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©Og Seke® & sum 1.2 D9ed 8 18 80 Jnwdc ©800ms Q0 ¢ Ox gr.

1.2 092 B8O me wew O T

B» Sowa Pa bar atm torr/mmHg

1 Pa 1 Nm? 10° 9.87 x 10°° 7.5 x10°

1 bar 100,000 Ibar 0.987 750.06

1 atm 101,325 1.01325 1 atm 760

1 torr/mmHg  133.32 1.3332x 10°  1.3158 x 10° 1 torr/ 1 mmHg
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g 3 Q

8Emo:
(1) =e8® & a8 om0t B8@IeEIDDmG DOBIB.
cgestdn, T = (25+273) K = 298K
8me, P = 750 torr x 133.32 Pa/ 1 torr = 99990 Pa
=8®®, V=0.950dm’ = 0.950 x 10° m’
N ©@BNEBIBN BEs @d.

PV = nRT ©i@»ewnss,
PV _ 99990 Pax 0.950 x 10~3 m3
RT 8.314 ] K~ mol~1 x 298 K

= 0.038 mol

(i) omedz38 (C:Hs) @88» tmssas = 44 g mol’
omesss8 mide = 0.038 mol x 44 gmol'= 1.672 g

W28 _ 176 g dm’

(iil) eYedsIB wodde = Epside/ s8&W = ———"3

Q) By LR DO, ©8ylen iy HBw®w B8L ¢cdEs @l me (S @
eB8 B» @md, BN Pedn 88 iR edme BEORS e E¢ DI1gdm BBING
232 BB @833 D .

PV = nRT
P = =RT
. P=CRT
e®8 'C vy e053¢ensd.

20 ¢ PV = nRT ©@2530m00 oom 88 ¢ g ¢ oS «.
-
PV = + RT
e®8 m ¢z &S»s3de O amd M ¢m Diged @8Bm ems3dni.

1
P = ﬁ(% )RT oges ¢ BBs oS .
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eosos (d) =
dRT

M

Se@8nm PP e edH Dig Bne® Dxiasis B8e® &, s8ubes iy Bwdw §E»
SO ece Pmo »OG.

1.2.2 o@8C Bw®c (Ba»)-:8@1 ws®as3w)

‘Ben cBesDon coes ¢S 680 Dy y@ienn® (8B5300m) BRme Diged ©8@iD0
Beci®d Soeme 00 (ewi w@ipSm) 0. e@BE Bwde vneds’ H€S3eds
e®u dotd »® WI» cled 17 OB Buded & cdaton Bum § m¥s3d coensd edwmed
O B»6 ©O® D1gdm 8@ BOEDE O gumdn ¢ldd KHBn Seviwen 8
@010 @B (1627- 1691) 3853 alrvume S8e®z3 ©gd ©. 98 ©HBmOG eumIdes
SO CEed.

P « % @&95P=§;k8c3@csﬁ@a

0D (Bedm 88 eBE Bwu®n Dysiasiyy B8O wewr o8ylen Dig Bw®w @
OB HEBS.
PV=nRT

D1gedB B®Ienn I BELBeBE cBern’dn Bumd s3I ®NN CLed »® nT Q&
Bomes @d. R ¢ Bemass 0 @195 nRT géne ¢ Boemwess (k) ed.

PV =k (Bemxs)

O»® "SBun cdeaived & Bum iy g@reme Bmeds s8@ieds’ Qdamnne Boman
©0." e®n EBE Be®G IR OB e &zICES.

Baw T cdensionm g8 Bom Dig 5@ 6810 V¢, 8mne Pi¢ »® @ &¢ V)
8000 0 P; 8500 o e 80 0aiB8E Bu®nsd axd:

[ P1Vi=PV; ]

1.4 Cvs OBS e@8E Bu®ed wi®ycldn gwdmibn Bover e eun® emel.
1.4 Srsed (a) @853 woessicms e 980 BewasdE & PV =k gedmidon »3 ao.
k aos cdenos @ s@es oty sd8m B e @¢ D1y Bn3e Bew aCm
G ©1® DS e © k8 aon 9Bemm0 edmed 0d. g BwBOOE & s8&1ed
e300 €encs B3¢0 DB PHED @itd S D BIRBB @Y ©. Ve®S © cdemOn Hwm
B0 Drgged BRmw ¢S O B0 8@ ecren D D Ov® BRI OB G 6.
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~ N 600 K
400 K
200 K
< 3
5 3
o 600 K 3
€0 (4]
- 400 K
> >
890 (V) 1%

(a) (b)

14 S O8Q Ben cdemsodc & (a) s8@® (V) e (b) 1/V sowm
Bmed cdme J®

1
1.4 (b) Srss @853 |, © RBews’ P 8 gedmade Bosens @d. O §E Eens H0®I B
@0C b, eBE D853 »o» ¢ sleemdEO amd CRI OB ¢ e®O gedmd
BB D1gdERO @uE BB S D HOIHIHODD eI ecl. OO eem B¢
Doy BB3NGE OBLmE e DO, O © HOIHLRES ¢S ey oBID e 8 IS
DE S(Bel. 0® axnd gveg B8O»OE & D1gde wuiidn O ed.

m
@D @¢D G DIGOD BHBOS d, e5530@ m ¢, 8@ Ve 8% 80 d = 7, e@mierens’
ec» R0 a8 ¢BE. VOB Buw cdentoed &,

d= (%) =(Z) P =k P wpoos £8s w8 w

1.3 Beg»

Bun cBa0es e e ¢oion Dig OHC u@imnm =880 ecqnen e SO
BOmed 8¢ O 0dmtd 8 verme DIBIB.

8&mo :

Vi=V,V,=2V,P,=P,P,="?

@83 Bu®ws ewe®s’ : PV, =PV,
PxV=P,x2V

P,=P/2

S0 8Ome §E Bmens’ gt ed.
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1.4 Beeg

2®0 cEensided & Aigmnn »B8SES Di1ggd ¢35 Y®IerwB S 30Dy g, Digge®IEas
8omed & (100 kPa), ©® g g®iencs 2.50 dm’z 28@0 0. 0@ cdersioed & ©®
aen 80mw 20 kPa 800 digmed 8@ emis®en e »e g ¢?

88mo :

P,=100kPa,P,=20kPa, ¥, =2.5dm’, V,=7?
@83 Bwu®ws ewde®s, PV, = P,V;

100 kPa x 2.5 dm’ = 20 kPa x V,

oV, =125 dm’

Aiemed 98®® 12.5 dm’ e &8 me g .

1.2.3 9@ Beac (¢Eea30-8@1 s®rasiws)

Snzded uEes w3y edied edgn s ¥ Dol ¥80 OB ewsin & a8 88
Buon 8Omem & et ¢ Bon 91y s@iennm (8m5350¢) 800, 0 88es we@®
8 O avd 88C B[O we® af) 0. Je®s © clerioed 8¢ O 3@ enEines
BRI eOmes 0t (918 5@ ewd af) §®) u8@10 0'C 8 Diged 810®wm =881e085S
200D BE edmes O @D (D18 O® ewd af) O®) eeIwI EOD aD.

273.15

0°C 8 e t°C 8 & Dog3ed 8800 88edEss Viwn V; o8 comcuma w»0g. &80,

Ve = Vo + () Vo =0 (14 ) = %o (555) <2

@08 PBBOed &, eSO we®r O 8@ bl B . OTO O® Erenwd
SE20
t°Cecwo Ty = 273.15+t @8z @ e¢» 850

0°Cecem Ty = 273.15 @83 c@o oci.

008 »O cEwmD s8@Imms eEOS cEWwBO 88@r1ems (K) onds Sdedds ¢&enso
w8@rens ece »€w3ed. —273.15 °C (0 K) o8 msoSn goss eces ¢bd ¢iseds
amd, O3 eeTS®D € 86 (B 808 cdensios ed.

27315+t
71—+) 32 e3®RBINDID

e®® cdensid 8@ienwd amd, Vi =V, ( 273.15

V: =V, (;—;) ece B8wx oS .

Ve _ Tt

OO,
Vo To

exged o 80 Bow 8med & (V, T)) 80 (V3 1) ¢ 8¢ 0 edmes ee®)

Vi Th
V2 T;
Vi V2
@®c o = 5, ©Cw® O B DS @.
1 2

';— = SBeoes el V = kT
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VOB ' Bum BOmws wdesd & Bum Dig 5@iennm 88810 HBdedSe cdensidnd
3ECIOD w@IBIB® 0. e®n DICE Bwdwe ece »w(€sied.

OO Bum D1 g@renc Bm6 Bwemd ©053en o 890 98 ©801 emedd
CEBOB DEBID Gucn aBemE RO 3w ©8uben Doy w38Tents WIDDHBO OB
OB @, o83ben Duyg wmiens v (Pedm ©8E YBOIHG BE VB .

PV =nRT
V=nRT/P

Bun D1y 5300 8me Sum »® nR/ P Swenws .

Voo T ewd V=KT

Do BoO®wd 0 Hvd Dig 8w ¢ R dm; ® B8m»wum &, cdewsdnd
(°C 98) &Bews’ w8810 amd gedmnde BoE ebads O &m0, d6 @ 803
e300 3 g 8O, e3(® elandmO ® cdenstd gen - 273.15 °C & »g 0. 880 8Lm»0c
g obande @9® B8 O DS Qs S8@1ed & w® ebdE © e aes
womed -273.15°C 8 exvd 0 K & 20 1.5 dioewrs’ eos3n® emeb.

P -

!P 2

4
o <P <P <
4 ','/ P <P, <P, <P,

- >
I 1 1 | I |
-300 \ -200  -100 0 100 200 300
-273.15 cdes3ows [ °C

L5 880 Bonm B8m0c € cdasion ©@n igdm «©88ed
BOE®E



&.030.88. (5e3e8 @sg) Je30wsy BED - 4 o

1.5 Beg»

Bon BOmes e @B ¢35 D1 @8 5@rennm 880 enqen ¢ 80 O8 ¢,
D) BT 0D OEHBIE DHOBID.

8Eno:
T1=T, V1=V, V2=3V, T2=‘?
vi_n
Vo T2
r_r
RIZ )
T2=3T

8@0 e cEews30wd (T) emeci®d w@ipsSm O MBS 0 cEewIOB
200D 306 085 PB BB O VD eED ® BEIBB BE VIS «.

273.15+ ¢t
Ve =V, ( 273.15 ) @ ©3@®oens eEm t = -273.15 gede we B0, 8@ s @Ces

CeR. 98 e301® O8O DD ©@0sDRD D 6. J 5D V7 ® DIYDS 0® B erBIOBO
€® DO el ¢d O @D g0 eI WS OB VB ©. DI QBB 88O & O
o5ies’ 38 886 v 08 concEtn cldesids BdedSe @mue e HEsIed.

1.6 Beegm

23 °C € agoas »38355 9190 ¢® g@ieaeBs 80 80 68 =8 2.0 dm’ed.
O® BOmed & ® cdes’ds 27 °C ¢80 918 we 80 Diged =8@ed & D edmes
OEBBS WOBIB.

88m0o :
T; =23+273 = 296K, T, = 27+273=300K, V; = 2.0dm’, V, = ?

Dog@ged B3 ¥ Y&rIenw Bwm 053 DGE Bw®s ewde®s’

Vi_ W
n T
20dm® W,

296K 300K
V, = 2.03 dm’

", 8880108 8cdx edme = 0.03 dm’

1.2.4 29010ed] Budw (3@1e5-8@1 ©®aTWG)

eBE v DI1EE Bu® 918 Egen BEe®s3 B w38Emes 1811 & @08 HBm BB B
g a@®ec¢l aRveds 885 DIgde ®YC u®iens ww DI1GOE 8D BeRAFL WS D
DEEDHES 0 @PRedd Bud®w @bl o . O»® I ® e’ ®o
B woes a8 ©@i iy s8R 8@ OYE 3028V G BB (1D00eds
Bu®wm).

12
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e® ap@ Vanend V=kn ¢@o@ed! Bud®ws ece E8s (8 .

Do OgCEED @B aen v 6.022 x 10% eoce Sens 0 ¢ @50, @ e@Reds
Bewa (N o9 L) eces o@s3ed.

OB (edm ©88 ©8ulen iy w®wiens OB @PDedd HBwd®s ©wEeds’
2D S o H(B .

PV = nRT
V= E><n
P
RT N RT

X = — XN
P N, PN,

e®8 N o N wuy) B8EedEs’ Diged a8 ey todnid 5w ¢1Dmdeds Bwema . O
® cdenstow:s 0 OO B»w wOes B P wo Q »® § iy ecwm @iz ©s8&0
@O @UD ORIV ewle®s3,

Vo =——XN

Vo= 2 %N
=—X
eTpN, 0

Pewn THom 80 & (Rew Ny Buemass ed.)

[ Ve/ Vo= Np/Ng ]

©0RD cPgPenrs, Bum CBen3Ow: ) BLmeES wlers ¢ DigdE @iz 8@
DE @I geq oS ¢ @d (Va N).

Q¥ D WO B¢ D1y Be® @iy OB e¢md ¢ Dig 8@ (V) eew
o85ben Dug w8miens ERI OB VB .

08I B : Vay - (1)
0@ Besd@cs : 7 R — 2)
@1D0Dedl Bo®s Va n -------—--- 3)

9o (1), (2) e (3) ©3Bwoen D@ ©0IE IO wdwdens D5iess,

nT

Vo« —
P
PV _
nT
k =R gs8o
PV =nRT

13
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1.2.5 ®@38» «bew (V)
D00 8@00 YR y®Iered @MERI®D B@IBNED D (BT,

=3

eE® &0 EBn v .

@@ cEeSD » BB HBPBO O’ & D ® Dgdm OYE O ¢ S ©BIBN
8@ (V) 9 ® gows de g Hes 9,

O BN WE DD .

O® B cdens’ioed & oy ©w@en Bmed & dm; ® Digdn @Rm 8@ V, O ©
8@10:3 B @ ©@. BOOD BOB BEWI BB WED® @ VIDD eWEL.

o e IO amD :
ces3Dws 0 °C (273.15 K) e @@ 8 1 atm (101325 Pa) 0. 0@® w@®en
BP0 O’ s8uben D1gd ewi sBybien Dig woewibmwm OHED 80
22,414 dm’ mol”' @8. 0®® >0 wdersd & Digdm YED ©8®HD Vi @@es
Boesens emel.

* D BB amd !
BB cdesione 25 °C (298.15 K) v ©wden 8oma latm (101325 Pa) .
0®8 & 1D 958D =8@ed gow 24.790 dm’ mol' ed.

©0»D : FPINEI; Bw®®O D Digdm ©YEm Swside (M), 98 w»s30wd (d),
NORI®D ©B®IBRD @d.

V=kn=k(mM)
SR M=km/V)=kd

1.7 Beegm

298 K cdensioed & wo 1 atm 80med & He Diged ww Ne diged @898» =8@
@12 O B3O ®.

88m0o :

Pye=1atm= 101325 Pa, Th. =298 K, ng.=1.00 mol, V. =?
PuVue = nuRTue

Vie = nieR T/ Phe

Vie=(1 mol x 8.314 J K'mol" x 298 K)/ 101325 Pa = 24.4 dm’

14
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Py. =1 atm = 101325 Pa, Ty, =298 K, ny. = 1.00 mol, Vy. = ?
PrneVye = nneRTne

Ve = nneRTne / Pre

Vve = (1 mol x 8.314 J K'mol" x 298 K)/ 101325 Pa

Ve =24.4 dm’

O®, O © cEensided & wy BOmed & Hig OHE y®Ien B3I »HY, BBV Dy
a3 0 ©3zN 8@ @ ©d.

1.2.6 oz Doy Be®w

D1 5@Iens OHCORS ©m B0 Bug Dig, BOme, 8881 0 CEePIBO GHIGLD
O ©® g0 H(Bel. Bmn iy yOIrwD BB, L@ I 8D g8 Gu&s3
T\, P,V 80 Ty, P>, V, 800 00m¥ed w0 80, 85ben Dug @8miens © a5siman
ocs B3k S .

PiVy

T

PV

T,

00®w gdeddd eI @ NR =

8Dt gdesdd sewr: NR =

PiVy PV,
T, T,

O®® o@D D1 B eEe »(Es3ed.

1.8 Beeg»

25 °C & e 760 mmHg 8o & e¢m c¢ D1 g@rerwz 8@ 600 cm’ @8.10 °C
g 08 =890 650 cm’ 9 80 68 Bama RO @ ¢?

8Emo:

(Ti, Vi, P)) 80 (T2, Va, Py) ¢80 a0 88w uiSe.

P, =760 mmHg = 1 atm = 101325 Pa, V,= 600 cm® = 0.600 dm’,
T,=25+273=298 K

V=650 cm’ = 0.650 dm’, T,=10+273=283 K, P,=?

PV P,V
oS Do Ba®WO 8md ; — = ——
Ty T;
760mmHg x 600 cm® P, x 650 cm?®
298 K - 283 K

P, =666.2 mmHg = 88823 Pa = 88.823 kPa

15
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1.3 edbcosied @1.8» 8us Bw®ws

eend ewiBm WIDDOE & g0 nE e BB DIgd ©0d iy Byes @. ¢
9O ©BIN DIEE HLIB 300 @R BB » VWBBS v DIy FRES OB
gm0, gC5 DREVS OB DB iy ¢ H®erxNDS 0. §© DigediBe B8Ox»wd e®
8og D1g cuwm @d.

g B@enes &3 D53 36@0 BEBB® 3060 DD B3 OO BB BOeEER HEO
833 0 O WEB 953 ewed® BB OO D1\ged 1@ BLme uyeds’ H(€sied.
g a0 0eHD Dnens OBem 8K BSFW emmdm iy BBonn B@encs
BEDE. 008 GO BOM®, 30edm DNGOE @& BRDHOE edned 8@ 0 ol
IGO0 od cugwenewns’ @28us WO GE e®u eICEOTIed 1@ Bl Budw
eCL »Eed.

A, B oy C o 21g0Es ©@53dn iy Bgennm 98 D1gde ¢ie8m 80x 880853
Py, Pg 3 Pc 5®, Bun cdensioed & oy Swen s8@ed & g Bgened §& 8xa Pr
oD (Bedn wB@miemens’ ced.

[PTZPA + Pp + Pc ]

oD (PBedm 8 eEOTed @1dm B8Om» Bw®ws «bybern iy wmdenrens’
DB e OB ¢. Aww B o Dig ecems’ @i iy Bgenn weng. Ogened
e Awn B ©1gdc 08¢ y@ien B88edES ny v nz 38 ¢ Ogemed §& BOme
Pra8 ¢ 8o8.

PV =nRT

A ©0gg® esewo, ny = PV/RT (A ©15008 g&m 8me Ped.)
B ©0® wwo, ng= Ppl/ RT (B ©0i3008 @1:&m 8dms Py @.)
gy Bgencs wepo, ny = PrV/RT

e Nr=ny + np

o® Beso, PrV/RT = (PV/RT) + (PsV/RT)

8 g 80, Pr=P;+Pg

06 eICOTed @18 B Bw®wel.

1.3.1 ®3c »10e @me10ew6s’ &8 S
T o» cdensived & o8 Vom g 8me Prom dgom A g ©8c ny ¢ B g
®YE np ¢ 3@ O amd, Thed ¢in Bm B8edES Py Pzed.

NART

880, Py = 3% PB=nBTRT oces B8x vS .
eICOTed Bw®wd axd, Pr = P + Ps

NnaRT
%4

ngRT

> v ednenss, Pr= + = (n4+np) %

P, Ppegmoas 00 00 ® Profs’ eae®ss,
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Pa naRT/V ny
“= = = X4; X407 A8 ®HE »onai.
Pr (na+ ng)g (ng+ng) 4 4 @ 96

Sochs @’P_Bz ngRT/V _  np

= = Xxp; xpwx) B8 ® ®wé.
Pr (nA+nB)I§,—T (na+np) B B3R g6

5® Seso,

[PA = X4 Pr e Pp = xBPT‘]

oce B8wx oS .
©® D1g®G Yedewm ¢dm Bms 98 PP MIveds GO BOmeds QamHWO @i
@d.

1.9 Beggm

(1) ©ug Bgenwm »BEYE (N,) Doggd 0.8 mol ¢ @FBessd (O,) Dogg® 0.2 mol ¢
g8o® . VP cBerOw & iy Bgened & BOxma 1.00 atm »®, &2
23 D9ged 20:& BB ©eBIBE WITID.

(i) Rg> 0 »C Buw cdeaOsm @ ©55 8O, N, Dgg®, 0,010 ©@® BT
=3 NO, o@D e30¢8. w3@nEmmed & Agem8 N, dig @8 0.73 ¢, O, g
®ge 0.153 ¢, NO; Do @9 0.1%5 ¢ agrm. 980 N, D0ged8 gi.8» 8Ome
0.88 atm »®, O, NO; £9g30c @082 B0 ©ermE DOTD.

8mo ¢
5 ny 0.8 mol
() xy, =—2N2 = =0.8
2 ny,+no, 0.8 mol+0.2 mol
PNZ = xNZ PT
Py, = 0.8 X 1.00 atm
Py, = 0.8 atm
ved ® O esem,
Pp, = 0.2 atm
- ny, 0.7 mol 0.7
i) xy, =————— 8® Ben, Xy, = =
(i) b ny,+ N, +nNo, > “N2 ™ 0.7 mol+0.15 mol+0.1 mol 0.95
0.88 atm
PNZ =xN2PT D® 5650, PT=PN2/XN2 =m—1193tm
no, 0.15 mol 0.15
Xg, = ———— 9® Bexn, Xp, = =
0z > 02 ™ 0.7 mol+0.15 mol+0.1 mol ~_ 0.95

nn,+ No,tNNo,
0.15
Py, = xo,Pr ©® e, Py, = Soz X 1.19 atm = 0.19 atm
nNo, 0.10 mol 0.10
—=—— ® Heso, X = =
>*NO2 ™ 07 mol+0.15 mol+0.1 mol _ 0.95

XNo, =
2 nn,+ No,tNNo,

Pro, = Xno,Pr 8@ Sem, Pyg, = =2 X 1.19 atm = 0.12 atm

O® 3es0,
Py, = 0.88 atm, Py, = 0.19 atm, Py, = 0.12 atm,
Pr =1.19 atm
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eICOTed Bu®w 8 ¢15)®0 amd D1y BxentmO ¢ t830R¢l) DIGDIE e ® &S
RO, ¢ @¢ Bug Dig 8uben Dig RS Ge3Bwd dBem® ® EBFE ©@0DOH
RO BCBCCEO o» gy @. emed O ¢ Dig gl IBFP DR & ¢, HewiBnd
23 ded O3z Grded & ¢ edms D1gds eeBs’ Yo Be v, By oG
e300 58P € wi@imsens’ igds ded 0 0y ERBIes “eed @It
BEDBmess. 08 nOed & &8E ¢l pe ORI MY BEevrs »Ivm G¢
Do 830023 PED BIEWBES DO DS YA BB Vg pE D1gd O ded »o
OB CeR. DD D1 YRS DED HTWI BERG GRe@ EIIDHEB PED VOB WOREW Dogd
OB Sews »EG OGS &SE6 @O D ¢1Ickd @. e®8 & Digd Keed 86 eOD
RO 8 BRW BO® YHSW emim D CODEEHE O COR. et ednmsd
230RC0 DD BOB® DI1GD:S ¢nd R OB EBNVD. @O & ded T ®BIB Dogd
5 Bwed & wiecm Diged ww DrEBrdmn OB e SR D1Es BOEHGE ¢ ¢8o®
Do Bgenud ©0. Duged el DB BE D1Eds Y@Iens OBS OO cdesived & S
D0 B3, Seed woimidn Dids Bme eces »€S3ed. OB @ cdensidnm &
23 ded 0 ©B3zN Dagedd BOmn HUers B8e® & & Blmens’ deed Dids Bma
a8 »E G ©. OO, RERD D1ged 1B BB, O8 8@ wy cder3Ow, sByben
0y ©80erwd ewre®s’ O3 ded 0 v g OYE Y@Ierw VMBS BE BB @. 1.10
By 0B 0@ crsed.

1.10 Begy»

oD BF000 amd KClOs(s) o 88053 @:388s3 210 88ewve mdstes’ o8
oI,
2KClOs(s) = 2KCl(s) + 30(g)

27 °Ceseo 760 torr 8 & O, Doggd 1.50 dm’zs s 90w S 6 05 Ced.
27 °C2 dred wuimisn Dides B8Oman 26.7 torr 0. wigen O, D1y @Y 5®iens
DSBS DOBIB.

8o :

eIEoTHed Bu®wkd amd,

Peoows = Pomges T Pugs

Posges = Peowss - Poce = (760 —26.7) torr = 733.3 torr = 97764 Pa

s8ben Digg e3®miens ewnle®ss,

PV 97764 Pa x 1.5 X 10~3 m3
PV = nRT eo» n=— = — — = 0.058 mol
RT 8.314 ] K~1 mol~1 x 300 K

1.4 oo B DI geqm Dige

90 e0BOE & 88 u8Svenii®n i O em® g Dig BPITL Bwe® (Begyss:
@BCE Bo®a, D138 Bu®s 18 Bo®) gldnems 0 ¢Dedile CRI oslend). D15
s8Sven @35 980 HFIFO woed & Dig sddB HBedm @imds 8EAC 2 eRiNwS
G O DB ©. sOven OB OO BB Peen EGRI ©iD ¢ iy BEVS et »Becsies’
O ¢ BBD g5 B OB G B. BEHS R Do w@BLme we 8O BOmwe D&
O D iy Bw® @Cewns’ asd PedimOB BE NS DS Drwgdrs ©d®B8DHG
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8 830R® PE® B wEmiamend BeliBBewIBRD woRerDens’ edde GRE.
0B qum BSwd (V8 wews AH = 483.7 kI mol” x (22%) =_967.4 kJ

ae s’ »osess AH s@es © 8, & — 967.4 k] mol! 8.

&es oD 8I0wd wlmden By B9,
Ha(g) +3502(g) - H20() AH? = ~285.8 k] mol~!

Ha(g) +02(g) >H20(g) AH? = —241.85 kJ mol !
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OBNCE 20nces’ ovD dvrnsied abie D D asd eBess.

0@ Bew!sl D0ewm ©8E »BYLE DEd cw»ers Bes Boecm @D 9um
080 emnewrs’ S8md 0d. B B Fwd O S 080 eRe BEB® WS @m0 @S
OB Bwd &SE Dde o e BEBe B ©. AH 8 mien s’ iedsies’
B Rwd moscon OE.

988 200D mucIsm D BTw@d sty D0 miiderizm 0. 0@8 Seri®
DENSSOG ¢ Vet ® DR ¢. detd ® e® BHw eIS ¥ JweS GBOE 8w ¢

DEo® .
2H,0(1) — 2H,(g) + Ox(g) AH® =+ 571.6 kJ mol”
2H,0(g) — 2H,(g) + Ox(g) AH®=+ 483.7 kJ mol’

2.2.3 9535(C8 cewownsy
SHD DD R D LEPEIB.

CiHynOun(s) + 1204(g) —12C0x(g) + 11H,0()  AH"= -5650 kJ mol"

Qv ed®mcemend AH' 8 weme e 5003 00 oxes IcOE O3 E8as,
OBPwOE OFHEBBO 8y ¢l D8, OFCBerd &g O o® af) S® D080
Bewed 0 50656 30010353 gmRnd o 0. 3eied cm3 mesciEm @d.

Na(g) + Ox(g) — 2NO(g) AH"= 180.50 kJ mol’

oo & 8 9B8wed8 BFewde O3 GEBEO 98 D8 IFHE8EE SEDEO
ar. OO AH O 00. e®ed O3 E8c gve 0Dy Bhes DOBedS 3
2Derlvens emel. D5 §BE @D mindenism ed. OBHCS Ji1LdPHE ) O
BodEwum & 8¢ 0 38 dubuiedE 0:86 gam»ed. 2.1 DQeds’ ¢ eun®
DO @88, J15e0ms’ OGBS mscIE »I BDerisn YBHw Boers Osiess
emetd ¢ svm 2.3 e ¢Ped.

A ¢ A S5=uE
W\

3

o o

5 AH >0 © AH <0
q

8 5
WD

SIS1S 16 _a%@

(a) (b)
230we () moeadsm (b) mscom SwdE @wewr O ES
0723830353
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224 O535C8 Subwies w1 @@ Sy EE Bubwaes

@O ¢Bie O3 CE Bubwoeses, AHY;

£DBED RO e OEEs, AHY 53 e389@m 303008 (B O® O O9EES,
©2®®m ¢0e3Ged BEledn BO0ewrs’ e O8 wowdn YROBOBS cisicms Se®
g 8¢ O O(CE Bobiniesnd@. @ o0 H0en 8O, RLOBOE ©vflecr 80w
@z atm O 8omaed (101325 Pa) w0 eco»d ¢ cdensddws wdend doned Diss ®
6308 @00 @. 0 woePewrs’ @cg DBHCEE 0dme BdED OTHEE edmes D
¢ f comecs’ 98 8wied & YRcdrDES @cg cOBB CBIBICHG DB D ¢ eSTHH®
emel. §Ecduwm D01 ® eGi8 gdedtid 88 ® c¥sicms DO Bubnesnss @305
B0 wfledn B0l @B Bo@ld GRLOvw6H 8w B3y O3 EEs 0 .

Beegs? oG svm & guitern, to@imnens’ m0es-0t00Sm ¢ dpon B8e® & @wico
o B3O Om 298.15 K € gecdn BBswm 988 ® 508 ¢omid .

Naf(s), Ha(g), Na(g), Ox(g), C(s, graphite), Bry(1)

Beegm:

D0RB3 H Dedsn @5 ¢i8 el 880 B «. 8805 (BdnBO) &ded
2000 EuOBI8 (Dw®s3D) BO0ewrs’ ¢ 8iidnd DIRTORO Sd86 v «©. &
@em aBd ¢ ARS B HIe® OES 0O SOBm 053 & econd ® AH reseo
QDB ¢®e 5086 @S .

C(s, graphite) — C(s, diamond) AH?= 1.9 kJ mol”

©Eed® ¢I0B @RS &t BEREBIESS D8I B8 8106 e &¢f) O CEE evewrs’
@3 0w, VDS AH}[C(S’ graphite)) = 0 ¢ ©CDH crol.

25°C2 o0 | atm BOmed & 05 00 @ 08 S05a 000 »E8, 55D
B Fw0ed OCOE 0»9I8m IO SEE O ¢de gy «.

Ha(g) +50:(g) > H20(1) AH? = —285.8 kJ mol~!

Ha(g) +02(g) >H:0(g) AHY = —241.8 k] mol !

oo AH' aows eem apd 0dme dcod D1d8mdes mosa (44 kI mol') 89 20w
®BIB).

eend verms BEOOE & g8 Bommoewrs’ wddn 55065 OTHCEE 9IDHEO ©FE.
oo & @ BeaoBs’ Bew credn «©lE, gn D83 8¢ »ne g Bef OYsD
o%es3 AH,’ esecs JennBm almces G8OG.

298 K & emi@@80»809c (HCHO) &08n cfoics ox3m 8w -108 k mol' 8. o®
DO 50D (Peds B8mienens’ gmie .

Ha(g) +§02(g) + C(s,graphite) — HCHO(g) AH? = —108 kJ mol~!

Beegsd @00 0l 8O0 ess @ra® 0t gB8n0/ 840 ailm ©w®®n
O EE BBows @bd 5o B5I® 3.

@O ¢ O3 Bubwaess, AH

00 adeNed @8 Ecdvw® Ml Boewrivwm ¥l OHELE ©wdOD @dedied
a8 o803 F8ES g@rene (D e Dimed) sdylerens’ coms O wd®®n
20e3ed 18 G 1 8e® & g D I3EE Dubnins O8 w®en ¢vws DTIHEB®
ed.
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CsHs(g) + 50,(g) — 3COx(g) + 4H,0(1) AH?[cgya(g)]= - 2219.9 kJ mol™
C(s) + Ox(g) > CO:(g) AHJc ) = -393.5kJ mol’

@O VWD Beom OB(EE Bubuesws, AH )

OB, BTV YRGS Besdm3 o83 @D ¢dedied 8 1@t Sedsw @
20e30ed a1 D1yg®n GELOB el 8.0 DO Dwima Je® & 8¢ O ITIHMEES
Besbesoescsl.

Hax(g) — 2H(g) AHY = 432 kJ mol"

CHu(g) > CHs(g) + H(g) AHY) = 428 kJ mol”

CHs(g) — CHax(g) + H(g) AH} = 441 kJ mol"

CH;(g) —» CH(g) + H(g) AHY = 454 kJ mol

CH (g) — C(g) + H(g) AH) = 344 kJ mol
@ B 0@’ D@ ATND Bwdn @S OB BB PN GFHOBS DHOTH OBHBEG
aoE ed.
CH4(2)8 @Lsms 6@0n 9530 e = (428 + 441 + 454 + 344)/4 kJ mol

O EE Desbaoescs
= 416.75 kJ mol”

00D ¢ HB™Ies O3 (E8 Subuwiess, AH ..
50, w500 20e3Ned g “8ws H aum 8gcws v d8c OH gu» @gcws g8S5wm0
B b @gee® 8@ au8n O (8 Subniessi.

H'(aq) + OH(aq) — H,O(1) AH®,.., = -57 kJ mol

@0 weiden O CE Bubwiese, AHY,
O, 308D gDeIed @B DIgds e OPEGE oD §®Iews »ged 1.0 mol dm”
cDenwS ©:8e® & 8¢ O I3EE Bwbnessd.

M"(g) + ¢0@me — M" (¢00mw)

0D ©EE® OFE8 Bubwiess, AH .
O, 300D 0esNed ¢ DGO e PYEEES B Y@iewm cders 8 1.0 mol dm”
D HBBOBO 3 DO @B OBCEE Selbwoeswd.

Na'(g) + e — Na'(aq) AH,,q = - 406 kJ mol™

@0 1o O (EE Bubwaess, AH jissorution

90, 30O @DeINed @B ¢dvwD VYRGS o Y&Ieem ¢ders & 1.0 mol dm”
0w ©3:8e® & 8¢ O IBEE Sulviwnd. (@Gs dnens’ o R ek OB53
830133 DS e7E®).

NaCl(s) + &ce — NaCl(aq) AH jissoraion = 1 KJ mol™

©®Om cIbLDBIBD OB S Dsbwoeses AH
O, @O gdEMed @8 85 PO S GREOBWD W] 8B BeewINLE ©wI
®Yews ©wdrlamensi® w@n gdedded a8 DI1gds BB wBdbnmes Se® & ¢
D OB3IEE Besbsoescséd.

Ca(s) — Ca(g) AH’,, = 193 kJ mol
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©0Om D188mcen O CS Bebcaese, AH ..,
OB, 8OO gdEIed B ¢ GERLOBWD Wl toewinwm BHRWS @8 deddied
@18 O8 Doy adED0 8obnmme Se® & 8¢ D OGS dubnesni.

Bry(1) > Bra(g) AH’,,,, = 30.91 kJ mol

©@Om Beum O3 C8 b, AH 4,
OB, @@ ¢dEEIed 1B ) GREDBLD eWi eewlvw BYRWS PO ddIed
218 08 c® 2030 sobmmes Se® & g O OHEE Sobicoesnd.

Al(s) = Al(l) AH';s = 10.7 kJ mol”

0O Bo@IeTen V38 Bubwaesws, AH,
O, w®Om ¢dEed B §Eedru @D @Dded @ 98 Dig®a ©o®rey
®Yews OO 8Lbmme Be® & 8¢ O O3 (EE Bubnvessd.

5 Cly(g) — Cl(g) AH’,, = 121 kJ mol”

PO vef g P8 O CE Bubwess, AH 1k
OB, @O adesed @B YRcOBWR DIYOE ©i®Ieh BPYRBBRS O8 5»H1EIBO D& ®
EBC oce AR a8 gecsedimnn (B33 90 8 wd®en ¢dedied a8 Diygd®s I
O gum OYces w:8e® & 8¢ O O EE dubuesnd.

Na(g) — Na'(g) + e AH’ 1y = 496 kJ mol™

©00m gecBeimrmden O C8 Subuiss, AH k¢
OO, wPOm gddMhed ¢ DHYes i@l YRS geewedimw:s @Bz’
IBgvens w0 OB PO gdeded a8 D1gde Tm-en ¢u® BHRES ©:8e®
g 8¢ O O3 (E8 Besbisessd.

Cl(g) +e — Cl(g) AH’¢ = -349 kJ mol™

0883 Cl(g) 8 gecsedi» ax3umowE, 349 kl mol' 8.

3B oewinwm D ¢ el Brdm ¥ CS Bubuwieses, AHY,
OB, B ¢Deed 1B w5 GBS Boewinw OHEWLS wd®En ¢dedied e OB
D@ OB 0 cueh ¢ DO & Je® & 8¢ O O3(EE Subnessd.

NaCl(s) — Na'(g) + CI(g) AH’;, = +788 kJ mol

2.2.5 9 eces AH (AH®) Sbencs 86©: ewed Budw

OBINCEE BoEBne e@H0® gewidmds! S0 9 efnds Ox3es’ dOBSY i SH®
230280078 ¢3ewiB 0 OBBS BT wr DIEE Dbt BRIE €50V OGS DE
OB DO . OFEE Blwsde B vun Bedn Even o 20 N ©®
DB@D @ ar>.

AH 858 g 9 and @08 owss ¢ @8. 25C & ol geedso8s NO(g)
cBeme DO gcog OB EE Bubniss BEm ACE.
Na(g) + Ox(g) =>2NO(g) AH" =180.50 kJ mol”

NO(g) &5 9gces @8m OB 0dmes i B8O ey a8 Bag e v AH'
BOB eSS eACE.

%Nz(g) + %Oz(g) —» NO(g) AH® = 90.25 k] mol !

203G oo Eod edmed De® & OFHEE edmens weRen ¢ edmeE D D3
oo SdEs gBobnme B36e® & AH' 8 cnes @0 8. 8 axo NO(g) @gc o
Bowuisme Bed® &00n O EB Subuoews -90.25 k) mol! @8, ¥ NO(g) @8 &
CB0e ) OB CEed e gvs .
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NO(g) — 2Na(g) +0x(g) AH® = 90.25 kJ mol~!

@0 B BOIWED BEOG BT By
Na(g) 0 O, (g) @08 NO1(g) ¢58e0cmdwd a@cog ©w@®m ¢i55encs O3 EBa
BOenc [6© 8ac ©Em ACE.

“Na(g) + Oa(g) —> NOx(g) AH'=?

BB BT @D Budo e @ded 8 008 gl 88e v «. sg@d a8 Ny(g)®o
0,(g)o8x3 NO (g) e0c8. ammpdi® NO(g) 1 0,(g) 053 NO,(g) e0c8. o® 8wdd ecmd
acoE B SeaB e8mden S0 gBede AH® a0nss ¢ ©@® dmn BE 0w ¢ed
ae e AH® aoa ¢ 800 @08 a8mdes ced.

“Na(g) +505(g) = NO(g) AH' = 9025 kJ mol™! . 0
NO(g) +50x(g) = NOx(g) AHP = -57.07K] mol~*  ------ @)
(1) + ), %Nz(g) + 02(g) > NO2(g) AHP = +33.18 kJ mol~?

P B0 g YOG evid Budews’ e®ed yia d.

BE3® BodEws a8wd end 8udd daewrs’ (DE8mD g ¢) 8¢ 0 »H®
008D FdBEw wewr g OGS Subniess, & & B8udode 953mEE
SebwresdE Dm0 ©®I1 @d.

853 @3l8s’ B e ewed Bk O3 CBens 8ddd 8n Qenewnd
SBOCHS. @0®wm @deENed 8O adws’ @dedd odn degled O®
®BoEIBS §0 ¢ AH (e AH® §008s ¢80 adeddied T 8¢ m0»
CC V) we® grtes O © 80w O gm0 d6 IVOE'SS BIBED .

oD Dedmd emedm 888 0® wowEns IBCE 01w HHBL @t © m-0e0ESD
DB’ ¢ 988w’ e wiB ©. e®w BEedEsS 2.4 o 2.5 1930953 O Bowma ed.

A A ¢ff@§(D

AH;: :

gBBem (A) 3 88w (A) [

@ i
© a -
G AH <0 G |AH AH,:
9 L :
3 :
_ ! :

oc (B) oc (B)

(a) (b)
24 e mc0nm o8 500n A g88emde 80 B e ¢dr wo oS
@bo e (a) e =8obmme (b) emnd®i@ w8md Bwdo
@B ewedm s8Obmme
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2.4 Srsens’ emntd Bu®n mHOEI0s el emeb. A g88wem B ¢ 200 o 86@
023 BodIBS »ed, 8udd eSS »es, 8udo 0enmndRs’ »es ©@sd O3 Es
Besbsoess O © 0. gun oM ecei® wEEd O EE dubviss O»® B¢
GRB. OB ¢ @i, O Boens D530 OTIMEE Jiednend uBFwm v IO
enedts 8830 @n @ 0.

e BB® @wm ¢330 @B erded dEE J:dwns’ OBS e @50, JO
D& B0E 20WO ¢ DE OV &. ¥ e IBPw® O DO 800mme 88 Boresencs
OO0 LMD eI rMded DRe ¢dan ¢. 9853 ¢ A gB8w0m B 9 200 o
emedm @by e¢m y®IBn .

®boe |

om0

gBSwem (A) — > 3¢ (B)

\A‘Hl AHz/'
ao0®€ (I)
@boe 11

AH =AH: + AH:

2.5 S m0-Ceos B D3
D0e3-0e3063 B DS BOe® € wwm coect amnedme B G ©d.

BEFD OTMEE edme 0wdd 8 S BB Bwi, 98 Snmews ¢85 AH
8300233 BBBIB). 9B Bty MB-0e06S D (ewe Bu® Onwis) evimevs 68
DO @00 B8 des 8@ awmes »d, ¥ O 9 g8 8w0ied Inces
BB ¢ OIEE Bl Busim. @ 80 ©, IDnEOE o amv@m6 0853
0158309 RE 0O ¢ @@ ©B3D. EDrens OBemO RIS EL ERDEO @wd)
0% I @006 gy .

80 a@m0D, B&Edn BPwidm T 535 IBIMEE ¢0ns’ 850 BFWDEO @RIV
OYE oD BIeDS Qv WE G B. B G, OO (¥ OBHEBG, ¢HWHBO
905 O OBed (¢ DIRBY) OHYRHEESS e0ed »O, acig OTHCEE avw §5Swdd
230008 O DB B0 ey D BICD R BE G . ©OED ©Ewien DO S
Besgdrd, @@ 8¢ e G A0 O PRI OB (S By ICBD).

Beegm:
20 YD (e §BFWeds ©w®En DIHEE dwlvits ewd@d @Dnsd &
858

3C(S) + 4H2(g) —> C3Hg(g) AHQ =9

GBS o vEed arfes g emed 920wd Wi gy ¢ VB TEHEAE. g B8 8K
0 »BYPSS 3B P BERO wEe» Gled »® 8¢ 5 ardesd aCGs § g88wds Om
gm0, 93 @YU POG T @m0 8. w0 @8 & IE6 eYWedHOED B e
@m0, 0O »BeLiRD ¢ & OB ey ¢, OBV, ad v §BRWed AH'
206 e ® ABG eS &. & eDHDO @d BE W 8P enBeWD HUenc
»e 9B AH’ a0ssS cuesi® 0 085 O ece ace sBFed AHY aoc verm s
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BCOE. ewed Bu®ews gans D00m® dR gfersd e®8 ©. O g0 wakd ©Bo
oS AH’ gowss oemae 83600 @ 856 m»3a.

entd Bo®s »idmewns’ OBCE edmes HNUeas B8e® & o8 ace JwiedSm
©&0en oeulEmnG WE G ©DF. ©® BrYI §5 ICPMD RBBBGES DS’ L B¢
BBewend @HEHE scm® 0 0B83, & a8 ¢vwm BBF@ BeMI TR wEmden
EPe8. mRx3, »BYEsS, W8S as3boD eewlvdE ¢vm dc COL(g)» H,O(l) 20
BICBCERO 0RO wwm cIPedm 888 ¢sd ®OEed Beg® @IBHO®G @e0wI OB DS .

C3Hy(g) + 50x(g) —> 3COx(g) + 4H,0(1)  AH=-2219.9 kJ mol! (a)
C(s) + Ox(g) = COx(g) AH"=-393.5 kJ mol (b)
~0u(g) + Ha(g) > H0() AH®=-285.8 kJ mol’ (©)

(a) 8 aesey B TwD asd e®et Bn S «.

3COx(g) + 4H,O(1) — CsHs(g) + 504(g) AH" = 2219.9 kJ mol” (a)’
PCBOD B [weds g88wem C(s)» Hi(g) ed. & dndenms’ acne @9 u®ien
ees 5O e (b) edmdens nemss ¢, (C) udwdens HHecs ¢ Qe e g ©d.
3C(s) +304(g) > 3COx(g) AH’=3(-393.5 kJ mol™") =-1180.5 kJ mol (b)
20,(g) + 4Hx(g) — 4H,0(1) AH® = 4(-285.8 kJ mol™") =-1143.2 kJ mol (c)
@8 & C(s)®@gc mo3 v Hi(g) @9c oo O & a8 eno, CHs(g) @gces &

e, ©® gsd @des § OB PwdaB. ¢ 880 §BesBImG I G B8mien BB OB
B8e®x3 (a)' +(b) +(c) adeans weewidmn ERI OB HS .

3€0:(g) + 4HLO(1) - CsH(g) + 50:(g) AH® = 2219.9 kJ mol” (a)’
3C(s) + 30:(g) — 3€0:(g) AH"=3(-393.5 kJ mol™)=-1180.5 kJ mol (b)
O+ 4Hy(g) — 4H0(1) AH’ = 4(-285.8 kJ mol") =-1143.2 kJ mol" (c)’

3C(s) + 4Hx(g) — C3Hy(g) AH® = -103.8 kJ mol”

50e3-0e3000 D@ 9dDers’ v MO e®ed JwCw WS .

50,(g) + 3C(s) + 4Hx(g) —> C;Hs(g) + 50:(g)

4 x -ZSE\Q(J mol’
3 x-393.5 kJ mol™ 2219.9 kJ mol™

3COy(g) + 4H,O0())

AH = 3(-393.5 kJ mol™) +4(-285.8 kJ mol™) +2219.9 kJ mol' = _103.8 kJ mol

OB EE C13e00s Dmens’ ¢ O8 Jec® e®etd R OB OB .
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o 5853 o€ ¢ OTINGEE T1wdnemd ¢ OTIMGEE avecd B¢ eviem
20w ¢33 . & H 9535C8ewd HBdedde avwks’ ¢sd HUeas »g 000
0088, Yo’ OTCEG 8080 Bmws @855 AH O5350G8 0050 a5 8 avns’
e, 00 edmes BO® @B WOER BE VU 6. Vews eOBHS edewl PerdRD @t ®
8O ¢ 0Pm RBBBEIS eV QBB EBEBWGS FO®B .

H/ kJ mol! H/ kJ mol!
A 3C(s.graphite) + 4Hx(g) + SOx(g) A 3C(s,graphite) + 4Ha(g) + 50x(g)
AH, = -104 AH, =104
3CO,(g) cPFoemw 3CO,(g) cFogmw
AH, =3 (-393.5 AH, =3 (393.5)
_VC3 H(@) +502(8) 2 _ _1(1 80.5 ) C3 Hs(g) +502(g) - 1180.5
¢3C02(g) + 4H,(g) + 20,(g) 3CO,(g) + 4H,(g) + 20,(g)
AH., = -2219.9 4H,0() cFogoe AHp,,=2219.9 4H,0()) cForme
xXn
AH, = 4 (-285.8) AH, =4 (285.8)
=-1143.2 =1143.2
V 3C0,(g) + 4H,0() 3C0,(g) + 4H,0(1)
(a) (b)

2.6 s 3C(s) + 4Hx(g) — CiHs(g) o88wied 953mE8 Jroedunm
(a) Srvews’ 88T wed E0dd a8md O O3 FwdBn FD0
2g OBCEE 80s ¢ ©wO® ¢ed. (b) Siens’ 3 EES
BODOB eBH® ewmedm amd, adas §8Fmed o
320 g0 LR BOE »E DS ©.

©0PO» yBFw 953G

5BF 00 BT wm 1 I RO @De8Ned OB SO 98 OBMCEE edmes @O
O CE Bebuoss O 29 a8 coBg. Oc AH' ewd AHY., 0855 toends emeb.
OO 3¢ OBMCEEBOE O I Yewldmw:s »H® ©®en uBSwr O3 (EE
oeme [EOE.

Beegm 2.1

eRBo @3t 9dm S 83 o B8ESBe® & e e 8 O vwn ESeds
BT 300 B @O DT EE Desbuiess ewed Bee®n »IdD 20 OB WID
0200 B®en ACE.

2NaHCO;(s) — Na,COs(s) + H,O(l) + COx(g) AH)., =?
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88mo:

e®td Be®EO amd v ©@oen K50 IO Oy BE OO QD wdoens R
OB DD.

2NaHCOjx(s) — 2Na(s) + Ha(g) + 2C(s,graphite)+30,(g) AH’ = ~20HfNnancoy) (@

2Na(s) +C(s,graphite) + 205(g) = Na;COs(s) A = AHfiNg,co,00) (b)

~Ox(g) + Ha(e) > H0() AH' = AHjj,00) ©
0 0

C(s,graphite) + O(g) = COx(g) AH™ = AHgico,(g) @

2NaHCOs(s) — Na,COs(s) + H,O(l) + COx(g) AH’ =2

(a) ©®wcenws, GecdsdBEsS NaHCO;s(s) @8 ecwsd coeicms 8008 Seci®
8moeasd. Om0, (a) gBSced AHY, Aer[Ncho3(s)]@ enen eoed ecnensd. (b),
(c) 0 (d) e8wceadEs3 Na,COs(s), H,O(l) @0 CO,(g) o Srewnd 98 gz
cBema 80 Bewddms 0. ¢ asd ged ades 588008 AH’ 0®etl
IR DE DS .

_ ) )
AHPun = AHfina,co,0 T AHfim001 T AHfico,@n (= 2AHf(Nanco, ()

= (~1130.68 kJ mol) + ( -285.8 kJ mol!) +(=393.51 kJ mol™") + (1901.62 kJ mol™)

= 91.63 kJ mol! (NaHCO3(s) g 2 e )

= 45.815 kJ mol! (NaHCO3(s) @3¢ 1z e )

Ve ® Om(EE J1wdwn®, ewed Bu® OB cars®I GIcers’ eBsIn® [EOIS
OB CEBens a0t B Qens gun BEient 0B WO GRED &sd G320 D
20200 e53in)® BB ©dm e HS .

03ie® ABNesIO8 Bewldmn B8udd ecmBs’ 8y D5les o comEuma W»IE.
oed Bwdeb & agem a8 NaHCOs(s) @9 223, Na(s) @y 220, C(s, graphite) ®gc
220, Ha(g2) ®8c 120 01 Ox(g) @8R 3m0 Dewidms 0d wil 858, e 8wdel &
e (b), (), (d) 2@»cemdBs wmiBm» ©8 dc wicy B Na(s) @y 223,
C(s, graphite) @9 273, Ha(g) @9 128 00 0x(g) @3¢ 35 g8ecenidms 08,

8woo 1: 2 x [NaHCOs(s) — Na(s) + 1/2Ha(g) + C(s,graphite) + 3/20,(g)]
AH’ = 2x (~AH/ nxancoy 1) = (2 mol)[(-950.81 kJ mol™)]

8wdo 2:  2Na(s) + C(s,graphite) + 3/20,(g) — Na,CO;(s)
AH® = AHPxa ,cog91 = (1 mol Na;CO;)(-1130.68 kJ mol™)]
C(s,graphite) + Ox(g) > COx(g)
AH’= AH} \coym = (1 mol CO,)(-393.51 kJ mol )]
Hax(g) + 1/2 Ox(g) —» H,0()
AH® = AH,?[HZO(D] = (1 mol H,0)(-285.8 kJ mol™)]
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AH’; 03 e @ @ o 000 ©0D G &.
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8€no:
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e _ () (S) () 7 (5]
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3 x 285.8 kJ mol’!
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C:He®o O, a0 9885000 esewm ewed Dnc oenms B8O e ®ibe e¢m g0
Bug OFCEE Besbues B J 8@ eweb.
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BB 3006INGE 550cE Brdd ©ensnds Qe 8 edm8 comEumn S8e®53
20 ¢(Be OTIEE0 Db BUers me v ©. eRITI-»IRT D96 BHeds’ HESedH
0® HwdE®W, ¢wun 8.ewlndE 1Bt OEE, auSiwier a8, geEeimmden
Q2B 0 @D BB B G QREHBOCEO ORBIW WIB. §E» drews’ A6 BeHmH®
8 arder’ emntd Bw®wrd. eRis3-00 D6, andn B C5icicms SO0 ©BcIRd
8¢ O 880 Bwdo 8bd ¢Posies’ . BBw® dgensdd8 ¢iBs (Jwdm) aBa
BOens 3¢pr 96 @wig) ©BIB5N §azde e®8 @i Snd emel. BBu® v dgedds’
am0 BB Bd BEHTID.

Lis) +3F2e) > LIFGS)  ppp

0® BB e ©=00n O3 E8 Bubwiess -594.1 kI mol’ 8. e®@w LiF(s)8 e=den
CB330e ) DBIMEBB @0. wotsdn ReOBOES EB6® dgedidld coiicmrne DO wmn
B0 emedy ©88 B8wdd wuwid @tes 8¢ O et BEBe H(B ©. emned Bu®n
DIODHEBE FOBD B0eEIOGD CBNCHBO g FS (OTEE) Sl BUencs
BEOO 0®® 9O @I OB DUD.

1. o> CB8wud, B8wu® diduw @00 cubldsimme S®
Li(s) — Li(g) AH® , = AHY =155.2 k] mol~!

sub

2. Fig),F(g) 220 sc@ermdens S8
150.6

~F2(g) > F(g) AH, = AHS ===k mol™ = 75.3 k] mol™!

3. D1@g@wn BBe® ©s0®ien guBwdens B®
Li(g) »Li*(g) +e AHS;, = AH§ = 520 kK] mol !

4. ogeceldi» uBygwens »J I 8@
F(g) +e =>F(g) AHS, = AH$ = —328 k] mol !

5. Li'(g) ®» F(g) esoowibmns 8@
Li*(g)+ F~(g) »LiF(s) AH? = xkJmol™!

LiF8 ¢18ed (Beo») adBue ald ¢Bedmned suvn ¢Bedm ublecs.
LiF(s) - Li*(g) + F~(g) AH? = —AH? = —x kJ mol!

AHY 8 aoc oo CUSeds 888 veanms WE VU «.
6O $BBeds wdon OFHES dobcies (AHN, )~ 594.1 k] mol! 8= =0
oot B8wn oS .

AH)., = AH1+AHS +AHS + AH} + AHY

@ Budd 5 O BEe®s sum (eds B8 BBFPDD crel.
Li(s) + %Fz(g) —LiF(s)

O B3,
-594.1 kJ mol™ =155.2 kJ mol" + 75.3 kJ mol™ + 520 kJ mol™ + (-328 kJ mol™) + AHS}
AHS = -1016.6 k] mol” @&.
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deunds3 LiF(s) 8 ¢(8e Bwom 853538c 1016.6 kI mol”! 8.
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1, 2, 3 Bud0 wep P86 0wcd® gdan ed. g gl 4 1 5 B8weddoe & aBa
Be®ioma 00. AHBwe e 0ofwis 0 @853 LiF 8 (8¢ 8es0» 853538 8w
O 20w, LiF 8 608500 ey 0®@s oy 0. ¢8e S d53m(E8s dae 053
® guB® eewined BOBmd ¢ O18 ©. BHED BB, DI WEIVEE BB DO ©dB3
BBO mzderism §wdEw:s @85 8o IBMEBG »® 0 ® VB 30w ®53BN
RO O DI OTD.

. g Li*(g)+e+ F(g)
Li*(g) + F(g) 5
ARY,
AH®, = -328 kJ mol!
AH®, AH®, =520 kJ mol"! : b
=520 kJ mol! =328 kJ mpl! Li*(g) +F ()
] Li(g)+ F
Li(g)+ F(g) -
T, AH®,
AHY, =75.3 kJ mol
AH®, 29 =-1016.6 kJ mol Li(g) + % Fy(g)
= 1552 kI mof” ~{75.3 k3 mot” AH®, .
= 155.2 kJ mol" AHlfne g
. =- ! mol
Li(s) + % F,(g) Li® + % Fi(g)
AHY i AH (Lirs)
=- 5f9[51F{ )l]d mol! =-594.1 kJ mol’!
LiFs) _ V LiFs) Y

(a) (b)
27 cws ouvn ©ldBo e eS8 Ons (AH! 8 eoc
-1016.6 kJ mol”! 883 LiF(s) 8 ¢(Be Besd> Os5myE8w
1016.6 k] mol' @9.) (a) 883 & & S8 50 euxin®
emedm &m0, (b) Sivw €81 005 00530 ¢POa.

2.4 CeoeBn gBF @R 0EE¢LmD

2300840 BwdE

o8eenisi®n Ce0ws Besieds’ DO @0t 30@EER PwdB, OO ©silBw
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DO Goo®» Be®z3 ©y EBFwem ¢des’ O PO el OC 9O @WOD CLed DO
©BORE® @00 Oge®® NI @l BT enO6 W kB BBPwr e eDwEEw
B0 ©EB3en s DB ©. BOBEBED BBemS adasens’ ©® g YBBwr edvwS
&cwed @005 D ¢ DM OB DCOB B. WICS, 3Ow@EEL BwdBwm mseSm bl
CUS0e®8 @m0 @5y 0. 8806l JwiDEus @S5 8¢ 80 ewd ¢ @0d®0
e®d DB ©. BD ¢, O3 eens ® 8¢ @080 ¢ (B .

Beggos eces, 25 C cdensows @ 100 kPa 8am s cdes & 2usis, 850 220
80bmm@ DO 30w6.BER BuwidEws O amd, O eImo® ewe®ss 8¢ 0D ¢ o BG
8¢ 05 evoRed EB8m DICB BE O ¢ 1D OB @D «.

D08 Bexed O i D535 et ¢ IBPwm w@unur Jmci& me 8O
BP0 8¢ 00 ¢ wui» gedimiman [BEOE. mseBwme, B8 8¢ ed ¢
@000 ¢ B3B3 IR OB Y HBF DD emi® edvews’ g Ox3ess ¢ B85l O
BE02S e @n .
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3. ©53098¢ (5) vy BCBGD GRS VD eV YD BEAC BNOB. B3eIIB®
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BB, 08 Smme J K mol' e8.

e aded, cdenios, edE OO, auinloeam AC » By DO @8 widD
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@ @d. MO0 cdensided & ¢ Sen PHeeE wr ©9BeIIBwO D& DIgee IS
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006 BD BPi0m ©@om O3ei8 edmes
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03008 anwns’ (@®n ¢dedied € ¢dn YLD BBeIB $Ierwk) HDD DOBHS
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D Qg O3eiBun ©O8. 80 Seri® eEn Dr1\Ede BRDER OHE y®Iens, DIGd®
5B Bum OHC ©@1ensd & af) »® AS,., B e e od.
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»BEB5Y 00 DFE3essT 3DBeBER e BBw IS &SE Ve e0e.
2Hx(g) + Ox(g) — 2H,0(g)
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DSBS DOBIB.
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D0R5 ©@®1003e3838 01 D3’ BFo & RS DewrFesid wied.
CO(g) + 72 Oxg) — COx(g)

AH',, 0 AS’., cse38B 90 0883 25 °C & gun B8med ¢@on ondss e
DD HEHDE DOTID.

(AH}Q [COxI™ —393.5kJ mol", AHJQ[CO(g)]: —110.5 kJ mol'l,
Se[coz(g)]: 213.7 ] mol™! K_l, Se[co(g)] = 197.7 J mol™ K_l,
Se[oz(g)]: 205.1 J mol™! K_l)

8&mo:

BEED w®OD 5530¢) OTIHMEE ©dm 0 @O HFFO wOes g HHFwed
OINCE @DHE HBHDW WDOBID).

Ay = AH} ec) — A} (g5500)
= AH} (coyw1 — AH} coen = 72 AH (0,01
=-393.5 kJ mol" — (~110.5 kJ mol™") — 0 kJ mol
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2@ 95308 anes’ cuewri® 0 ©REs, D HFFO wdes & ¥ BFwsied
5308 D5 VBB DOBIB).

ASY = Sec) =S @ssem)
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3003, 800088ew@BBws amd yedtndma B v1S ©88 ASh, avn s 9O ©0®s3
DO, Do YR 1.5853 Doy ®HE 1= 1@y DS.
s & @8 edmdamenss AG), o »OD.
AGry = AHp—T ASk
= —283.0 kJ mol™ — (298 K)(—86.6 J mol™ K™")(1 kJ/1000 J)
= —257 kJ mol

AGY, eaen ©D. (853 BB 0d B3Dw@BED ©d.
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