el €1 9 B
() 19 o STupetl o Hed hiE SMRYU-at T Bl
(@) T o ST 1 SAFA TGRSR T A i

21 T IeH R URT H pV HT OF Y eHL, AdY
TR Tk Tl B, TR el © SiR eieel T &t @ 6
R ek TR GFTcHeh fererer <9l 21 31 Uferd e
2 for ardferss T4 st faw, =red e qen smEnms
fem 1 ol wre wel fefaE @ w €

e -G ARG Wi S ¢, a9 ey
aeR ¥ foeer a8 Sl §1 ardtaeh 19l o
foTT 1S 3T@ ok TR tiehs qen eneel
& fau sfga & fauger dgifas &9 &1 oA
ot B =ifew) fas 5.1 § 98 emw fiam ) s
e T A A qRehford S 9 afues 8§,
Safer 7 3@ TR wifq qen dienfad s Th-TW
o FHY B 2

g | 9gd Bl 2

AR () heel da Tl €, ST 719 el 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 TE-3TEdA e ardtaes 19 % g
3ffehe qen siFel o e W Sneid Hgifaes aiteher
TH-8 o HUNl g =16

Iredferh T 31eel SAeeR U faeer safery gufdt
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?

pmﬁzpamf%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 S=9 T@ W S Bt 81 Hiaehu we
TUSA h GeH, T 19 TSl 1 Wi HIeR HH &
faw uf ed €1 et o g S T etEdd o
el B Sl €, Fifer 3] VoeiEad o feRro o
TH W (V- nb) 3 § fa=mor &+ & fag
it &1 W €, el nb 79 o S7pe gRI R Y
SRl A o SN U g1 b U feee 71
TE SAEAH °h 3T WYEAl 1 AW H WA gy §d
TR 5.17 i 3@ YR for@ @ehd &—

(5.30)

2
[p+ ?2 ](V— nb) = nRT

(5.31)

THIHTO1 5.31 1 ‘ATl GHIHO! Fed Bl n
9 o Hidll 1 T Bl a T b aleLEnd feti® €,
ep1 7 19 o =i o W R e 21 a
A 19 % STuET | S0 ST[ SAHYU St 1 IRAT
2, S a9 T g WA T e 2

U A9 R A HT-AF o el B I €,
Hifr 310 % e ¥ T R €, TEE A ey
Teh-TWR H AHY0 o G 59 B | Sdferh 19 e
ey FER UERE R ¥, W@ HR-AH w
W &Y § UG Bl S| ardfesh T e ot et
SRR YERE 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 3787 o HHHIR
gt g1 (o 5.12)1 9 1| § 2 1 9F s 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 o8 qm, fSEw 1 arafas 19w
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
Irefaes Tl 1 Z 1 99 YRS § w9 gl © 99 g
T @M W Z 1 HF AR agdl =l Sl gl
SWieR =@ W I T Bl © foh g=a arg aen fre
HER N e e R e IR I E R ks
% foru 3 wfiftafal fam-fam 2 8

I} gn Frfafed Je= &1 <@, @ Z & °gd
o gd 3 atferh SR 9 Bt 2

Z= pvaﬁﬁm
nRT

Ife g eyl syaer e,

v =nRT
s p
niTé?gﬂqHaﬁﬂ'ﬂﬁWS.BﬁT@ﬁW%ﬁ

¥

(5.33)

Var&rﬁﬁ

Vi (5.34)
THIFT 5.34 W T ® T Htggan one i
o arfaeh HioR SAFa a1 SHT 19 Td e W SA1eS
T o TieR ST T ST S 81 59 T § &1 31T
0 fop et qen 5o e | fadg s g9a e
2 qA HH A SN T ek U o & o
5ol 1 TG o1 “Rd Sferee HMT ST Gehal 81 89 I
2@ for Tl o geteRto & fore Suge aRfeerf o
7T FHATd T9R] 1 TN Y YR R S B

5.10 T AT geerTuT

fopell Tl ot T e S STeree o foTu <e- STRIa-aTd
aul & YUl feRe UH WX ofAE TS A e
<rReiaTEE % oy fu) S fafee A W R
TIZRARAEE o qHATY @ @i (o 5.13) 1 R |
=% IR 1 TR ardtas 1 e SRsiieEe o 99

Z =
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Py

73
E p.)

P,

ferT 5.13: fafs a9l o 1ei4 SR3TaES & Gaard IRE

EER <! &1 Uresl A 2w foh I=d a9 T goardt
T STyt T 3 AT ST & T e §1 3=
g ot T fop S=a <@ W sft T R gfaa & TR
S Hehdl 21 ST A9 9 R S 2, @ 99 1 SR
URefda g St @ qen stiene eyl HeeR 9 forerer
T9id &1 30.98°C W 73 IFHSAE T@ W Td e
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E)| 73 dASHE Td W hle SARIEE T8all aR
Te el W Yshe Bidl 81 30.98°C dTY e
TESTHIEE 1 Shifdeh A (T) Feawl 8l a8 I8
affereram g 2, FSImR 59 1 SEeiiEe e gt
2 qen SAfes 99 W e T B 2

ifdeh a9 W T Aiel 19 T ST hiTeTeh
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HEA B

Shifdeh T, Shifdeh <& AT hifdes STEdT ohi
‘shifaeh feerien’ hed €1 : @ 98H W 59 HlEd
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TESFIES & GHAd M@ W YR i B
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1 G 1 Y& ®dl 21 21.5°C W fag B @
e SRATFES T el § wdl 81 g B W
fafimee e 1 59 9 2 81 38k WA Hdted
W 31 URafda &l S €1 %a qe T e SrsiaaEs
- Tl T IE G deH W NG kT HeH
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
STEATFES i 5 a1 TE Sfereen Freereen | gl
21 et T feer 90 W wdtEA (HEard wdEd) W
e SEATFAES & GUH FIEN YERE Hl 2l
STk S et <9t € o geitenor o forg et
1 Shifder ara @ = 37 fRa ST Heha 21 shifaes @
T SAIRaH a9 Bl 8, Fw geiea 19 gem 4R
fere <t €1 Tl T (ereiq A T, Sz o 9 W
AR &I forere waf¥ia sedt €) o Seehio &
fou am o @ o WY-my gAt| il Savas
gl €1 Hited, T % st % UE-u" o g,
Sfafeh A9 HH H Y AU T TET HH & W €,
AT SHAO[H ST Topan 21w Tiferiter STopAr <Al
G-I R § 91 719 Felehd 8 St &1 Tk T
%a H 9 g9 1 19§ T qiowe °§ @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 TEeR qM W 79 =i gdifed &
W fig G Aol 1 59 IYE €9 A9 %Y Hoh
Fealer = #1 3R g D W € 99 @ 7w g
H &1 IR % 8, 99 & &8 59 W gl 8, g Hel
off Q yreemd sufterd @ et €)1 ARk W@ wReen
Wifder a9 W HO Bl €, df 9 sheel T @l
e | Tl 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 w2 gehd B hifds ag W e |
39 1 UREdT Y Ul 9ad el §, a1 Wl W
ek hIACAl TdE 21ged B Sl € (@ 5.11.1)1
wifder a9 9 = fHE ot 79 6 e < TeE
Feltehd fohall ST Hehel 21 39 3@ wgred 1 arsF shed 2l
Hifdes a9 | 9 HraT SEATFAEES &l HTEA
TZINRAES a5’ Fed &1 5D TRl o shifden Feerishi

& HE ERft 5.4 § feu T R

ARUTN 5.4 FS UGSl oF whifdeh AN

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 3TdEAT
T ST 1 qE |, 39 STeR § S{qUsTE 9
Aferer Yol B4 &1 9ok 3] 3o UE-UE B § TR
Ik weA okt T Sgd A Bl 1 S ariefE
¥ g &1 qor | 9 1fus T e 2

Sal o 3T AT AHUT Tl gRI o4 T
€ wat 1 ot fAfeed g @1 iR 1) TR
¥ gyyep 7 B €, Safeh %o o 370] Yok ®Y W A
F Td €, o 59 yarfed @ €1 59 1 Tk I
Y TR U H Sl S Hehal € a1 g o ¥ 39 @
ST €, SET T SAHG UL KT el 1 39 W H BH
59 o 5 TN, ST ST, JESAHTE Al YA
31T |

5.11.1 dqrUeTd

g e faifad a= &1 g9 9 1T ®9 W 9 S
€, 1 59 1 pw A oo S U o WY S
1 9T <1 81 UK § 5ol Sfoad Bil © el arS ok g
%d I ¥de W @ T4 I@ (Ird I@) § gig Bt
S B e THY UvEN ge fer @ S © e
T3] TS STSI-STaXq o Hed 9 Tfud @
Sl B TE AR H ATEle W SAETE e
I STIETS Fecldl €1 i oTsq T Jiehan a9 |
e erdlt ©, o7d: Torelt 5o o arIerE i = i
G99 19 1 Seoid H AETF Bl 2

e 9l Gol UH H TRA fRA S 2, 99 9%
AU T § AT Bil € ST Se w1 STIals STel
T F GHA B ST €, T QP KT HT AHH B
S € 1 oY 319 RE ® e ®9 9 JEIa et
21 HqUl 59 o e arodieRtol i fefa i ‘e’
Fed &1 9 a, SR fHe ga %1 aree 9" 9
o THH B S §, FE SH @ W Kol 1 e
FHEAM T TP TH Sl o aoaeE oA 504
T T ¥ T TS T R FGLHE Fi HH
WWW%IWWWhM@,@[ﬁWHﬁ
UHeh FaATTeh %ed 8| el 59 %1 A saeris
U= FUAIH ¥ TP FHH S0 8 % TF bar I
T ST g/ ¥ 9 HH Bl 8, Hd: Sl B
WH FELAIR 100°C (373K) §, Seifeh AFeh Faeish
99.6°C (372.6K) &I
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900 4

800 A

760 -

700 A

600 -

500 4

aeeE (T Hg)

400 4

300 4

200 4

100 +
60 T

|
|
|
|
1
1
1
1
1
|
|
|
|
|
!
1
1
1
1
1
|
|
|
1
|
|
|
1
1
1
1
1
|
|
]

0

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

ferT 5.14

=9 SN W SgHSd T HH Bl €, 37:
HEAA I ol H 3o I W Fd HH ad W
Il B1 Sk TRTel W STl %A aId W Seoldl §, 37d:
A &l UM o Tl U¥R el 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
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5.11.2 Y=g A9 (Surface Tension)

Ig gdfafsd 927 2 & 9 U 1 3R Te07 T o
& Tkl 1 9% Tag W hel S S TMeAwR qfiwhT
& w9 H F et 82 0 ok dd H gI F &
Joeh-Joreh @ B0 & del W FreRel WM W g
forqen @l S &2 k¥Rt Teft i 59 o1 % Hueh |
A R VR el § 59 wedl AUl Sadl i 22
F gt e 59 o fafore v, 9 ‘gs-ama’
e €, o HRU B T1 5 o Tk G T 1] qeft
fegnatl § THM SART Tl ST FHT § T TR
AT I I BT, W Fag R e 370 31
= o TUETl oF RO 3a oF SIS i AR SHHI o
aqwE el & (Tt 5.15) Fiifeh 3oh S 370] e
Bl

Hagl A :
59 | 3T HT
3 M
gt faemstt
" /ﬁm&‘m
—
ford 5.15 : 59 &1 Gag W T 59 & 35T X947 37 W
SR et

T U TS I ATH B T A H B, TS
o ULl TR =2 Tl A 1 AR Bl € AR IR et
o Tufeer S F IS @ o BN & it
TS o AT W e I T Bl s g6 i wgfd
g W HH 0] T I B T AR G H T 219 Tag
TR AR Gdg i TG ST df 3THYI ol ol IR
T BN SEeh foIq Sl o9 Bl @1 Trdll s
e ¥ Thish dhe oh (0T STERAeh el &l ‘T&bHE
Fell’ HEd €1 THH! SR Jm2 Bl 81 Tde W @i
TE Teh T ! Tehich e W o ol dAaed oo hl
‘gg-aE’ wEd &1 39 e v y () § S
T €| TEhT hTE kgs> A1 SITHE H Nm' €l

e fagm

21 fordlt 59 &1 FIETaH SS&R a9 81 €, STa SHH
TS g fream @ 3 feurfa @ memefa S
FTA T A FROT? fo o Y S qon wehd Y 9%
TSR BTl & AT i o 1801 o i TR Hieh
IR ST ST Wehel ©1 TR T ST W o= firsrern
2 q1 59 1 TR el STHFT SF T TAE A €,
ST feTrT ferehe o Sfrel 1 58 ‘i w1 Af-difersr’
(Fire-polishing) HEd %I

I53-TA1E o hRUT Teh eh¥HTGehRl § 59 Fedl A1
Al €1 5 gl 1 A9 Y <1 |, Hifh oI ueedt
WA % ®9 § 9% k1 GIg W el Sl 1 GaI ok
F0 IE-99 B4 §, FifH Sl H1 qqell WA
T3-S & Sl 21 T8 IS e € § S g i
AT 1 T T 07 31 €| Tee-FHH o HROT gea
W BB oL 3ifIeR =ue e Sl §, TR Tectae
et H §¢ gof TR g 2

Io-qE 1 GRAN §9 oF AU oh A
YT Fell W R e 1 S SeRv - S
Bl ©, T JSS-Tel 31Tersh Bl €1 A " TR YU
FI TAS-Soil g W € qe SR SIveh fRAr w1
FIferdl ShH 8 Sl B &7 A9 g W YRS wH
Bl S 2

5.11.3 AT

TE ol 1 ARTAEANIR U1 T1 S ok YIS ki T
H Wd WA H R TH-SH & SR T €, 76 57k
T IO U] g o HIY I YAl HEd 2| T
UL S WA Yool SN MUk el o ROl Il ©
S TRell 1 Teh G e T € SN Sk Th g W
Hoe 1 Gy L B

9 59 1 YaTE fRd fEeR §dg W e ©, dd
39 (39) H 98 E, S GqE % G ¥ e T,
ol B S 1 S-S T W 9 S el
T Tt Sl ®, SRR IR kT S Sgel Sl €1 37
9 YR 1 YO8, 90 T T ¥ TH Ta 61 o
THUYT: TGdl el Sl ®, T Yoe ! sheeldl g1 At
T Yalted 5a o foret ot wa &1 94 (fod 5.16) @
IEY FI 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 : @WOF Y€ T a7 FT FiH

RIEE dz TR T 1 o du IRafdd el €, a5

Wﬁ%@mmw%mﬁféﬁmﬁ

ST W o ToTU Ueh ot &1 STavahdl Bt 81 48 o
HUehgad URdl oF & qefl -l oF HHIA
Bl 2
HA: Foc A (A HIH &1 8% B)

du

Fo—
dz

(aﬁi—z P-JaUr €, ST T F W AT H
TftedE 1)
du

F « A.d— F=nA—
dz dz

7l n T g feeie €, o ‘garar qunis’

FEd | T sk 98 Tl §, S S-Yaorl qef
Tqeh F1 &AF IH1E Bl 39 TRR 1) fommifaar &t
A1 1 foreahifidt sk 1 SI TS | =24 Hehe 9
FEHIEE, (Nsm2), 379 IRehc] ¥6he Pas = lkgm'! s!
2l cgs TS | TGl OTF HT THE RS (HEH
ST S g9 qrEseiel o W W)

1 poise =1gcm's?!=10"kg m's™

YA fHh B TR E9 1 YA 9gd R B
2| TTESISH Y q1 FISEed ol o RO TorehTiad
o At 21 i T A Faufaar 59 81 98 o v
g1 € fop gaeh stferenter o1 S @ firerd 2

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

2022-23



156

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 SMRHU-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 T oy srereE o Suwd
fafi= g fram K siae & fFauRer gaand ol § e e defq ard 1@ %1 e 380k s
o F[hAMU eldl 21 =ed w1 o gaaret aftfeafaal & omade den W q1d o 9ed Hew il 9 2
7ok AR, fondt ffsea Fefa arelt 19 1 31ra 39 Wy 919 o GHMH gl ¢1 9% 719 &1 yrfas
mpl,vlawqﬁuﬁﬁaﬁmawvﬁaﬁqﬁpz,vzﬁ?Tzﬁmm,aﬁﬁﬁWﬁ$qw

il 1 g o g e e S = P e 4k o o o A A
Fadl =R TG FoRaT ST Gehel €1 ARSI ok TGN, M9 Ud <16 1 GaH aRfeerfea § A6 o M e
H erupsti skl G ot THE et 21 leed o 31Tk <@ o Framar, sifwarsiict 6l o fago %1 Fel <@
STk SAIfYTeR T ok A ok SR BT €, 27 AT, Te, SMEA 9ol Hich i e o 9o sadey g w1
Fae 1 (i ean 21 38 ‘T 1 Sferee Yoo’ ed B STeyl 19 o oy STaeen qHiehiul pV =
nRT R €, STel R 719 fierier 81 <@, TG a0 a1 g T8 3o W gqah1 g Fel e 21

=4 T AT FHH A9 W TG ok UM % T AU -ad Yol 81 W §, ik A 0] I
3 S B1 A9 T @ H SUge qRifaa o 19 i geltghd foRa ST Gehdl €1 §9 i HH ST & o
T ot Hte STerRe WM S Hehdl €1 Jael SaW0[sh SAhYul-aeli oh R0l % oh e 01 J63-aTd, Tl
g 7

AHEH

51 30°H. T 1 bar §& W ag o 500 dm® 3T &l 200 dm® T Fiifed & o fau fea
IAqH e I STALIHRAT B2

52 35°W. 9 9¥ 1.2 bar ¥ R 120 mL &Rl ot 6t § 79 6t ffyea @en of 21 afg 350
Y. R 9 A1 180 mL 1Al ool Folieer o TMiaRa feman Sar €, al 79 w1 @ @ gn?

53 STIE-WHISHTOT 1 IUANT Hid U T HITSC for Y T a9 W 1 1 S 19 ok <& 5
YU B 2

54 0°C W A1 2 bar @ W fHE 19 o HfAES 61 ¥ 5 bar <6 T SEAEISH oh S
% GHA T, i A T ST-9R F 22

55  27°W. W U UM 3TEY 119 1 T 2 bar B & THH 919 T <€ W TEH & UM S 19
et St €, A1 <1 3 bar @ S #1137 TGl % SIU-9R H Hey Tfuq i)

56 Il WIR HT Gl S B geH A H UgfAtem g 21 98 e |t ¥ R
STEEESISH 119 <1 81 9% 1 bar @ 20°C 9 W 0.15 T Uegfafem aifafswan san,
frifq SEeRsem 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 &G 27°C A9 G 2 bar ¥ W Tk 19 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 19 477°C AT 39 FasC o a1g w1 foha 90 wares § ame fara

512 3.32 bar W5 dm® 3P SRAGTE 4.0 mol T1& o 19 w1 TUMT HifSQ
(R=0.83 bar dm® mol ™)

513 1.4 g SEAESSH 19 o Sufterd el Soiaql 1 GEA i MO Hifey)

514 A TH Fohs H 10 T o M foaafa fhu SE, af SA&mmei-9@ o sER I fadia e
o foha g om?

515 27°C @9 W 1 dm’ STEATER TOF H 8 T SRATRNSH qe 4 T SReEsH o e
%1 A @ feRa B2

5.16 TR o AR e foeenfyd o1 % 9R o 3R i ‘Ueiie’ wEd €1 4K 27°C W 10m HeamE
TR § 1.66 bar W 100 kg Efera™ 9 S, a1 el &t TUMET HIfTQ| (A 1 T
=1.2 gmm™ T R = 0.083 bar dm® mol™")

517 31.1 C @ | bar € W 8.8 TH CO, §N ¥ T ST H! TIMAT hifsq|
R =0.083 bar L mol!

518 HHH @ R TR 19 o 2.9 g SAHM 1 95°C AUT 0.184 g SEEEEISH 1 17°C W
U 2| oy fF 19 1 GieR SeFEE 4 B2

519 T bar 3@ T SEEESSH q¢1 SESAFNST o g0 § 20% TEEESSH (YR §) W@ Sl
2, dl STEeEeeE 1 S <& A B

520 pV2T2/n Ufe1 & fau SI shiE 1 &ir?

521 =Ted o fT9W % SMYR R THEMET fF =AaH S99 -273°C B g

520 hieH STZATHATEES Al HYF 1 shifdeh 19 HAI: 31.1°C Td -81.9°C 81 578 | Fered yaret
IR foeeh ol & e 2

523 di-etered Y i Hifaes @nefemar i qHEEy)
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