C-4

ZoRIRGISHIEY

EILIRIEEIMIERICT

G2 TG (AF TR I &S TS...

&P .

@ @ T 2 TR

arirEE R s BT R [M : 19-20; D : 24-25, 19-20]
fafana fre ¢ e [D: 17-18]
TR 8 TRl R [M:10-11; D : 10-11, 08-09]
fferama 21 @ e «fe [M : 22-23, 20-21, 08-09; D : 22-23, 9-10]
AT, AP [M : 20-21, 19-20, 17-18, 16-17, 13-14, 08-09; D : 17-18, 16-17]
159 ASEF, GG [M:11-12; D : 16-17]
Pt fRferams ey e
i Sy v [M :21-22, 14-15; D : 17-18, 06-07]
[M : 13-14, 09-10; D : 10-11, 08-09]

et [M : 21-22, 19-20, 17-18, 14-15; D : 16-17] |
WEFES QRIS 8 GPie 1
Nt e [M : 19-20, 17-18, 15-16, 14-15, 13-14, 10-11; D : 10-11] |

[M:24-25, 23-24, 22-23, 22-23, 21-22, 20-21, 19-20, 17-18, 16- |
&9e pH 8 pH &1, IF@EI | 17, 15-16, 14-15, 12-13, 10-11; D : 24-25, 23-24, 21-22, 18-19, |

17-18, 10-11, 07-08, 06-07] N
4 ¢ *f&q fFerel 8 |
B o [M:21-22, 18-19, 13-14, 10-11; D : 21-22, 02-03] |
il i [M : 24-25, 06-07; D : 24-25] =
R LML kit L [M : 22-23, 15-16, 14-15; D : 05-06] n

I @ SHIRCT O A, wmwﬁmmmmwmmw
RO (AT e (e | @ IS wiaR B o1l I O T fofNg e (7 |

CAToATt

— i I (3-9)|



| ST WA = R0
FiFe v
E e

sfit (Introduction)

IR € (TR APPTR #fRTS GAR M AyRee g e
(O ST, S-S eps ¢ fied RfGRT e iy 7 | S
73, T3 8 A omida TeyR Hevaet, e, efegem Teonfa Rier
7 (R, CFATATE L [ITF 'S T (193 ST JIRA I NI
weifigrf gy, IR IR, Do omid, GATIRA e, Rty Tl o
oiferra o ey A P Besnfie =1 | @ 7 fiegs e ¢ #fers
7%, Soere, g RfETe ¢ ¢Io7 gorRe IS ¢ FON THHRA
ARTATR RIS =6 3= | O1R @ 71 g 320 ot ~Affaess Reavese
o7 @l I e Ry wireRom (g fe ofge ¢ It
TR TS ARTTAAITR 1%’ TR o8 Ty, T A @R
(green chemistry) 31 & AR AT I8 e |

v 1
 ELZERE %

(A) TR N, (B) vt P IS
H,$ NH, ISR I A:
Q =Ko HNRRN <ATF A

Q¢ <Kc)!
Prewam ; 8 SYIER *18 1T Predam—
fRferm b B @RER = TR F0S AR
fafermm fie s e @ ToxR et 39 F4Cs IR |

Toqd RIEFNR SMURE ¢ AfERes] R S ARE |

L EF R ® 6 L v

firg TeslaTs -l SR oy ROt FICS 1R |

vod SqrH

Chemical Change

YT A4 AR
(Key Words) @ fa= @ﬁlﬁ,
fifear 7@, AfEad (@,
e edwd, afe e
AR e 39, SR
ST 8 F19S, RIIAA pH,
TR G394, Teredq =fE,
qwEfs, QAN wtie,
ssere, ffer otet, g3
Siot, 759 S |

Rferm 1fq so B9, B9t @ Tg AR LS TR IS AR |
LORT A2 I0A e S e AR fort @ FRA F0S AR |

M- rePricaE A orar awa R AR FfeFs AT I IS AT |



IS ARIE 85

b. S o @ TR 0 AN |

5. 3 TR @ T FTS K, K, R e efoei @ o T 7R [0 IS AR |
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(%) | AR | 15 RZA (Use renewable Feed stocks) : 381 FRI=aisly ST571e
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C(s) + 0,(8) — CO,(g)
Tegd fafémn (Reversible Reaction) : Ifi Tt IcmfAe Rfrm @3 sine sTefis e
11T (ATF AEf TW, B ¢ RfeFe Toyd Rfen ™ @) e,
IENEA 8 WA «f fam oied)| @ef450°Cleisan Tee 71 T @3 I @, A
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Hy(g) + L(g) M 2HI (g)
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@ SIEAIfR Besty 2w | wéfie B Redie e o5
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TSR TGN ARG ¢ NT 3w R o= Toyd ffemm mvfm%ﬁﬁmm
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Hy (@) + I (g) =2 2HI (g)
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(8) Teud R Fliend wenE fivwe i (=) Brew 1 @@ O (—) frew RS
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A®) Toqd R v s R 2w oo Ritrm Qs W o R s S
W |, UEHNRI™ 44T+ 46=0
* SIRFSI 11 AP RfF BogR; egears g @ R 2 71 | 39 RRFmewEs
¥t T R afe Rereyd Rt 1feq gomm 9o’ @ @ @, @ 77 RiFs Sereqies
IR T W | 70 o Ricrredia wwg S w9 T, vin e R I e 3 @ ) AR
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8.2.5 I ¢ Ty RfeFma Arr=ifts wonea
Inter conversion of Reversible & Irreversible Reactions
Ted Rfere a3 32w Boim : Toyd R ey | @ o Riteme qeg@ 91 5mid ==
R | fAee Ty fRfiFe qvg Fam = Somm weamsa w1t ==
(3) 3% #iiza ToyR RfeEme et sivg aFAIA : @ <iva A RiFreng o 3l a1 o
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IR : 95 A CaCO; &3 Rraiem Togd); g car «irwa « it s Teaim 314 Ok Sk
R 21 e v am | T [ wwmdt =

CaCOs(s) &=  CaO (s) + CO, (g) 3% N
CaCOs3(s) —B5. Ca0 (s)+CO, T (g) [ =il
(R) RfdmeTe SEwss wommt 3 : 93 Teoiw g4 2T wysfee Trm RiFa a3 q® <)
AR : NaCl 53t AgNO; 539 QM 37 AgCl @a Sugt#+t B =0 e Rfsrma afieet 2w
W T NG | T R g =
NaCl (aq) + AgNO; (aq) —> NaNOj(aq) + AgCl (s)
(o) AFTRFRFEI Beetiwes RTFIET (e St 30 : (I Bemes IPRfRTei Rfdres
e HRw W myge Tegd [fe @ wq Tw )
BTG : 3R BB ST <Nfa R 2e%e ST @ wifibe «fre Seg 2w | Rt
5 Tog RfdFa

: CH3COOC2H5 + H20 = C,H;OH + CH;COOH
ECIELAS 1514 R WA wifafes afre
f¥ferm G NaOH @ 9031 ot Berig @Bires s R st cifeaw
@ | T fedre Rfirm sigafbe 2o ot 1 | o e Rfer Pt gl

CH3CO0C2H5 +NaOH — C2H50H + CH3COON8

g0 R Aot t RfeE o7 '« R ew @99

Rate of Reaction and Unit of Rate of Reaction
I TR R o 3 TN @ YR Y W, O Ricram 27 3t sferat 3= 1 Rfdsam s
e TiaR A 3R BeAitra T 3 Wb, wﬁmammmmmﬁwcﬂw
INTW
Rftrs o : afd g3 T Rfdmees wmatge 3 Rfermm 38 Sesinm wma 3w e
fferma g 9 | widie

fRftme 9t Besiitim i@ Affesq
IR 3 = g e 1o e CQ 3,-) m&
-, Rfsre ga w39 = P——— e & f’n‘ﬂa -1 S -1 (molL-1s71) = (Ms1) |

z‘?’T =T
8.9.% mﬁwmﬁmﬁm* MW
The Rate Law or The Rate Equation and Rate Constant of a Reaction
&1 faFura 3@ ciee RfeFwa g9 : o3 GFr @ e, «3f [ stommar @it R aoee
e Rfrms g @ Ridem swerge swfiend wve el R o wwe tqre Ao s’
TN T | fern o o RfFns qadn oFa ‘G T (mol L-1) <R Ay Rfcrmces
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CFLR ST BN QI | oA Rfdws 2w ofef Rfdraa cem waamae sgeifes «e ot Rfeass
ESIEE TANIAR TS ST | GUHE G5 AR Rfdram e 1w,

nA — BeAm aA + bB — Tes
- ffEma g9 o [AJ . TR T3 o [A]* x [B]P
?ﬂ,%=%§=kx [AI* ... (1) 3, R T =k x [A]12x [B]Y... (2)

T (1) @ (2) T fram My 2@ AT G k LE APRes 433 |

qFTSNA ©F fFT= 3@ e, 2A + B — C + 3D RfFaifba ovwm, RfFm3w =k x [A2x [B1 = |
fferaR-27 TReaeR MR TH 5] A 9 e TS Al | @,

Te8 N,0;5 (g) «R O Rrarem i oo sere Aliead ¢ o1 frw @ wre 77 AT
TS ATFIG TS Rfer-Zm FAMPace e 7Aooy 7 |

ATSFS TS : 2N,05 (g)i> 4NO, (g) + 0, (g) il T A

* 1 = 12- ~ 9915 e it»ﬁ]

w3 fora o wre Rfern-29 =k x [N,051% AT 22" f®) molLs~! (%) molL-'s

* AR FeTeored [[IPH-TF =k X [Nzos]k (1) molL-1s~! (%) mol-'L-!s-!

R A% 5@ : A/rF-rfrrwer Fawe PR  F 3 GIFIfEe Riews [ Ry Ricma e e
fRfeaes ciem TRwam = e P w9 TEm | G TIRE ARes e fferr sfem
3t RfFaR 77 AT I3 | Joar @At Rfgam +frweg sarafefiys @ sl wa Rfewm

T A A7 ¢ Riares wnar 7 gt Fa1 27, ot Rftsam g sz 3 R 4fS 5@
QT |

e—— i T R
) BE +LE % OHI () .  RREIRZE =k x [H] x [1,]
(2) 2N,05 (g) A, N0, (9)+0,(g) RN TR = k x [N;05]

(3) 2NO (g) + 2Hy(g) A, N, (g) +2H,0 (g)  fRf&FI™ 29 = k x [NOJ2 x [Hy]
* TSRS HA14Eet TAFA 6T @ aA + bB — ¢C +dD

* o7 farae o e, R 29, r=k x [A]2 x [B]P

* AqrFreTg Tered Weo, RIETR T, r=k x [A| x [B]Y;

* qUHT@ m 8 n TCE AAFEG (G 7 T WHEN RfFT A 8 B 93 (TR T99@R e A

power. 49 (m + n) ¢ GG T=eF RGBT TF= 21 reaction order I | BTG ATSS Aty
FFAAR 72 (coefficients) a @ b-« AR Riew v R cvm @I 74 QTS 1 |

fRfFam T7 539 . @ IR, 9@ ARd [KfFa & aA + bB = cC + dD 1| I @ R[fgFaR
RAFETG FAPASIGF A @ B 7 (WFAR TRAR IS IWEH m 8 n I; o3 R S @ s,
RfETR-79 () =k x [A]™ x [B]"; @ k 926 99 |

fafeFaa =zrm (Ms1)
[A]™ x [B]"

@3 fsft RiFaraa Tma 1 aiea =0, [A] = [B] = 1 molL-! =8 ek i am =k x 1 x 1
=k ($39) - ik RiEFR 2R @6 39 IR 791 2F; 9o [ 219 4699 (rate constant) 307 |

R T 32 A : 9FF AR TR Risee R g &1 Rigam zm
I3 I | G WieeifFEs Rfdrara gae (specific reaction rate) I TR
- (IPTH)-38(F)

s k=
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fRfem ga g2 & .

TAA-QA QA

(3) = fiffe Riemm cwvea Golb NP3 wremiam @ TR 79 $33F (k-99) W19 31 7 e
AT | F5g Srommm ARG e @ RfER 2R I3 Tie Al )

() R e oy Ry Rftrm vt Rfrwm 29 43F (k) <@ e fog =)
(o) ffeFam 29 3037 I @ e o @ RFwR @ A W QR T 93 YT PR T 0 A

R @I

* grifRe Rferam 9 ¢ Rt TR £ IRER W Feare 6 e sefiem ort 3w | @ m—

ffemm = (r)

RfFwe 9 £33 (k)

Pl

S5 afe a TR e AR R ToRE,
g T, o @ R (i ()

Mmmawmmwmmm
fafemm zae @ Rfsme R-¢99 (k)
Q|

(<) St~ Rt 2w AR 2

\

(%) o ~fRSE R 29 9 TW
@ AfRfEe =1

ARET T R YW ARSI 0o

(o) e g e Rt e

(o) wtorma i vy et T
ARTET TS YT FIFA MAF @A

ARRET T A |

(8 TR TR (r) TR e A 3 |

/

N

(87 RftFam 29 &< (k) TR 6o e
A | 4f G 7T |

(*TF fAeaT CPed atm s~1)

—

_ Me) R Twam @3¢ molL-1s-! A, Ms~! 1

() TR FART 9T A A ARAFIAST
fAf&FTR @ (reaction order) €9 €°F

a3

foras TR e g 3t sfewaem U :

1850 %1 R L. Wilhetmy ¢ emfas
TR @, Rferm 7@ 3 sferan e R[fermeTyza
TANIAR 8o NS 901 | @1 TP, 3 2w Ridam
TR TN : A > B, @ Rfemn Tt s we
et wdfie RfFws A (9 Testm B B xS Ao
fAfFaree T FACS T IR, WRME T
T TS ACF | O Awewa oM R w1t
TeAIHA TGS AT (AR STARS (plotting)
Tt f5w-8.9 @ TSt @fo@ ~ie TN |

FeER e [RfGae Wt Bemqa @ wram
AR @R qfoTe ~nfe w&w I3 &fS cwea o1
i vz Rfear A saram

Ber%

dx
dt
I _de
b at

I’%' 1 1 1 L
t t w7 (1)

foa-8.5 : TR e Rfews 8 Teotmm
TR AfEeT )

0 1

@S R TR IS (ATd WA I/, (t,— t)) I, At TR I Rigaess gvna

W@:(Cz—cl)=— Ac
- Rfer 1w e = (2= 1) _ “Ac

T(h-t) T At

—dc

| S Y T CFT @ W~ @ A |
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R AR ¢, TR o Ritres v IeEer e e @ =pfe ST @ Semar view
bic 5’ mmzmtzmﬁm;ammmnmmﬁwwmaeﬂamﬁm
’-m@mmammmd Neq TR | ST (AF TR @RI W o7 s aemfae
fferra 29 G s, e e e Rt 2w Faee A | wdie @ et Rt zm [fe T
e s RS T e o R | . R oo 31 R T = = o

-tmoﬁﬁmmmm x_tmﬁw'ﬁwnmwml

Wcmm e wwmmnm IBEHIRE (Nzos)«m%ﬁmwwwﬁ NO,
M8 O, MATAFZJ 1 2N,05 ® D54 4NO, (g) + O02(g)
IR Ity IfqA
« RfEFE 2 mol TR REFTE (N,05) (¥F 5 mol AT BeoW (NO,, O,) Besig 26T, TR
I e st fefeeta v1of 3R ofr | OR AreT feerm o1ef I ot RigTe (N,05) @3 cnera v
AfFTET 2 T3 T | 53 ARAM-8.5 @ 55°C SiANAR TANAIR ARIST FRITA ZE |
AAM-8.3 : N,O5 & R (55°C) Rfer @ TeoAwz Toiar 21fiasa sweR [eris 7wt

T (s) N;0Os (mol) NO; (mol) | O, (mol) L L

0 0.020 0 0 TH) G ANED AN
100 0.0169 0.0063 -0.0016 N,05 @3 frarens a7
200 0.0142 0.0115 0.0029 cIEfRbage 9o «ae
300 0.0120 0.0160 0.0040 | T NO, 8 O, <&
400 0.0101 0.0197 0.0049 e 3

500 0.0086 0.0229 0.0057 TR |
Ozmmqﬂm—£=(t2 W 0, @ M) — (4, WA O, & )

th—1t
_ (0.0049 mol - 0.0040 mol)
- (400 s - 300 s)
TMYHFS F01-8.5 : A - B RfFnfbre A @z eefi= <rar 0.275 molL-1 a3 Rfemm
o3P Qeu 5 A% 20 CIF® AT A-qF WHIAZT ¢Ttw 0.125 molL-! Toomt | @ ew otp Rfeww
o ﬁ‘fﬂ )

=9 x 106 M/s

= (A lA]) (012520275 moll™ _ , 6475 104 molL-11.571

-~ T RféFna 29 = 4.6875 x 10~ molL-1.5-!

TAMH-HT (TA)-58(*1)
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& c1m seerz RfeFrs ¢ Besmmn @am Riwm o= %ﬂﬁf@?ﬂﬁmm‘fﬁ'ﬂ‘iﬁmﬁﬁﬁ:
aA +bB - cC +dD

qrEta YR R 2R femd g s w

__1 dA]_ 1 dB]_ +1 dCl_ +1 dib]
mm’r-a'dt—bdt S e
(T3, N,(g) + 3Hx(g) — 2NH;(g) ‘

_ AN 1 diHy]_ 1 dINH
aFE, RfFaa g9, r=— R 5

TR T1-8.2 : e @ e cows Rdrnms g fifn
SRR NN T R QoA TR s T 3R TS | @ SR e
FRONCTAA Teoig W | @ R Awerge aleaeft 2@ ;
C6H1206 (ag) — 2C,H;sOH (aq) + 2CO, (g)
(F) YITEA FRACTBH (TP YA BeAM QR (39 99 |
() R w34t w8, A[C,H;OHJ/At 8 A[CgH;,04] /At &3 TREB =12 |
WSl (Strategy) : Rfer 7 R swoR® siliew eters BomitT e e 77 99 |

FAYE (Solution) : (F) JTFad TS, 2 mol JXFE TeAig TF 1 mol oIS ceilzas | F[eAIR 2T
TeAT RA JL3TE FIRCN QAR el | () (TR 2R Teoivwy 29 =0Tt = 5 A[C,HsOH)/At
R YIS ﬁmm m A[CgH,06)/At; (77 %1 Rtz %) |

- RRAI T, r = 4 x AICHOH]_ -AICH,,0,
. GO0 W04y T T, A[C,HsOH)/At = - 2 X A[CsH,,04)/At

TAYAFS TP1-8.0 : WXF STt RGO orBrarme Rfers T NO, © 0, 155 Besig
LU

2N705 (g) = 4NO, (g) + O, (g)
«q fifemma cvea 3 6 GRTE NO, @7 w7t 3.0 x 103 molL-! I =R, ©rR faferam 2 ffa

SEl
Y
== i[NA(t)ZJ quaTd [NO,] = NO,-9% Tqs1@t = 3 x 103 molL-!
1_3.0x10-3molL-!
=2% 6 feo At =TS [GIL = 6 sec

=1.25 x 104 molL-! sec-!

TARH-5T (TPT)-38(W)
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i afefmm (1) R 29 ¢ (ii) [ 21 o9 @3 e (i) [fETm @9 (Order of
reaction) TN G3fG YT oM’ (term) =R | [RIFTR TR ¢ KT 27 a7 oo s RS 03 |

fifram wor A ;- [fsar 29 Rdwr Arefsfes vama spme @ [iem g9 Al
ffFares EPRRS eo@ @ 319 9IS A, S0 TWEeE @ RfeEm @ 9 )

R o= [ : @ 719, 93 [ferm mume fwad 2@ aA + bB — Teoim

AFrFfSfee weares P, R 29 =k x [A]*x [B]Y

g, x +y = n; ok RfFma @ & =n

(3) n = 0 @ (AFR Fenwa qee), RN G (zero order) e 301 | Y@ ffwam
2 RfFms Tawar eo@ eaim 3

@@, Hy (g) + Cly (g) % 2HCI (z) [t greifs fifewm]
- o RfEmm R =k x [H)0x [CLIP =k,

- k 99 @FF = molL-L.s™! (AW 4T9) 2 6‘!: © 9:5\8
l ae 6
» )
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(R) n = 1 T (AR ToArER W), [fEFnidra aes @ (1st order) Ricrt 331 | aox & Rfdam
mm\a;ﬁﬁmmwmwmmaﬁéﬂﬁmum,
2N,05 (g) — 4NO; (g) + 02 (g) . Al
. TR 79 = k x [N,05]1; “’—05 2N OZ{"LO;_
s e «os M.
R S T s1)
(0)n=2'{CET(WWW),WWWWQndorder)ﬁWWlﬁ@ﬂm
ﬁmmmmaﬁﬁﬁmﬁmﬁmmwﬂaﬁﬁ%mm,
Hy(g) +L,(g) — 2HI (g); 2NOCl (g) — 2NO (g) + Cl,(g)
2NO;(g)  —> 2NO (g) + 0, (8);"NO, () + CO (g) » NO (g) + CO, (g)
- feFr e =k x [H]! x [L1Y
i R 999 _ M
C K =T X ] wass - M2 M5!
(s)n=3m(ﬁwwmm),ﬁﬁmmmom order) Rfern 3w | w&w &
fiferia 27 < 31 g Rt TR oF Ted eor fgae = | @,
\"2NO (g) + 0, () —> 2 NO, (8)}-NO (g) + Cl, (§) — 2NOCI (g)
. faferam 99 = k X [NOJ2 X [0,]1;
fRferae T @39 Ml ——
K B = om0, @ awe = M NS ]
(®) &ew & Rferma et : @ [ferm 29 @@ e RisFres @EmR AR 59 Wed A
7@, ot ¥ @ fafera 2w W_gtc_%’t‘- k;Cl; @9t C @ x Tt v Rfsrs @ Testimw

@ |
* gon o RfFT T 573 (k) @3 Tl Ry
o T RfEFaR AMeaemeet Woea TigRe TR Reasat a1z
AR > Tem@®)
SIAfE T a mol L-1 0 mol L-1
tAF A GNA . (a - x) mol L-! x mol L-1
SR @I ‘+* AT 7 92 foram 9@ woe 9 &y R 2m R
(cilt o(a—-x); ¢/, ((ilt =k; X (a—x); 9, za—d-xx—)=k1xdt' amk,mmmml

@ FANFABT T TN I AR, f(a x);kledt
qd,-In(a-x)=kit+C; AT EFIF) ... (1)

Rftrarm ored adfie t = 0 7 O x = 0 TH; @ ¥ (1) 7 A=A IPICR AT,
~In a =C; (IR FIF) | Q T (1) 7 T IR 413,
—-In(a-x)=k;xt-lIna; A kyXxt=Ina-In(@a-x)

a 1 a 2.303 a
ﬂ,klxt=lnm;m,kl=?xln(—a:_—ﬁ; k, = = Xlog(a_x) . (@)




R oS 80

* g o R oft tafHes .
Y 5T @ R e e o |
i) 57 7 R SR (t,,) R @i wemam oo e @ 71 | oot R Seifye
ffEFras S A 50% T wAfirs e (I wds SR @) @ TR wAes, o RfdFwba wdy

(ti) T _

mwmﬁﬁ&mmm (kl)ﬁfimmw @R 183 T 71 | AR o1 k; @@ T &3

UF | IV kg = 2303><1 Ea- x)m‘a’\e‘(a X)" (IR AR ST BEd oiR |

* et T RfEFN A IR W T @ G I
g o AR Rfie EIETR T ‘2’ @R t T o TeAne TN x” @ Rfga 7@

mﬁw@@-

1

k1=Tln( x) ?Tln( ix)=k1xt; <, In

@=—klxt

31,(—a;—x)=e"kl><t; A, (a—x) =ax ekixt

e e e T (a-x) =0 TS TI | A, 0=axekixt

m,o:ﬁ; A, ekit = 5 = oc (SFI) | GUF ky # 0; O t = oc (SFAT) T 1 O 35 TP Ry
IR A ARSI IR A |

* gl @ R QY (ty,) Qi wat 767 @ @F? 93 I
2 T RFEFR TR 0T AN t = t,, 4R x = a/2 IR A1,

1 a : 1 a
k; =?X1n(—_‘7), , t1/2=E'Xln'(a—_—a72—)

4, t1/2—1(1 xlna/2, 4, t1/2—k X In2; 4, t1/2—0k693 | @ wérgR Afewd fferren Qe

@uw>wmﬁmawwk1Wmml

awwﬁﬁﬁmmﬁmmﬂ#: ty2 = 0.693/k;, TNFAY TCS, (FA 37 T Rferwr @1 awe
SIEetd 1 mol e REEFTS 0.5 mol “fRTRd AfRide FA0S @ FIT AN, L TS ST 0.5
mol Rf&FTTF 0.25 mol AT AfRe TS & G 7T AN | GFTSIR @ f/AE TS 0.25 mol
& 0.125 mol @ RIS FATS G TR N | bR T 37 T R ¢y, 97 Sy

(R) RRdm o Rferara At | @ (iR 27 @@ Ta Riswes creme swaam of a1 (g W
TS wedt gt R war eoFER Ties =7, e 3 o R[few 3w

W"ﬁg_gtc—(;)t(—kzc |

* R 7 RFEFA T 9 (k;) @3 Afrn B

(@) w=fowm RfFrs (A) =@ 3 @ (i a0 fame
2A (RfFs) —  Beam (B)

ARFT TTTG : 2 mol L 0 mo] L-!

¢ TN [ gy (a - x) mol L-1 X mol L-1
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TSR P! ‘" TN #1 & {17 77 wre o3 v R R =3
%a(a—x)z; ﬂ,%:kzx(a—x)z; QT k, T {3 & [ferm Q9 679 |

(d_xx)2=k2xdt; Q ANFACR T T T I AR,

J x) -kz,[dt ?T,(alx)_kzxtw.,z(’i‘oﬂwm) (1)
wﬁMmt=o,Wx=oma:mm(nmwﬁwctaﬁmvni,cz:al !

1 1 X

1
AU C, I (1) R R AR, kyxt=m—g5 -5 W k=tXia-%

o) e 3l Rimefeies 1 o fifFam 0 699 (k) 9o sife=e |

* R8T & R w4y (ty,) @3B 79 AfdFwes A =@ (a mol L) IRigeifes
W

k2=l ﬁwqt—tl/z X= MZWWW"HQ

a(a X)
t1/2=ki2 l ?ﬂtma [m WW]

Mfafes sem-y | mmwmwm 15 min T RfEFnfea T7 533 37
YIS © HYTS, ti2 = 15 min

W_\mﬁ, 1/2—01?93 e =M=9165£=462x10‘2mm‘1 (W?t)l

N TPm-2 | @FITT aedw @ Rfemn weds A e 400 s-q Rfere ) o
AT WG 9F-HEt ~iwie SR PFR?

AT : SIS, ty, =400 s
Ripcifcaich aﬂamﬁmmm_og% k_04g%3_17325x1(r3s—1

AIMF Tl 2 T, GF-SR A S1EHY Aeee widie (a - x) = a/8
2.303 ~a 2.303 a
Wﬁlﬁ,t— k loga_x K 12'a/8
= 7322533310_ log 8 = 1.3293 x 10-3 x 0.90309 = 1200 s. (W‘ﬁ)l
Nfafes Temt-0 | 93 ey @ RfdFra 30% IR T 60 A | Te RfeFnfon vy a3

T 532 A w0
AL : G BeAM, x = 30% a = 0.3a. GIiB 3N, t = 60 min.
2303 i 2.303 a

A4 & RIGTR YR 4§35, k = loga S k=g 8 70733
2.303 10 2303XO 1549 e
M, k=g5"nin 108 5 = 60 min = 5.946 X 10-3 min~!

. 0.693 0.693
R, Q9 T R o4y, ¢y = k9 $946 x 103 min=t = 116-55 min &)




IS AR 8¢

sifafss TTI-8 | 93 ST T RfFw aRRF Tt 0.6 mol-! ¢¥TF 0.2 mol L-1 I¥1am
I ¢TS5 min 7Ww 7ey | Ricrnba 27 35 397

TR : 2 @ [fEr @@, eppre, fiferates e T, a = 0.6 mol L
k=2.3t03x10gaix 5 min */¥ T9NE; {(a — x) = 0.2 mol L!
¢ AF, t =5 min
2.303 0.6
=—35 Xloggs fRfFm RS, k="

=0.2198 min-! (%)

Aifafes em-¢ | 35°C Sremias CCly T RGITE CITTHIRE @t aas-mm
Z ¢S FS AW AT @ Srera k = 1.35 x 104 1)
A dl’ﬂt‘{x a/3, k=135x10%sht=t)3="

a9 2 R T T TR TS, k—2303 log ——; 31,t=2'13;03 log

a-x’
2.303 a 2.303 .

Hfafes FTem-v | 36 wmﬁﬁmﬁww s Rferrs Roifes @ 300 G3Fte |
FOFY o7 @ RFTTT G- FIFHB FI?

Y ; 2w & R[fFam wdy, e, IR W4Ty, ty, =300 s
0.693 ffFe A9 39, k=7
Wnp="%

2T T = a (40F)

. k= 2093 _0.693 { ST 17 SRR AT, (a — x) = /8
K="t " =300s ,
q, k=231 x 103 571 SR T, £ =
aom @ R 29 3 ANF
2.303 a 2.303 2.303
k==—"7F— xlg(a X))’ W!t=—7— xlgals,mt—23lx10_xlog8
a, t=2—'3%§11$x 0.90309 = 900.4s (&%)

Hfafse -9 | ordre @&, @3 v 7 R Rt 99.9% 1T XS @ 7w wien,
ot Rfsra Wi iy LeAw ANER 4 10 ot T | [qET 2038-"3¢]

AT : SN CFC@ a = 100 mol L1, x = 99.9 mol L-! @k,e‘t’mW@ammu
37 ot R £, @R F@ O TS THER Tl F0S A |

L 100 1, 100
—x) -t XM {@00-999 -t <01

6 908 a

wm:h:%xln(

k=

3 CTA ﬁﬁmﬁa Wy (tm) <3 vﬁmm S,

0.693 0.693
up="g, » Sh="

6908 0693 t 6.908
e (1)@(2)@!@9\13 = .-.ﬂ,—2=079—3=9.97=10(ena)wﬁs\
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MARSS ATy 1 500°C Storam MG BB (C4Hg) @3 RETe @I 3% @
Rfara | o Rfémm T #3992 X 103 51| ¥% TR 1.0 M G309 90% RATAres 3o 37 5w
AR ? [REA% 2038-"5¢]

YN . GUFE a = 1.0 mol, x = 0.9 mol, (a - x) = (1 = 0.9) = 0.1 mol
kj=92x103s! | W9q, t=7

1 a 1 1.0 2303 x 103 s
k=X Ty it= gk g W t=""g5—

MATT STET-» | WET T TP e TRFRAP tofr a3 37 T fiferan |
500°C-9 k; =6.7x 104 51 T | [T (FF1) 050-"34]

(F) MYFNATATA AIFE TNt 0.25 M 2 8.8 min #1F 2 TA@l T Ar

() FMSFTLTATT TNl 0.25 M RIEZF I 0.15 M TS T TR AIE?

YT : (F) QUFW, a=025M, t=8.8min, k; =6.7x 10451, (a-x)=?

1 1 025

T, 0.35376 = In (0 5 t‘hr 4= anti-In R vn?

x)’

0.25 0.25
14244—(a X) q, (a- X)—l4244—01751\/[(%\93)l

=250.33 s (¥%9) |

(¥) arFt@, a = 0.25 M ¢« (a - x)—OlSM't— ; kK =6.7x 104571

-k—l 1 a a, 1 025 0.5108 x 104 s
SRETXING TNy t—67x10~*s—1><“015— 6.7 ;e -
(
A, t =762.4 sec = 12.7 min (T&R) | Mfd\ DL
8.9.3 ﬁmmme«mﬁmﬁm uz\o vw (R
Factors that Affect the Rate of a Reaction L, 'f\] it

@mmwwmm@amﬁmm'@mmm metmm |
(%) SteIat (Temperature) : 4R Sl e e Rferam 2me /& ) @@=, Enfeam
ATAPTECED (NapS;03) @/ HC14Rires RIGFR ot (il T 20°C SIANIAR STeTicad Si4sTseid 219
TS W; 30°C SN AR TYLHFA R G Rerea @z |
Na,8,0; (ag) + 2HC1 (aq) — S (s) + 2NaCl (aq) + H,0 () + SO, (g)

R T e+ Sivm@T dor) ¢ 9 [ (Impact of Temp. on Reaction
Rate) : 1889 R eyre et «p1, SURRARIA, (S. Arrhenius) séeien RRFTR Iww @oF SiomaE
ST WA I3 | T el e @, et 3 10°C ot 3 &y & 7 R 2= fRect 1
fomect 3 o | <@ el A LMAT— 89 ,20-71 Dfﬂj

Qmmqf?wmwﬁqummwrsnamjﬁm
- quammmwmmqﬁvnm

iii) Sffeen s Rfdvrs w9 RftFar w0 armedy A« we 3@ Rt set age
A PP |
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(%) et S (activation energy) : (I fAfiie Siefmar e R fiferaea @b s
AR SAfE TS w1 S @I Benw R e i wwerw @ s wive e are 3w
RfErT S argre STl i I, OIE @ Rt e R 1 | R @ weprR T e
%WWWWHWW‘I(MUVMM molecules) | FFT TTANR (331 Rferar e fAce
AR R SE SeeTetl AFRIFS 7 eR 188 e wedt Fre < =

el TR ST 3R S A 1 ¢ R Iem 1 aere o e sl
ToIa I, afbwnmﬁmwmwmﬂﬁ%@lwm{ﬁmﬁwﬁmq

< p Z BN

w S \\ L maT 220

conitinl EiEsc{tacton . fract.ion of molecules with ! a3
i collision  activated energy to react b- ’J
Ll i rate Hare 1S o8 d

wém cﬂﬁ?ww&" )

FI G R AR T T K k= AeTRT
9T, E, = RT3 7femnd =¥, R = A4EAR 7% $3F, 8.3 JK-mol! T = 3 St
SRR SRR o o0 natural logarithm T 1R,

Ea E
Ink =InA -5 ...(5) 9, log k =log A -57353RT
T, 6 T, S T RRFITR <9 9% TUT K, '8 k, TH; O T3 (3) QT AR,

Ink, =In A -—Ea/RT; ... ) Ink,=In A-E/RT, ... (9
G2 (0) TR ITNFAA (AT () T TN Rt I AR-
In k, - In k; = — E/RT, + EJ/RT,

g ~Eap1 1

I =g" [Tz’Tl (8
k_ E, JT:-T

gt =-gx 4] @

k' B [T-Ty
W, log = 7305 %% [T ] ©)

(%) 72 Rox Sremarm R goes ot : # R T 27°C sy Rdfe wfiwet f&feras
AfFne %3 wW, E, =55 kKImol-! a1, 55000 Jmol-! R | WA ¥, 27°C @ 37°C SIFN@R I
RRFIR T 499 TR k; @ ky | OB 10°C Sl 3R 0o & Ricrar QiR ol #31 T




8RY FIRF-A 7

WRERATCR AR T, %@, E, = 55 kJmol-! = 55000 J mol-!
W £3F, R = 8.314 ] mol-!K-!
SiFal, Ty = (27 + 273) K = 300 K
o, Ty = (37 + 273) K = 310K

A 5T
log > = 3303 R X T.Ts ]

. 55000 J mol-1x (310 - 300) K
08k, =2.303x8.314J mol-T K-Tx 300 x 310 K2

- log ll:——030887

‘. llz—f = log1(0.30887) = 2.036 = 2 (&) |
ko =2k; ; TOAR 27°C SN (UF 10°C Orowfal I’ 901 AW 7R KR 9 739 fwet
TR AT |

Twiza 10°Ct61°|ﬂm§f?€c3 et fferm i sgprR Pt e R e <t o o w1

T
27°C-4 e wigie R Adfe amedn Afems #fF, E, = 50 kImol-! 1, 50,000 Jmol-! |

ORI SRR TR qre 7B RFR ¥ 300 K ©1#=@m 50 kJmol-! feFad =& ehe
T ST SRied (e-E4/RT) fmziest 7R 021 4w | (W1B S92 ©xieet T, £ = e~EaRT) a7 |

-50.000_ 19
-, f = eEa/RT = . 83x300 = ¢-20.08 = | 90 x 109 = 1010

widie 300 K eieiwiam 1010 5 w97 ey 1916 a9 @ «ifeme sfernet =S o R wot ¢/ | e
310 K St % Ko @ @363 Aferme e 218 oiis wigm eaiced w513 0@

-50.000 36.3
f=¢-EoRT — ¢ 83¥310= ¢ —19.48 — 3 63 x 109 = Toio

wdie 310 K S1omi@i 1010 f5 Sioq Wueg 36 wq @ stfernet =R coim Rfemm Wi o7 |
oA 10 K 31 10°C ©rormay e Fee 93 Rfsrm fed siearss [fvrre wiq ferme =% are 3w
«Re Rierrm 79 e feedt 3% IR

\

() cofoq et Afarmer =fE e - 4 |«—loga T, m=tane

SRR RN PR, = Pooa By PO
Ea E, I 2303R _ QR

k=A¢ R 3, Ink = InA - & N

3, 2.303 log k = 2.303 logA—%: ik

a, logk:—(z-fﬁ)% +10gA ....(%) 183 : logk W X a7 e

(%) TN TR ANFR, y = mx -+ ¢ TPt 37



AR AR 8%
oA log kw%aacaaﬁ?mww 5 Tl sMeT T, T T, m=—“—2_;36’3R@'

-E, 99 9¥F  _J. mol"! -
R 93 999 _J. mol LK =-K (&%)

* 7] 9, SURTRINAR TNa0 b0 o el AN @fon (K); fog e & (B @
T T | @ (AT @ T, A 8w et IRa cwea e s e e Afame S
iR &P TR, refbta v STSIR ST (steeper) T €3 R T4 375 STl @A 73

* Jog k I T-! (<fbrad (3, T39O, m =Z;—lg"3§r§, ©4q E, =—2.303R X 5ItFR W9 (K)

* qUFLE DI 999 =

* In k I T-1 @Ifotas (@@, T4 51, m = lf'a Y, O399 E,= - R x BIFR 1 (K)

* I AR e *f (B,) At sate o e R[Sy oo Rigne 2@ £33 k) T
ﬁ‘f’smlong%tﬂa @foT T 9 W | 97 FE @ TR e IW | Hra @3 v NF
Rferafba AfeFme =ifE Ao s =)

* ST TR vy TG TR R ov 7w, R {30 v Rfern wedt g
foferam cvrae oft TSI owTey |

SAYTFS 8.8 AT S HI @ Rerer fferm fom o o Siomimam (T) 29 49
(k) e C98 Ink 99 T-! E@LBA (A1) TFF I 1Y SHARIR T “fhem ¢l — 2.24 x 104K
fRffta A & st

-E,

WSt : Ink I T-! ERFBEE @R @A TF, m =g W | FRA O,

T T Ink = 22 x 5 + InA

O¥, m=tan 6
ANYE : Ao 1, E, = - xR i ls
T P v = “—a —_Q
o By = - (2.24 x 104 K) x 8.314 Jmol-! K-! g R QR
: 9
0, E, = 18.62336 x 104 Jmol-! Bl g-—-OR N
- 51 i
1, E, = 186.2336 kJmol e s ide
. Rfernifos sfeFnd =& =z, E, = 186.2336 kimol-1. R = 8.314 Jmol-! K-!

HNYAFS T01-8.¢ : AT S N,Os a7 e fferam fog fog @afen sivmam (T) -9
33 (k) s 321 T | &g ©ST (data) (ATF log k IN T-1 (F1Xf5Q oI&w A 218 TR Ot
-96.5 x 102 K | fRfermifog Afernd =& se=1 w21

wHet : log k W T-! cmﬁmawmm,m=2—g%§mlmqw,

-E 1
‘{ﬁm‘f logk=mXT+logA.
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TR : AR *f%, E, =— 5% x 2.303 R t P, m = tan 6
° = - (- -1 -1 i —i =&
v By == (-96.5 x 102 K) x 2.303 x 8.314 Jmol-! K l _ =it 0
A, B, = 1847.7 x 102 Jmol-! &t ) R
3, E, = 184.77 kJmol-! FIL, =« n
TS, TW = -96.5 X 102 K
. Feme =¥, E, = 184.77 kImol-! - R=8314Jmor! K™

AAYTFS TH-8.% : F SIGH HI 49 Reae g9 39 283°C € 508°C-9 AN,
k= 3.52 x 107 (M-1s-1) @t k = 3.95 x 102 (M-Is!) &1 2HI(g) —> H,(g) + L (g)

(¥) o8 SRR @ Rt 29 g TF e Riisas Al S @ =)

(%) 283°C-4 TR £3% ¢ (F) (W3 RS E, €2 T (A3 293°C 9@ Rfnde T2 437 (k) @A
. ~k; -E,_[T,-T

TS (Strategy) : WRTRAAICT Tw, In g 2 = P x [ Fr2 ]

@@ Ty T, @ T, 3 7SR W= I/ E, Gifemna 1) Frfar )

FMYR (Solution) : (F) k; = 3.52 x 10”7 M-15-! @qe T, = 556K (283°C) |

k,=3.95 x 10-2 M 1571 ¢’ T, = 781K (508°C). R = 8.314 JK-! mol-'.

. 1g 3:95X102M-1s71 -E, 556781 i
© ISR 10"M-Ts1 - 8.314JK-"mol-1 * 556x781)

-E3 X mol i
41, 11.628 = 83147 X (-5.18 x 104

1, E, = 1.87 x 103 J/mol = 187kJ/mol.
() STRRMACTE AP k, = 3.52 X 107 M-1 571, Ty = 556K

E,= 1.87 X 105 J/mol @R T3 = 566 K IR T; Soiaiamy k; (&7 I906 TR |

ks ~1.87 x 105 Jmol-! _ (556 = 566) ... .
In 352X 107 MTsT = 78314 JmoT KT X 556 x 566 K ' = 0715

. L |
T e oo e R : TOTMTST = %715 = 2.04; . k= 7.18 x 107 M-1 -1
TS : TE I QU 10°C S Iew Fm R 2w 439 @ T fed mem |
TGTFS T1-8.4 1 Hy ¢ I, 93 Rfaaa HI Sesivizas srifizaafd gom-

H;(g) + L (g) = 2HI ()
227°C ¢ 257°C Stoiam REFNTT @ FITI7 A IWFH 1.95 X 104 L. mol-Ls1 6
1.75 x 1073 L. mol-1. s-! Too RfGnifba wfirma “fea I o=t =2

k E T,-T TGS T3
. =2 _ a L
WFS! : SYRTRAER AqF2, log k, “2303R* L T\ T, ] !




AR ARIEH 8
ST : log 2 = -8 (Tz —Tl) QTH, ky = 227°C SRR &7 FIE T
k[ 2308R e s = 1.95 x 10~“L. mol-1s"!
. log X2 = - Ea T2_T1) : ky = 257°C SIANN Q7 I3 TH
IR T S =1.75 x 10-3L. mol-! 5”1

o 1.75x 103 E, X 103 (530 - 500 T, = &% @@l = (227 + 273)K = 500K
=
125r%E0 2.303 x 8.314 {500 x 530 T, = 09 S9I@ = (257 + 273)K = 530K

-, E,= 161.18 kJ.mol-! R = (TR A7 &< = 8.314 Jmol-1.K-!
. ffeifos Afemae =if& = 161.18 kJ.mol-! = 8.314 x 10-3 kJmol-1 K-!
E, = 7ferd #f& = 2

FMYITFS TH-8.b : 45°C Sty «fd R @7t 4 7F 35°C ST @9 [ FIF
fReq zm Rz e 1F 397

WES] : SRR ARG FI7 TR |

ok -E, [T-Ty 4T, Ty = (35 + 273) = 308K
T 1 log ) =3303R [ T, ] '
@R T, = (45 + 273) = 318K
k__E, [T-T R = 8.314 Jmol-1K-!
q, logi= = K
by 25000 [ ol ] T IR, T; SRR @7 $79 =k,
_ E, 10 G2 T, SR @ 33 = 2k
1, log2 = 3303 % 8.314 X 318 x 308 Eagr ;
a—

0.301 x 2.303 x 8.314 x 318 x 308
QT, Ea= 10

3, E, = 56447.96 J/mol ; .. E, = 56.45 kJ/mol
. Afenat &, E, = 56.45 ki/mol

ANYTFS TT-8.5 : TGS HDIHECEA REAeA (2N205 — 4N204 + 0;) IW FIF
A 25°C € 65°C SINI@TH VAT 3.46 X 10-5 s1 @ 4.87 x 10-3 s~1 1 @ Rfgmz fenq ez
T 3% 3?7 (R = 8.314 JK-mol-))

WES! ; SAEAE ANPA IS A |

X, B. . TysTy a1, T, = (25 + 273) = 298 K
MY : log o= =
8k, “2303R\ TIT, ) @R T, = (65 + 273) =338 K

o L MBYT0R o v By 338 - 298 Ky = 3.46 x 105 571
log 3 g 1075 = 7303 25374 (298 338 ky = 4.87 x 103 571
E, ioig, ¥ - 40 R = 8.314 Jmol-! K-!
T, log 1407 x 102 = {5177 X T 507 x 105 E, =2
A, 2.1482 = E, x 2.07459 x 10-5
2.1482

aT, Ea= 2.07450 x 10_5 = 10.3549 x 104 Jmol—l

- E,= 10.3549 x 10# Jmol-! = 103.549 kJmol-!
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freiala 2188, : SRR TR T ;. £
HA1-8.5¢ (F) : ﬁwﬁrwmﬁmmmcfamm 1ocwmmqﬁmwﬁﬁszmmfﬁw§f%

AR | PR AR A [TyR=Teias]
TE1-8.5¢ (%) : wrrara:ﬁzrmwﬁ’mctk pze—Ea/RTmm—mwxeT,mcmm
mklekzmlnk = R [T xT] mﬁﬁmu SERISEISIEd

. P8¢ () ; mﬁmmﬁafwmwmm @ e W Rfod logk T T-1 @ fRefirs
ztvm oA vnem'm.m BT 2,872 ><A_v103 K= ﬁﬁsma e e e e 9
G [€: 55 kJ.mol-!]
T8 Se (v:) Ag2C03 ) =Ag0(5) + co2 (g) «Q ﬁf@m fafen etomam @t g
T 8 3 logk I T—lmomarca mmww @ AL AT AW OF 51 —82 K |
ﬁﬁmﬁwﬁwﬁmw NI [®: 1.57 kimol-!]
TAI-8.5¢ (%) : 2 HI (g) = H, (g)+12 (g) aﬁmmﬁ%ﬂ—mn@m @ I T [
Fd Ink I T-! «aaﬁﬁwwﬁmcmﬁm mﬂwvn “ATSHT AR O T —2.24 X 104K =4 |
fRierafbs wfeas =fE Aom w21 o [€: 186.23 kJmol-1]
STT-8.5 : Nzosaaﬁmwmm 25°c o s55°C wmtqm TG 3.7 % 105 5-)
@3 1.7 X 102 s1 R | 2N,05 (g) == 4NO, (&) + 0, (g)
) Qﬁﬁﬁﬂmﬁmﬁﬂﬁmq‘fﬁ@kﬂmol uma—my  [8: 103.67 KJ/mol]
@) 35°cmﬂwmﬁmﬁamma—:n PEtiiE [8: 1.44 x 10 s-1]
STTAT-8.59 (F) HmaﬁmmmmaESOOKeéoOK—mmﬂ ARG 9.51 x 109 L
mol-!s1 8 1.10 10—5L mol ls-l =y, uﬂﬁﬁfmﬁ wﬁ@w@? kJ/mol G3(F F© Z[A?
: G [8: 1.76 x 102kJ/mol]
- s n (~t) 21{1 (g)c‘—-— H2 (g)' ,12-(g)’"aa ﬁmw RfEam oF @ 275°C @ 500°C
SIANEE 9 m 9 “IW 3.50 % 10771.. mol‘ls—ll 8 3, 92 X 102 L mol-!s-! | ftaeee
ferme = T Refr | o [8:182.019 kI .mol-!]
FAI-8.54 (1) : 2N205‘(g),‘— 4N02 (&) + 'z(g) q ﬁmm fafea owt@ 27°C 6 37°C
IR R m mwﬁtm 225x 103 s—l_e 4. 75'><"1cr3 s~ zee fRfermfog siferga
*ﬂ?wwmﬁ‘fuwn i B o [®: 57.775 KJ.mol 1]
FAATI-8.5b ¢ ﬁﬁr-m 2Noc1 (®) = 2NO (g) + Cl, (g) 9 E, 2T 1.0 x 102 kI/mol @€g
sooxwmm ﬁmﬁamm\mozss . mol Ig-l um4%xmmﬁmmm

L [B: 56,44 KImol!]
ﬁmmmucesscelﬁﬁwam
0-5 I mol-‘s'l = | @ fifere Afend #fe
[®: 12.1 kImol-']

Oz(g) @ RRE o 700 K @ 800 K
oxm-ls—lm 1 @ R A e =& ki/mol
Sk [®: 133.76 kJ/mol]
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(*) faf&Tin QUTaa 9 BT ST (Affect of Pressure on Reaction Rate) K\Jm;ﬂivb o«

Ay s R cva siot e A0 ST I SIS TEHS W, TS TH WS
TAAATONE (AR FARYF AT WY AT | FCA AR Il I oA | g Jfaa A Aew
STAR W AR W@t i <A | iR R e g o | '

(ZAR TR A SR Ao Berma Al e :

N, () + 3H, (g) == 2NH; (g)
U 1 TR 3@ e ST Biot Sl I AR AR
2

“kp= nggf}), 55 ¥ Py, Py Pty SO T BRI ST 51t 0

TR R, AR SR G S AT XNH3 Xy Xnt, 9 G651 A P; O34T T

LT B = (N YA X (NG B,

- PNy = XN, X P; P, =Xy, X P; PNH; = XNH3 X Ps

RS 0,5V 3. P2 (Xnm)’

P T XN, X Px (XH2XP)3 ~ XN, X (XH2)3 x P2

wie k, @7 ANFICA P2 (3 atm-2 A, N-2m¢ &g [ PR 439 = 1Pa = INm?]

(ARG kp T ;O 191 (P) e ST AR G Sffet Xy, SR I (4100 0 e
RGBT ¢ QGG (M S Xy, € Xy, I (9108 A | SR Biormal Teor I 741 7w,
SR AT T ool I AN | O T I A |

V@ Hy (@) + L) = 2HI (&) ' ()PCLi()) =PCL(®)+Ch(®

/ (") N, (g) +3H,(g) == 2NH;(g) ()N, (@ + %, (e) ==2NO() . =

@m (©) Rf&Tta 0@ (concentration of reactants) : Safer AP e R zm @7

0\ L R RIS, ST SOt A A R TAIaR.ZR ¥ | O T S
Reu Y ffern Te I o | SRR RfEaes e 3 s Rierr afews 3 4w @=
e ATEFIEEES ¢ HC1 «fites sy Rl @ @i o Ridmes Tt 3 w90 ofs cvm
AT YT R i AR, T I ARA |

Na,S,05 (ag) + 2HC1 (aq) — S(s) + 2NaCl (aq) + HyO ()) +S0, (g)
HAA-8.% ; TTFA RN ATEF 697 Na,S,0; FIR AR 4O
Na,S,0; GICR T791@l mol/L 0.01 002 | 0.04 | 0.08 0.1
YITFATNR FAASFI (5) 98 51 24 12 10

8.0 SirAes R ¢ oot Rfwwa Afeae i

Activation Energy of Exothermic & Endothermic Reactions

wferad = ; afe armafe R g smid Beorg =7 1 Tg7 wid Teoly =S A Hfe e
FTYSTR W FASq IH ONeT® T A g 9 gre =7 | wdie et R Rfews smid
Bestm omnd Afrde e Rfews ©g A Fdrerwe @3 Paow S e |
Rfearere RfEaer auemm g gTen S’ @ Afend «f& A Activation energy It

R SeZael 3§ IR @ ALt @ Fow AR e FAre e ok RfFum Afww s
BT Reafos g | Paes “fEwmgs et Riaas ¢ S =fex 148l @ gl wbe sz
TIE 09 | AT SR [RfETe I9h 98 "fE (E,) @32 TR wfon S IF FA9 6 e




898 PAF-2IM Aq

(E,)-93 A& (B, — Ep) Afrnst ¥fe aca | [fgam Afeasad «fee Ba-8.0 (3, ¥) @ (e
el | foawte, Riews @ Beem oy oI [ifews Qe “few @3 4 (B, 1or) Sfoww 3we
| O G Y SO IS A SIMA G0 FeroN *If& (B — ) FI© F9C0 W | ¢ =ifea I fifrqm
T (& | o i saibe gre T@ [Ritne 38 3 9 e «fS o Fare =0 |
o o * e =& qrel @ =W @ e Rfdrrs w5 F= oo T3 ore! 38 W I @ IS SRR 77
FAR TS Sro! I T | o Rferw «ifs Fo1 73|
4 & * eRArs, SfERe T TN I L TRFFOE TR WHE AT KT gl @ e oty
IR | T e ofe @fram
‘f* @ 37 e sTiemd =S w9 ore R 72w 30 st 96 | SRt @R R[RfEr e
T' & @ @1 1 RIFER oo % o1 2riee 2 |

3% = (kJmol)

EAV i -@@\W(B)
ffem= (A) .

IW@W’IAHiJrW‘
fRfaFat w2 (%)
foa-8.9 (3) : ot} femng Afgnd ofF (19 (R) : oA Rfsar famd «#fE @2
#* @3 fiferm R 7o *f& (B,) Beoty aram 1, Besiivmm S %= (Bp) o @f =,
T oo cvm sfofs e (B ~ Bp) 16 2 (5 8.0 ()] @ 4078 R wrosteoni
ffem <=
{vf* @ 1 Rferam R[fes ffS «fE Seitm fifS e om wa w0 wdle S e % @i =,
°w @ R ot eiifre =1 [(Ba-8.9(F)] | @ 77 REFaics oo R 2 |
ﬁ,vf* Woﬂaﬂﬁﬁ&«aﬁﬂ—ﬁﬁmﬁwﬁﬁﬁm@W‘M@ﬁ@ﬁ@ﬂﬂmﬁﬂvfﬁm(m
T 1 DA R AH A6 [fBa-8.9(F)] «Re o Rferm AH 47 2 [Ba-8.9()] |
ot el Rferaa Ridees oot ronfere gl o «az fde e 241 Afamd =& oo 3@ |
T Oist Tt fRferan Frenifore g =0 | weRfiTe, SR R < S0 2iRs e Serliorm e
o0 39 9die B, < Ep T | ¥ Rideat s=hfive zemm 7w g siftwne «f& (B - E,) e =51 o2
FroIfRe fRac Stefa S0 T qa I IR Afe-fFe T A | @ Wy R 9 geraTemE a3
LUR
* <o vt AfFR i A TqRA-8.19.% @7 () WA O ARG AGI-8.8, 8.¢ (AT |

8.0.8 IrTHfAE RfsFam ek og
Collision Theory of Chemical Reaction
T O : WA SR R-ifie R ovm wead oy v RiFmm a1 e a3 49w el
TEe O 7 R Tzg @@ ms Aen a1 afae 27 |
Rfarm e, X
G)am T — R SRR e @ §, SR 1 - «sawmwmf
. TSI




ATRNS AfSS et

RSz — Riewe o wy TAwe AT R @b [ Paen +f&
IR LS A |
@ e — Rigwe mnda Ty 1w g3 B fe Res s xs 73

TS ST SRR T T e 3 T | @—

et A N

activation energy
nstant collision
constant steric factor [sfzrget )

e | s rate
mﬁa o] (et =73

TN : 2w 1 @ RET 1€ e REFPOrIR 0 7 TS T @3 AT mﬁmw
RFAITA TS R | ¥ RS N 3 FNM0T GTF SRR ARG I T 2FSH IH1 (508 TP I5T
A TS AN | NN WG FHTD A R IR—

= & S =

w ) @ =) ©O=F

o Ll
e | @2 XO 630 ro
W@ Wy e
wnerd Wit

fa-8.8 : Rfime nds wqer Ty PE Ak ¢ NE> e

o a8 @@, o7 Bra e =% I g 1 WO W A T e B | e
A ot ojeda wegn | Ry 3 B <1t =feieacn Son W Mg S1ewd ThTR 1 IR A € B R NG
SR IH (ST AYTSII B @ C-97 My I5 B 2677 T ™Y BC Beory zwawg | mm
R 357 =¥ Femele T |

@Y T € WS @ AT Toyw TS woR S iz (e w0TS W 1 @R I e

A RftFrs w7 @ s I¢ 41 77w AnE oR RS 7 (9t AR AW T o
Rt FerrR A W o Rfdra 96t «m; T3t RfdFa B 7)1 19 aveom @iy Raew
Fmd WEFNR RIETE @ I 4w, a3 9 o IYF Y A9 A ABRF [ (Steric
hindrance) I €W | @TH—

@A (CHCl3) TS @6 I a9 e fon i e &b 10 wrees @ifda oemiq e
et @3 @B WRIER H-R1q 3% Witg; Sie $4Rfers CHCl, @3 Cl-a Rt ae
GifRE w1y (Cly) et #IfR 2ere Reaifere et wivs iirs @A “Riq 31 B-aReem afre =)

G S Hfarn @R g eenfie =@ At CHCl, e Siawe Fme ©iwms sty Rfdm 163
F WI T © R I AXEFAR GIRDAN W@ H-o7w97 ¢ Cl-7mgw 1 e R{oem S

Bt ot SR



890y TAR-YT oG

@A Q9 @ e H-oiww1q AF GIee Cl-*RTI93 S 960, o1 [ 9607 | & v
SieFsel FA0 fw W A

VP74
@ s
’

732 == N OO
,//5 ==-\(C({¢c H @-____- |
10579 =z @ o @
AN
CHCl; WS
: ANt e R
f5@-8.¢ : CHCl3 W93 @fE H-#mY AF EIee Cl 2wigR MdF 7ewd 767s 1 |

Cl, A, Cles CI —° 5 Cle + oCl

@RmEg T R sy
Cl;CeeH + eCI —3 CLCe + HeeCl
Cl,Ce + CleeCl —> CCly +Cle
CliCe+eCl  —> CLCeeCl3l, CCly

S &
S HBAMR HE BTG AAP! ; (1) RIGTS FNeTema Ty Jorow =fEa 51eqd ¥603; 1 w1 <f7res I
mmaaamwm|mmmcmmﬂimm|

g8o.¢ AT RiGwa wIge sy ©g
Transititon State Theory of Chemical Reaction
iR g SomaR dor I Remt SIREREeR AR k = A.eE/RT I8, @R &9
Rfemm a (e e Rferenes oo e om @ gae R Ry e Tw; wwem
fRferreTRe T @Iewe R 783oR 77 | *ie=ifie s o 3 O @ Bt Boifke wdw
G e RieTm @I g3 [Rew e wfefie s (7R i ae wm @3 fim aqre R 23
fferme ord Rfemre o o9t o7 @ Sfefie Tt 2 e Afand +fS |

(3) TAferae ez et

@ RfFaw AT welks sk = 3 9 @ B Ry 3 9o
RfFaeea p=fe woret @ ~fimre wfes =fs e s RieFam Seager Sogee wey 3w,
ot @ Rferar fEns #f$ (activation energy, E,) 391 | R @ SR Te ot
S A BT I W Afarw WY ) Aorn qqerR &< R[iFam oot fire «ie @3 s)fEHE squee
HeFRIFe = /e S R et fee A

A Aerne =& 1S I 7 79T 7o IeFn A oRR FIE e, S OF O 14 ATl
TR (BT TG IHA TGS AL | TS Afehq WG NG I OH-AGH FIGN (et SIS A1y
wfber @ (activated complex) o7 SRF TN | ARFAE R 79 oo agfen Bom Fea 7@ 1 o
s wiba e K Je fiaifere g Bt 38 7 | Tarzramset e Rfssaf Reas a1 3



TS AfTST 8eq

AT A 99 797 BC 3 05 SIS A0F 94 B @ C 7 NI 99 T 736 204 3R A ¢ B
4% T TG T B LS AT | 10T A, B 8 C @ 36 FHermergs afbet HR Faeq, 7 fReafers 7
faferaa e toR 30 |

A + B-C — A... B..... C —— A-B + C
A ug AfFn g AfErage wfoar Teom

Hferrage o e Rfoue Rfems a1 Tesim weermt @ 3= 4w | [itrre BeAim =ifiere 22w
sy FefenfER e <6 1 (A + BC) @ T % @3k Afeage wfoar QR *fe= s N
e AfeFa =& AE, |

Rfirz w3 sy ¢ - : [RiErs @ T «fade zre T R a2 3
e A4’ W FCO T0A | M @ AT ={S-14S (Energy-hill) et | Afern &Y 7= oo’
SfowFT e AT Sdie @ WgR A WY@t TeAm TS FASRS 0O $F I T RS G T
SRNIQTAR W T4 IFR O I0B; SRMTE & 7 AFMYR N TR IFA 19 ©F T | A(F
FYGTAR T 4R IH OIe 8 TG I T al TABIE Rfaras wages w3y = = | [iww
Q WA WIS TERAFS &bt 167" wIZhe I W | *If o fren Ak Aferwarge wba @t @
Ifeed Ameaee [aferte ¥ ©F Mt AT Sesiv ST F01 | e SIgiee [Rfsaced
fafonif& ¢ Beottma FEfoxfes «iider et Rfsam @ a=f AH = (B, - B,) | ¥4 Rfirass ffonfe v
(E,) Seorml Seriond ¥fe=fe & (E) s 20 oo Rfemfe sreetedt (6w : 8.0 (F)) Rigmwes
e w7 (E,) snerel Sesiona o a1 (B,) eoia e Rfemf® oot =3 (fa-s.0 ()]
T fou (e =8 @, AH @1 T (E, - E,,) <% e Afernet =ifEea Boig frgafier =m

e =5 (kJmol™)
T T

ffirmt w2ifS (%)
®)
foa-8.v : RS e Iam Rfem savfe (%) [Ricar e & ¢ s=ger w337

(?) Rfemms g e AfFnd «fea TaT w7 : @ [ferm ferad =S e s [fvts @
A FAFHeIFe ToaA Qe 767 Fea (6 [iernia +frwiera 19 ©F H W | W’ @ R Afera
% @t oR 1% T T TR G2 @ RieFaR AfeFnd 4R o1 ©om 57 79 @t 7@ | @, Afeae =i
A A SRR ATF @1 AN *fE AR TN IS W TG | & IR I 7, Rfewe wopmza
T YIR FPRAF T TR NwP Fernet *If& 717 T Afeww wore «ftee m g3k [Rfram sweaza
FACS R | T @ R @ T

IR AR *fE I e G2 A TAE @ s [Kferms w9 eesm 30 e S =iy
@ fiferms Seiaze F90e #id | FE @ i 27 @R 23 )1 ok Rfsrnm g wfema «fes sam

AL 5-17%6
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8.8 oTIT 8 YFIALON, YSIIF AT ¢ YoF Ay

Catalysts & Their Classification, Promoter & Catalyst Poison
S @1 T (SAfe R 2R Iee Risemes i, i @ BioR el IR | Sl 6
BIo e FaS SkE A 1 i a7 WT, e rgmwta Teme 496 3% o | o «a e e
ﬁ@mmqﬁwﬁmmmmamly,twmﬁmmmmmw
TS e | oiR @ R AT e Rftrreen e TAfye cars armfe Rfgwa oty
% A I @3 R crw w167 ¢ wra FRAREE AT, O 2SR A1 TReS 0 |

erarFd Soffere T 4 aerifTe 7R aftRIE e (catalysis) T |

WWW cwTE RIS OBt 2w gfit a1 tafiEy are
g # M) afefd e wefae Rt Rt wféEme =fE (activation energy)-FRm ¥ R
W g3 3 crifaey weafbe 3 )

%H‘ ¥ ) oo Tord Rz e ¢ ororegd Tew Rftr e 3 30 | eereRT @A
ﬁf’@mmﬂﬁw%ww Z@ﬁ@ amwwmmmﬂﬁmmw N AN Cofd FA
{

© WAl (AR Wy fReareete gy U
\;:)@ @I Tog RFNR AMRES AfFds e A =)
ﬂ%mmmnwmmﬁﬁmme 2ORT TS T |
©) R (T8 ereTaTEa O A1 TR @I ARSI B A - (4 7 F Spoa
©) A s deEre Ridm @ Ffws T I A TS A | i
q)ﬁ@@mmmwmmqmmmﬂﬁmwﬁmml

S | T O ; @mmmﬁmﬁ¢ﬁﬁwﬁmﬁ¢ﬂf‘@mqﬁim ONF (S
mw«wﬁmﬁwaﬂmﬁm«mm AN @RS (KCI0;) 3 Te8 IR O, MM
WWWMOZ)WWWﬁWWZI mTAé, G‘IC_?

A, MnO
2KCIO; (s) ———= 2KClI (s) + 30, (g)

Q1 AN O : @ ASRF @A I [femm T S 3@, o ¥4 gore
T a2 q REATe 49 o= 0 | @, H,0, FFeran Frifie 2@ «if ¢ 0, Mk By
- WlWWWW4NﬂmHﬁzmﬁN’W&WMI
571?271} i 4_’; 2H,0, (aq) E) 2H,0 (1) + O,(p) [reiRe Reawew)
@)* T2 2 01,0, () 222 21,0 () + 0, () IR T
201 mwmwmww mwmﬁaﬁf&m@wmﬂamﬁmﬁwmﬁ
W ’mﬂmﬁﬁr@@ﬁr@mmqﬁmwﬁmwQﬁwm?wwmaﬁam
B! YR 6 T | @, TRFE @fSred g3t H,S0, fiff® KMnO, 534 (FiB1 o™ @t 390
aarmwmmﬁacw%acfa@a@@zaafs:zﬁqur@imﬁramhw%eﬂgwmm

ﬁ:mmm\aaﬁwm’:mwrﬂl ;\z) CH%OGDH

S(COOH), + 2KMnO, + 3H,S0, -M22*; K SO, + 2MnSO, + 10CO, + 8H,0

Ty afffic K-Aeumies

e — A - ———
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8 | SIRB TS : (@I TR ol R Rirares gonm 3¢9 oF woir R sy voin
A e R T0B; g eI 1o e (A w905 A © o & R Rt e
i wf{E Jore A e O @@ e W geiaa =1 20 | (@, ETSHN AFIRE (Na,S05)
G2 FAC O, 1 S 0 Na, SO, TfFe T Na,SO, Beoig =0 | 5g @l ogR Ffea sieiaizs
(Na,AsO,) SATe qa Sifie 21 71 | 56 Cfeam A=Es ¢ WwiiRes e q1ed O, A7 s S
TR wifte = |

YUIFOII : 2Na,SO3(aq) + O,(g) —> 2Na,SO0,4(aq)

Na;AsOs(aq) + Oy(g) —> @1 i b 1)

fafireerz : Na,S0, (aq) + Na;AsO;(aq) + 0,(g) —> Na,SO,(aq) + NazAsO, (aq)

qURT CIfETN ATIRGA Yo e it wifde 27 | ©if v Na,SO; e wifke
OEF |

* OIAF AZWS I ACIAF TR : (V77 e “Mdx ToifEfore 3t aong [ Ize
R ASRTIR SR Tl 1, ST OIS TS A A6 I | (T, (IR #7fSTo N, @
H, 7P (U0F SOt (NH,) BeAmaaite @izgef eeiReas A ey s afFqee~ «red (Mo)
@@WW@&WWW%WI@QMMoWMRWWm
ooT | @ﬁ‘

N,(g) + 3H,(g) ‘————“-’— 2NH, (g)

* oIS AT 1 @ 71 IS e Sof¥fore [T IJ9ze @IE JoRER doRE fFaamie
Y SOl WA 37 A T, SIware weHE aerred e 303 | AgRee @R, Sees ov, siefas
AT (As,0,) 390 doRe REas F@ 3@ | @WF, =M J%fere SO, 7 F SO, 7F
BeAMTFITE SO, T ST I AR A wrHiRe TAfye ae, vin & R Jge ifbam

(Pt) FSRTFA LR [FAE A I O | Nl GUwt@ As, 0, &eR Rl forn <t | l,‘\? (\6’\0)

250,(8) + O,(g) mtns 250;(g)

S | TG AT (Homogeneous Catalysns)

@ YORTTT CFTa ASRIOR RAfFAT 7 *Mid 3R @ (Phase) It (SIS SIYH IS ATF
TITF TG ST I | @ CFR ST, RiFa 8 Tesm 7IR A9 I &I A {0 AT |

(i) TN TR CFTE : (FTC ATFD AGFSTe H,S0, TeAmr M3hE wART (NO) 8eRie
ToAf3fore IRMeAT SfHCTH QR AAFR TIRAUHZCT W9 WG | GUHE HORS, RiFTS ¢ Tem 7R

WWWWMQ@WWWWM

NO
V77280, (g) + 02 (@) ——& 5 250 (g)

(i) T VI O mmi&%ﬁa%ﬁmqﬁﬁﬁmmmmmlm
2o, RfeTs qag Beel 3R o7e WHIR I8 OIR | 4t G TG LSRCTR TAIRAe | ‘KT\/M*T 16 -1

¢~ C1aH201; (ag) + HyO () ﬁ’ CeH1206 (aq) + C6H1206 (aq)
IS U . ==
| HIAg 4O (Heterogeneous Catalysis)
@ SRR (L SR RfFaa RfFas ¢ Tedm Atz By wim A, S SpTeTg
ST I | @ CFLG ASIAF IF I 932 RfFws sam 3 o ST 4 |
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(i) 7= A 5f o THAfFfore A smfore SO, R R WH | UFE Ao, [ferTs ¢
Teow o foq St i o | S =D SPTPTG SoRTTR BRizad |

150, (g) + 02 (&) L, 850, g)

(ii) FIEF-FER fGaF (C=C) T A T ¢ W& AT T 97 SR JRW@GIHCTH
(T 33 @3 FofEh e S e A 0ee! (T Brerel Rt WA Sestme e T seTeTg
oI | S Ni 9, Pt 4194 ST J3% A | .

+ H,C=CH, (g) + H (&) —rgprc— H:C-CH; (@)

8.8.5 ASREA f&at-cdr =
Mechanism of Catalysis
ol fA 532 SIS XA SRR g @ITA-RFETR Seiazd 9t Fwe e o [Kieanes qerfe
A | FTT AORFTR Rfoq 2feFTa YT LI FI& F | P A0S G St ot 41 T/ |

(F) TEKSf ot 15+ &féF M (Formation of intermediate compound)

() SfETAIETeR TG S (Catalysis througm wﬁﬁ %

(F) PG SRR farat e SISl a9 7 TG e QT
IR | G ETTR Y07 AR ASRS (I b (RGN 1 TR SSLSN ot 0w I | 4 @
aneif = ffemea s Rfe a3 Tesim tofi 303, G7 MY 2ASIRTFA 7S (regeneration) T | €
AT TRR 3 T RKF @ | 9die AR [fa s (e sos 27 1 &9 4t gorks e
T | (1 4171 O] R YR =W | T OREEE WS AR 39 U | e,

NO 7R 2foRTFR Boifkfore g afEcem wial SO, ¥ wRa [ w=dSl At o7 @ [kl
906 1 9% i G wHET 4w [feme SfEame e [ @ TREGes SRAHIRT Sedly 6 |
@3 VIR TIRAAITT 0= @ et | «qfs fidhw Rfemrs SO, «w e kg T 7 Teoim A
BIZSIRAIZT (SO,) Beriy 703, I 7RG wHiRT e R =

(3) 2NO (g) + 0,(8) —> 2NO;(g)
YIS fafFs-s wBES A
() 2NO,(g) + 250,(8) —> 280;(g) + 2NO (g)
sgdef el fafrme-3 Testm O EL
BRI 2NO(g) + 250,(g) +0,(g) —> 2S0;(g) + 2NO (g)
A,250,(8) + Oa(g) 0, 2505(g)
(X) SPTTg AR fFat @ : STIaTes N &SR, SFTETg Ao (e Sferma
7R s 5 mﬂa@mmmmmmﬁmgm@mw A TET—
— at
Ay (g) +By(g) —— 2AB

ST 4191 ; AT Rfre WAetE (A, S B.,) T IR R wre eoRk< (CatM) @3 et
wfiRrefe = | wéie 41ga A d SRRBIETR A e TR TR GF-IeRE T R IR |

T 4 ;@ QT SRS SRR SF TNAIS IF 544 A A0S | AF e Ry we sAeiont
woR W AL T et (@S TN R iR AEmage wfba cint CatM-A 167 30 |

OF 419 ; q 4o So RfEES WY (B,) @ CatM-A @ g+ 35 991 A-B 99 72 T 32 qoRS ¥
S W5 AT | RiFam Tesig =i 4rex goRE i W3R #ita o1 Rfem™ 99t @AF o)

8 T C1Y 4ot : (19 (LA TeAM SPTR (2AB) SSREFA *Boa (A YT 2 | N

Twigad : O ToIMGre FA-IHA G (C=C) T& W& b e (e ee[d
QIS elferm FRR 5 1 eifin (Fhm 1) Seoim 91 70 | U doReEl Ni W93l Pt @]
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e, R, HaS 04, H3PO4 , Syrfoerer, i
(JUBIERD |

Mn™ W%, onEg oY et Bety wiios e,
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IR, SIS TREE AORCFE 8 0T | |

L]
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4T IJ3%© T | 2R (H,C=CH,) T IZGTSTTT 8 2R AGOCS Wh | G CFC@ S 4T g
wened e S Sfereifs < | Q3 «ieet H, SR Sraie 3% H-H (ST% F9-oItd JRGIE A1
8 419 Y (CatM) @7 Wty fafesq Afernege CatM-H &foa 58 =7 1 0F 4itsl CatM-H &foa wioiw
SReafe H,C=CH, <7 q3f® C-wiqre «of5 H *@wlq @i o G3R 4197 40 S . C,Hs T
TN P9 R W | @O 3 H-o1W1Y IR T& T LA WY (CH) 7R 20 1 8¢ et s foea
(TF B C,Hg &9 T& 2H |

H-H + 2CatM(s) — 2 CatM-H [H *RIq 4Ig3 pec Sk
CatM-H + H,C=CH, — .CH,CH,or.C,Hs + CatM
TP

CatM-H + .CH,~CH, — H,C-CH, + CatM -

ﬁnnsq?m?mmﬁwm«ammﬁw

ACRTFA 8FY : (3) ITRT FF @ SITIRA SO PR oFFg FAFIN | () AW 7]
AR T eI T SN SIS fgeTes Tt TR LoRE TS TW; TS T IR
A1 1 () ~IfAT T IY 72 JBrS NO NEH LeRI $hrF! We | g IRz @oemihe
T TIR® Pt 4194 Sl Rt Ay 78 AP @R | NI Jfdeea Fofam «ideem Ie
W1 AMF TRATE JZWIFIEA (CxHy), CO, NO &rgfs «ifra= qas o1 1 quata @FoeiRfs Iveibi @
Q vES [EE #if, CO, N, 8 O, M AfRI® I | @,

CxHy(g) + (x+ylg)0y(g) —=5 xCO,(g) + y/, K0 (g)
200 (g) + O,(g) £ 2€0, ()
2NO (g) B N,(® + O,()

G WA CxHy,CO,NO |

f6e-8.b : BINRIRA X i Fsfo I /e Ps @orEEfis sweitia citem |
(8) FrfRE Py TIZS &Y TR Ao e R Fifers Sem e e

(AT LT *JAF TR ACE | O AT TesAmey g Tigs IS W | A5 8.0 T ARfATS
FffETS fitg TITe SPTERT @ AT ASACIA AR CTAT! 0
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8.9 mﬁmﬁmww@wﬂw@z LOINFA A

4

f RfFwrmzec— | 3ge doe %tﬂvﬂ%ﬁwm Fifewrs Besim ¢ LT
(3) TR AT PtA, V,05 @pfemfte HS0, et HyS0,: Ry
1. 250, + 0, — 2S0; ﬁsvnwca T 4T | e, IFmfe e,
2. 4NH, + 50,- 4NO + 6H,0 Pte¢Rh UGS “Gere HNO; Besii HNO,: frers,
BRAMTH 59 417t | AR, 2, a5 8 Q|
3. N, + 3H, —» 2NH; Fe, K,0 @ cw?wna:ﬁ-sc@NH3 Tt NH; : TR 8
1120; oy @vﬁm | HNO, B
4.CH,+H,0 - CO+3H, Ni fa-penes Reafin. H, 2007 : Sy,
S wrw Hy eeeRe | fReme Bemm |
(%) e ffem - Mo(V1) caIRfe e XA : AR
| ooRfe, SfeREE-  TNAE el ABESTARA P
2. fRTb1-v13-2, HCN Ni/P Qs QfETAIREIRE IR : TR, FIRAE €
% rim R 215 Teomw |

8.8.% SIXF WAl geifs Rferum Afagne =

Activation Energy of Catalyzed Reaction

foa-8.5 (It (1 I @, el [feram AfaTq
& Sereifde Rferna AfFne «fE wiorm a7 | wde
oRTEd ToAffen T Rfsraa Afira =i )
ToGT AP AR “Afa57 20— ABR_AF G
a5 aeafE i T TS Rfas Afeaq
S ZH I R GTF e AfFM A epnw
I | AORF TR FAT O e FeerE Rfamm
RS FTH AW AT 2lle TH |

2SIF IR A I Rferwt 9o @ Aoy
SIZR Mg RfeF g =27, o= AR #f% ()
QP 1 7 o S I8 | weeifie wwgn Riwss
TS Rt #few T (B,) @ 7@, @ Irnd
Rfgwn e @t wfFe 2o AR Wt (Ba-8.5 739) |

4 =% (kKJmol!)

1 L 1 L 1 1 I ' L 1 . 1 .

TRfarm sa91f® (%)
foa-8.» : weeiRe @ geifis
fRferms AfeFna =z mar )

RIS ASRFTRPILA STfEF Rferan fog oiv 403 7717 =0 1 @ ~e @ Afernege ogR ot @, o/
A =i (B,) werele w2 gm gemm +3 | SR geres oifEfore Ritmmes emeam sfam +f
@l (B,) i8R T 39; @ IR Rfm posy @t 7= 1 | geiks IR Rfawm sfane e

FORST AR AR = (E; - I3,) kJmol-!.
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Bio-catalyst Enzyme
fATATE *e ey TR R ‘qeds’ Ae =8 (s 9w qeRer farm e wiewfs 2 |
e T S| SRR ¢ afirErs i Beotw, [ | SR SARHE RGeS TG

[Brara | cettfom [ [wbw o | otid | =i @t roft I @@ FEFA (8 O |
qrerey e fRfeam wu | MAT-22-2 %i

CAEETR faFaedhm ;. eI 3 R @it w97 (B) fifey Sirem W st
AN T MR | @ FRGTR TR TSR LS FAS Y 0 | PR A Fe fferas @ (S)
47R ReTs 1 e IR WELE Gl (E-S) 137 IS AR 13 Aed Reafers 2o Beoied (P) ofvere
W | RN O Riers te) W A g @i i Rfdre Afde «feq e 29 0 @R
fiferas Fosa 30 | @9,

L LS

E + § = [E...S]—— E + P
\awﬁﬂ Rfems e GFERT  BeAW
) %% e SR e Reye RO (zymase) GTEIRA OIS R T I o
CO, M *ffdde I |

1A8)  CHyOsa) T, 2CHOHGg + 200, (@)

M
.‘J\ (ii) SRR Toife TBRER] (urease) Ged™ ITHANE RrAifers I NH; 8 CO,-4 RIS 3 |

H,NCONH; (aq) + H,O () ———— 2NHj (g) + CO, (g)
e

GAEIRTTT AT : (O) ATOIT IEIRTR Ao fordt ARME | @ SRR yREiR vy Y
e 2o 3@ | (R) ToIfee TR qreRme Sayes gqH (AfFE] | @E gF §9 SIHRIRmEE
TR 9 NG FE e (H,CO,) @7 360 % A Rfes 30 1 () ey G a4 ¢

A Sl 37°C SR O3 IRIFE G pH @3 TH 7 <R IRISIR AF] QTG |
ot T AT r S g Q,gﬁgw eyl 3 B 3 o
[ @ 0l
B B L ALt Sode]
UG AL [ L 2039
L et T, Q1. Rod¢]

8.¢c AT Rfgr Jruy
Chemical Equilibrium ’
@I Ty REF T4 CR @ T | @I QI AR FIRYA @ ey Rferaa 27 smwiw
T, Q@ IS IRl Rfesa g 30
@, @ WG A T AR QRGeS ¢ My @sfy qefa s I faw 450°C-9 @
e QRTmITEs 8 SiEfes Rfdra 30 80% RGITEH TRCIRE i Tevg a3 g [T Hy 8 1, @
TIN@ZT N 20% W | 0 e 3 2t @efd =31

H, () + L () =*2HL () MAT 7405
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WA B i 1R HI 9% “iita f Qs A Tee 303 9rda 0ot Sival 450°C-4 TR T |
B FBA I3 AN ! [afy 3 @ I 1 quwm HI @3 R H, 701 8 L, Beog e |

7 ol «fb'e Gl Tond fifiwn |
T 2HI (g) =H, (g) + L (g)

YN : qUFC AL AT H, 97 8 IR [, A1 I Tag 911 7w [ owe aiefis
SEZA HI A 71 1 9 7947 IMIM 1, 97 Tt H, SPFR R0 @ A0 | w9 @ Qe [Risnfs
TERFATS eI 905 1 HI Berty X «fbd Tl 3 ¢oieer @ Sieram HI @3 Reamem 950 2iee, sidie
oy R o =1 | fifFares T eR @ A
T RiFT TP o | werfiE Besim HI @3 S R T
ol IR T orhied Rfewr T 3% omm .

Tonfcen R 2 397 T 70, o3 figafde 3
Qe Qo W 3 Rftrrs sieyy Mo 903

GO SR AT Sl Jom T HI @3
Rrem sfite Fesifers I, e @l e o
R | @ AR I, I Teoly AR QRN | 9@ 997F H,
@ I, 43 T 3@ e o3 opoiey A Rfwam oFrm
HI Beoig X© S | 71 fepeed 3 o142 et gt
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“— aoced RRA T
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'
] Al

P
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Q@efy Tagw wAfRfEs A yrrms i T 05 m —>
AIRE 0 I | AR T st qifae gawy. Ba-8.50 : AR H, 6 I, (0 HI @7 8 @
1 fivedt 80% HI @192 20% H, @ 1, el < | HI 9 RaTe 4w Hy © 1 @ o e vty

8.¢.> IAMMITZR fEAeret A o eFfs
Dynamic Nature of Equilibrium

Tyl Rieam oy @ i s, fer . 7w ' [{femm @R A e
eI cowfirn SRECGI R IR AMRER SANA &FoT @t NG (MR | FH @@ 36 At
I RE)

AIZAFAA FfST efaiet : WRGwMma H, 8 I, 97 @36 e @3 [ wtommam ffsa
@ fatet, aanfiee H, o I, oz R[fdmm 9w HI Sevy F0R1 At 9@ Tyl R g9 we Qs
R PHIegR R T wdie HI 3 Reied 219 1ets <ie | @i W <8 i’ a5 2w o)
AFCATE ST AR B AR | TeAfacs T R Tow Rfew weafe zm )

A R @& Re A
% SNRCT W 3 Hy (9) + 1 (g) == 2HI (g)

coufdrn ST 1, oM e I W, UL A

ARER Rew @It =€ @ =, wdie Hy, 1, 8 HI H, @ L R AR I

«@F AR SRS s | Y @ T @, AREE -

s S HI-S9F T4 SR oy Sresie E : e
A8 ATd ¥R HI-W9m wefes coufdrs =0 @ @ T v
A HI-99 ARSI Tt Iece IBCS Gy G A - :

e «Affamd w1 @ e @RI @, AR sl el i i
R O (ORI WM SR T FHS 05 . sy st ¢ rieadl woq R
fiemsem=: TR TANA APl |

H, () + L* (5) =& 2HI* (g)
(Ip* QIR comfEFr STAfes, @GR R TRTR)



RS TS 88¢

czrcig HI @3 545 AR (@1 80%) Soifife Ay, GRy oufd HI* Seqy 26T 10w
PR MY g wrewiEFn HI-w9 Rraifers 2w | @ e awifte 27 @, Ipieg! S s TR e
*PoIe Toy R TR I veICe AP, iR 7S Rferma AfTast T Qenw O @R T A

2HI () —45 Hy () + 1 (g)

8.¢.} AMAMNI FAGRYT % qt taf48y W\M P, DAT;)

Characteristics of Chemical Equilibrium i

IFTRIAS AR A AGIRYT R o1’ ey (afiEy 9t = uwg | @,
A TR By (Stability of equilibrium)
\/H( Toafia (0F Foraret (Easy approachability from both sides)
\/(’7( faftram W’i"”[‘f@ (Incompleteness of reaction)
\/(ﬁﬁf@m of¥@R7el  (Ineffectiveness of catalyst)

(@) R GRG : @ afeRn @[ e (e ©f fTar gk SR A, I @I ARG
TIZR (B9, Sl @ TIar) (@Il AfRIET B N W ) THRATEA @9 Gl AR Gfie ¢ g
1 e I 100°C Sroay Rt 9oiea ARz R < Ten [femee 0.667 @ R s
0.667 CNF RAIRE JATAITG Tesiy ¢ | Wik 100°C S AMIZR 0,333 (E 2R e,
0.333 (N1 Ze1E, 0.667 G AR 8 0.667 CIeT 3% JAAHD et Qe o

CH;COOH () + CHOH () &= CH,COOCH;() + H0 ()

WAfT o EUigl EUIEL L (s
. SR ST 1 mol 1 mol 0 mol 0 mol
ARTEZA : 0.333 mol 0.333 mol 0.667 mol 0.667 mol

@ A TR 9 GRSty I @ faeere @ «Affiamz @ Afiess @ =
(%) ToAfF T Tt @ AF AR T &R A @, R Tenfie e ArREE
AR 789 | OR AMRF R A ST TARTSNT AP TS |

@™, N, (g) + 3H; (g) &= 2NH;(g)

T T GF AT N, 8 fo7 wrwes H, 357 e G Rge o w1ea i@ 7% =17 et
SICHIRET A1 AR JF; AU 93% *THR FRGIE N, @ H, RO (2 18 | wfes NH; "eH
g fira Rgge “gferm 9B1ca1 vy 7% NH; 50P1 ®9t A1 93% NH; 7P Rraiférs =@ N, @ H, 01T off¥ers
T | JEAR S emtfae T @, TGS Ridf @ @i 7% (e o w0 @98 A e T

(1) RfeFma spr=jefet : e Sonm swyew afiidy 2 R el | TeEE R ¢ Seoim
ToFR ATF | AIER TN (RCFR ST Tl A1 AR | P TR e 20 ST T (Kg) 7 S
S 2T | (ARG HAIE T FAINST I WS 928 Z0O 16, g 47 1 S <7 A ToqR 37 7R,
a3l T RfFm e e @+ |

: [C] x [D]
A+Be=2C+D; - Keq=[ATx (B]

(%) deRTFA BRI : I FMIRIR TR AT @I ST (72 | @os Ton firew
fRferie sNfeTens Foen @ ik I AN AMRIR Fo T4 e WS I, @ T
FAMRZR @A ARG 20 7| [ ¢ Teoom @rAbas T @R 7ess 98 =1




88 , TIRNF-YT 4q

11 T RfdFm A e T 9 o weE T 2o (5) R ¢ Bertiom 3 AR
e WY, () TYCHoR TR Nyt Faad, (o) Rfrm Tox firgz +fS Redfa | @,

FRGITE BHARE (N,0,) <7 S Rrarem @b Toxdt f[fdmt | (1) N,0, 3R, g Beog
TRBIEW SRWARE (NO,) IMM M | (2) el w1gm 397 R oF 2617 e o7 wew
FBem I N,O, AUF | (3) 5% 3w #17 Mt T JI5AAIER oo ot amift AP | (4) e g T
o MT IM GR TR AR ARITET TR A 1 et 1w IR etz et [ismia oy Roft s

N,0; @) 2= 2NO, @mif)

* (i) Orgy AREE, Teim NO, @3 ared TR 3 ¢ R N,04 3 (RS-
HASTF AMEIF (K,) I |

* (i) RftFm 993 *7 @ @I AW TeaAw @ R G IR Serers RAfen sgere
(Qc) ! reaction quotient ICHA |

2
* (iii) AMTREA, Q. =K, = {320021] el

8.y w-wirsmER S

Le-Chatelier's Principle
I Rfert AR (MRER R I AR SwgR ARRET T T W, OR @ ARy e
WS AT | St it @ Tl @pfS AR (factor) AIAE! @ ¥ | PR AR @@
@ R ARTE T Rferm AR AT @, Tou AR e 6w wdie R e Beon
T SRReR T | R ANRER eo) @ T e AfReTR e Al e TR
oM T TR | M-rsPrreEs R Pt :
%Ogﬂ‘z et Teg® Rfimn g Ao W @ S oI s, @ Sremat, e
( 4\ a= TRt AR I W, BT AN WAL BIA I I qASiR AR T, e e
AT ToEm eifie o
—* wiemia WA e vt WUl TN AfET FA AMREE ARG W, TR ANMGIRA
TR ARSI A
* {3y St +fRfES 2o AT MR ARIET 96 |

/
8.0 TR St ARIEHT e . ﬂ.(ﬁ(:gi,”l“' S
Effect of Temperatupe-ghange on Equilibrium

AGIY oo 3 1B TR B (TR QAN ARG, B ARAET SR S ARRER
TR T @A ST ARG TG T AR FIS A0 | A PATS '@ BofT e
AR AR IS A B 61 R o AR IF 7 AE | @@ TR g o Rfdw o
(heat of reaction) S¥gIX | (T,

(5) AR *HRBTS N, 711 8 H, M (A3 NH; 1T et aifirat zrem «ofd srestesint Rfdmm 1 «
fRferm st zoon s

Nz (g) + 3H, (g) == 2NH; (g) + 92.2 kJ AH* =-922k]
qURTa TR RRFD SiearestR (S1of Bestg T AH < 0); ©1F *roiegd Riarm® Storg® (ot T3t

IW@, AH > 0 2677 TIoR) | ARTRET CF@ O 4fFe 93 TAME (component) RETR sy 1
T | O Sl I S S ‘et F A’ AR ST TS SioAfE “SerAraet I @R |
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K <@ WA wonfiva o i
l’ Tem
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G, \ M 300 K o4 400 39 % 10*
A0 1000 K = K @ T9 500 1.7 x 10
E o2 \wmw 600 42
E w 200 29 x 107
l \ 800 3.9 x 1072
102 ' ‘\\ 50 8.1 x 107
i 1000 23 x 107
10 o M,
200 400 600 800 1000

BT (K)
fo@-8.52 : sycfmt Besiwe fafirae K otemmar 737 )
St 3w M K 9@ THIT TS QAT |

ang ©i5Y @ @Afba-8. 5% WTe fAFetomIa, sy firgtd wfgs NH; aits, -9 ©99 K, 91 919 @
TW; @ 300K SIAaE K, = 2.6 x 108 | &g Twerewan, K, 97 M 33 7F; 94 [ aw facs
06 | ©49 N, ¢ H, fieqtd @ a4 | $w@m @@ 1000 K Sy NH; s [ g
TRER K, @3 THIF (I 2.3 x 1073 T | Ui Besimes weet 319 onsiesmt e siemmal
i T TeAm ARATAZPT 41 |

% fga Se e SwgH, NH; oA Fe @oRias S4f¥fere 500°C a1, 773K oM@t 37gs
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280, (g) + 0, (g) &= 2805 (g); AH =-196.6 kI

ST SIZMA SO3 93 TAMA V,05 O BoAfEfers 450°C , 723 K Sioial et w41
LUl

ARSI, R Ot AfRRET AH @R A4S ! 4AIS AR G917 TANFIS 67 34 |

R SRgR Stemmam oo T ¢

* Sirsiesat RfEm, Sioa gfae T0a Qe A @99 (K,) 99 9.5 217 | Sitoliet
R TrRad = AW AfSre NH; Beeim

N, (g) + 3H; (g) = 2NH;(g) + 922 kJ

LK, = o NHLL
~ [N;] x [H,]3

mmrﬁumﬁﬁmwmﬁﬁmammmﬁ;mﬁwﬁﬁ@ Bertiv B’ 2T | O
PO RIEFIPR Fo7 ARIR—

* () Teeitwa ficarem 61a SR TATHR ~AfRTTAZT oI |
* () e ~roregdl Rewm Ridrra ARMI 3 A7 | ©R K @@ THZH A |

** wiogrd Rfeam, mwmqﬁwwmmmw(mmmqﬁimﬁmﬁtﬁﬁma

TARAY R NREITE GERIHZE (N,0,) GF O Rearem : e
N,04(g) + 553 k] &= 2NO, (g) :

[NO,]?

" Ke= [N2O4]
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A-TSHRIER NS TP 4T SIS @ s RiFr armey «of Ricre Bamim’ w
QM A Q@RI | O TR REFpR Ted SagR—
*(>)ﬁm¢mﬂw%§ﬂquﬁwﬁﬁ°ﬂmmﬁﬁiwl
* (3) RfFf g Ream Rismaa AR A 1 o) K, @ T 3 A
CeTTA e
* st dt ey, 4% ot B e (K) @3 T8 1’ e i any;
o, Sietest® R ege o Tama'l Amge K, @7 s ‘93" R
et e | %,
* oo R, T 1 Oert-a sifRl R e K, €@ T 9 T | SRS,
et R, =2 A R @ AR I s Sesitng Reares 06 | 0 SAm
NG K, 97 ¥H T

(3) S0 FIT Borf Serram WS W SIS -g% Tlead : R R sieman @i
WMWWW«W%M@ T ARG ARISHR
TTS! I FAFT NAAS ARTET T | SR 3941 A FIFA WSTeror IR & [ onit-2F
e JFad TAZN IEF |

-AH 1, ¢ QAT K, = S 5109t T3,
log Kp = (2303R *TY R= (TR 39, T = (@ Sl

q f% TF AN FHEARLR AR ATRAY, y = mx + ¢ 99 T8 | ©12 log KPW:}:W
[oifle ‘y* T ‘x’] OIS @foAl @i FeEmet 3 SR [ ¢ enseAm Rigmm v
@RFT-8.59(F) @ 8.59(X) 97 TFA o @2 4 e =ew am )

s
- AR o 1 -
T 2 rd 1 — SrsttetR
ffarama e
i 1
w | ' g
k)
Pt C et
Aans T
fo@-8.50(%F) : oA RfiFwa longW%ﬁN fb@-8.50(¥) : SReesA fRferma longW%ﬁW

() St RGFTR 714-8.590(F) (AT @RI I @, [feFwF HieR st Tqﬁimw%

I+ (X % FI9T) R log K, 97 TS G P R A (Y 0% 32190q) | widie Sromian 3 waet
SRR RIGFTR T3 K, @ T I A |
e SR ffeFa Bwigae zeE NL,O,, R PCls <7 ol Reamem | o,

() N2O4(g) + o As 2NO,(g) AH = + ve (+ 55.3 kJ)
(i) PCls(g) + ® As PCli(g) + Ch(g) AH =+ ve (+90kJ)

N,0, @ Rrarem Rferam siermat 3@ e 11y e NO, e «Aff 3 i/ | 0 0 39
K, &% T & % | PCls @@ (@R, Sietia 3k 30 e PCly 8 Cl, e s 3 o |

. (PNo )2 Ppciy X Py
D Kp= Pt (DKp="Poo 2
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(R) Streesr RfeFR @efva-8.50() (T @RI IA @, AT ORIl qu%wwa% a3
TH ZF A (X OF I7R9); 43R log K, €3 A8 FF #M (Y A% TAH) | e wieEl 3@
F0E SRR R AR K, 99 THI I |

@ FRRFaR SWIREd 2T N, @ H, (T NH; S | qrsta o gfa 33t ooy NH;
faraifere 0@ NH; SAMART 2 | T AR FIEF R8I A7 | @,

(i) N, (g) + 3H, (g) = 2NH; (g) + ©1%; AH=-922KJ
£ m (Pnhy)

P PN2 X (PH2) 203
STEASIE (i) 250, (g) + 05 (g) = 25053 (g) + ©1% ; AH =-196.6 k]

DKoo= (PSO3)2
P T (Psoy)? X (Poy)

8.0.3 IRAEE Bt (TSR ISR &S]
Effect of Pressure change on Equilibrium

I AR RN AIREE AFIFE O @97 5191 ST SILG) B9 PHE ©IF FLF] GFTOMd
Afeafee 2@ TS B9 ARTSR o] 2o = | oa—
(i) BTLoIR &OrR : BeeliTna crer eyt @ Fea,: 3 e steorel e sy Gt e &

W, T ST AN AR TS B1%1 AT | (1 I 0@ b171 et 01 TLAMARD A% | (&,
PCls @7 faIen=a cFea GEmiedn g | Sidie 5 fted e SIRres ey, JoTR A@a A
G353 Sty @ R T 7T feeR 519 e |

PCls(g) = PCl3(g) + Cla(g)
1 mol 1 mol 1 mol
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] 9, I AGITA A7 e SIrre I, TGt AT | WE Slo I Reeod WS q10s:

T P | 9347 e wqere (3 reaction quotient), Q. = [I)C;I%]C% (TS W 7, TH it

TR T WIS SEE 1 TW; O TNl e 27 | qrwtd Q,, «F AR TR wer 7ff fifrred
TR @I bIRed 2W; g 28 W T g 78 1 A Q> K, W 1 O Q, ¥F AR AR &
PC15 R S 3 waee Rfemn 3 firss 9562 | "o 9oata 519 ASIcT SeAm.Z o1 |
(i) BTCoR &1 : BeeTwa et it I 2wl : (@ fRferam Riers swwers Seenms syt oo s1ea
I R, G 51 A1 fRfewa s fees wieen 209 | @,
ST FACATCAR CFq R Ao esAlam et e 0 | B0t 9T “A0d G2 SN
SR 519 ST | JSIR AGITZR 5194 IO SHTHfAme Sesive IS |
N2(g) + 3Hy(g) = INH3(g); AH=-92kJ
1 mol 3 mol 2 mol
K &3 5 930 T : 9347 AR 519 Jad dorm Ai-Hieeferiem e s Rier s @@t
reaction quotient), Q. <% AT @ AMLIF, K, <% I TR I I | N7 IR 400°C SN
AT 0.5M N, 3.0M H, 932 1.98M NH; Itg |

_ [NH3)? A e
" N T O X GOp = 0 = Ke

O &fSfb TAmItTR T fedt 231 | [INH;), =1.98 x 2 = 3.96,
[N2];=0.5%x2=1.0, [Hy);=3.0x2=6.0% | PR I Q_ 47 Mt I/ 113 :

[NH;]? (3.96)2

TN T X (607 = 0076 < Ko

O Q. @ N I Ty Rfwat witfiices wetoTel x Wfis NH, Beoty 20 1| ST siegeraeet So51et
200 — 300 atm 2T I FBIF WEF Al NH, Sesim s 23 |

(A) TR N, (B) 517 3 FATCS © 5 R R Bestr

H, ¢ NH, 9™ RS 5 AW: COf3 T W eyt T,
Q =K ST e A O TG DI G |
Q <Kc) ! Q%)

f5a-8.58 : STCMA! BestviTTa g BIst e Teermw 3 |

Kp &% 39 Q=1 35195t « WA IR 400°C wremwany ez IR N, H, € NH; 0oR @
S M I Xy, Xty @ Xy R FAVRRIR @G5t P 1 Fodie AERs Ny, H, 6 NH; €9
1 Bl 18 I PN, = XN2 X P, PH, = XH2 X P @3¢ PNH3 = XNH3 X P

TAAS-3T (AE)-d¢ ()
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2
(PNH,)? (Xnus X PY? XNH3

1
N X (PH)? ~ (Xnp X P) X (X, X P)° ~ Xy X ) : Xpz

.-.ﬁmmm,xp=p

. K, 8 T O e S A1 P2 T 2 T S | R St K, <@ i <3
(constant) A | B K, @3 W= R F14E &) K, <3 APMRER A0 T die NH; @3 (Te-Sgie
(XNHS)qf?ﬁm»mﬂiawmmmﬁawmmqﬁammmmm|
WNH3%§"TIW'{§@"1NI

(iii)mmm:memwmwnmmm:mmmﬁmmm
RfeFT ¢ TW @ G STeAT] I AN, SIHA (L@ BICPR (FIA! &SR (1R | (T, HI aige@ae 31 HI-
7 e o) RidFnfire e ¢ BeAltmm GE-siedyl F=F A | A~ 5

Hy @)+ ;@) = 2HI (@) 2Hl(@) = H@ + L@ % "]
1 mol 1 mol 2 mol 2 mol 1 mol 1 mol AT- 21-2

T B1o! el TR AR TR e o TH; g @S SetmeTa v fReel 2 | o ffem-
e, QcaaWNM‘m'e“&‘@wmqﬁmﬂwwmvamwﬁaocmw
GARRRES it | O GUFE SR I GO AT 1 |

Q. = e = Lol Q= [H,] x [1,] _ [Hy] X [I]
cSTH X[l ~ Hdx D] <~ [HI? ~ [HI]x[HI]

FAMYITFS STH1-8.50 : RN S S T :
fRTEIS AT R TRER SAZE F@ AR e 3 e Riden fea Seenem
et e, ZT NG X AP A I ot

(¥) PC15 () = PCl; (g) + Cl2(g)s
(¥) CaO0 (5) + CO,(g) == CaCOs(s)
() 3Fe (s) + 4H,0 (g) = Fe;04(s) + 4H, (8)

TS : A TSR S S, ARER I R s ReR e R S o fie I,
@ T 20 A e et @ A

S : (F) CFGE 1 mol RRFTS 1 RTET 2 mol Beet sy Terfyy ZH; R HIAIICT 2R
SHeR R SO T S BeAH @A PCly @ Cl & G et I =M |

() U@ FATSIE HNFAY TS @ 1 mol A R wiwe; @ITA BesAm ST 7 | SR 5K
mmquﬁmmv@m&mmﬁﬁmwmﬁmum@m CaCO; R (&
FNZA AT |

() qrETa TSES ANFAd W RfeFe ¢ Teom Tey %@ 2 mol MR i SR, O S
ZITT A AR (e YA (P ARIST TB7R 7l 492 U |

TS (FFT)-3¢()



8GR AR -2 r{m

8.b.0 FRYR TGl *RRSTR aeq \959”7[

Effect of Concentration change on Equilibrium

M FAIZE N, T 8 Hy 7 (TS @IM *5R0S NH, Sl c0a T “RRSER 2ot
SIS I TS ;

N@® + 3H, () == 2NH, () K.=0291a700K

0=0 + g:g #%
%o

0-0
- Ba-s.se : NH; e Rfimms @ Seotivm wiafke wreer siieae

T F, 700K (427°C) Oreu@m, 9 N, § H, 3 RS FTRCE, NH, SFI@1 (RT9TE
fferar sIofiees 0.5 M Ny, 3.0 M H, 8 amfe | A
1.98 M NH; I ®T(% | @39 & ST 1 gsin P PP i
et 31 58 w9 W N, @3 @ 3 300 L B
A LS M M| 44 e g L H,
A = @ NS wPIE N, @7 g7 3 e e NH,
FaEie 519t AT (stress) AT BopiTT e !
& 5% N, 0P H, e R @ st et N,
NH; "I Beoi F903 | O NH; @7 =i 1.00
%3, N, 8 H, a1 A 379 | Ba-8.5u N, l«— awmmN,
(AF O B R | ARSI AR a5 TSN
QI T I T T A SopTRe a0 T
FYITY B A AN T AR 3@ wwig fow-8.50 : S N, ot @st 3/ o= ST
AR ACRZT 91 | i Ny, Hy, NH; @2 S991@d ARQes |

*Wﬁw,mﬁmﬁmmmﬁf&mwawﬁwﬁqmwm

*Wﬁmm,w-ﬁﬁwﬁ;mmmﬁ@mwmﬁwﬁmﬁm|

QX SR el MMen afwfrer Riwmm T TR v e o 9 | [
SR (700K) enafie Amfinga 0.50 M N, 71, 3.0 M H, i1 8 1.98 M NH; 7717 FRamns)

RIS RFFR e (reaction quotient), Q. @7 Rfe T @2 KA TR0 evrg AMFIS,
K. (0.291) 93 NI N4 77 |

[NHj)? (1.98)2
A QC = [Nz] X :EH2]3= (050)(3Q)j = 029 = Kc
*nwwwnwwﬁjwmﬂmwmmwmqﬁm L5 M 39 Q, OXF AMET
AT T R T 3 AT B Q, @ VAR ¢ K, 576 0 7 |
[NH;]? (1.98)2
Qe = (NI (H;F = (1:50) x (3.0 = 0.0968 <K :
. mwmwﬁmwgaﬂmgﬁwmﬁw%wmwm
Al 2T 97 TAZPT 6 =’ @ T 3 A0S 2 1 @ T RY N, @ H, & NH; 107 ARKSR 390

TAET-5T (TPTF)-3¢(T)
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T | @SR AR Mo T A | TG AR eed o (-850 i) AR @
131 M Ny, 2.43 M H, 6 2.36 M NH, % (@-8.5% @7 g+ AR Hy, NH; 6 N, &9 Tt
Y-S (0@ (A1 TATR) | O Q, @7 e 1 (0.296) 8 K., (0.29) 7 W8 e eimay 7 W |

[NH, ]2 (2.36)?
Qe = TN,Tx (H; = (13D 2.43)7 = 0296 = Ke

5337 : (3) Aol Aew FrfFe Ko Q. ¢ K, Tow wiee Ak owg Wi | (}) Q. ¢ K & Wy
T i e, Q. @A ww RAEES 8 Beohwm WAl K, @9 AMPLIER WAHAR' AT WS Ae @ AR
wdie Q, @7 @R BeATWR TN N K, @R @ AR W 97 TFAY Y WL AF G @ TS A |
(o) o2 i oo s @ (1) e Rire o Testims T o fomRFe (calculated) Q. €@ MW
79w K, @3 F57 a1 20, O3 e wagR (disturbed) Rfwm-Fesafo -Arsmm WS wEiE eres
Tl Beetiam Tl e S P IR TGAOHS FHMEER GEIR &N A ]

FAAIYFS FTTT-8.55 : AGRYR T ARIETT et
T @ AIFfET T et At HyS @ Y AT TS IR TG ACTEIR AR 8 ALY @Y
A=A
2H,S (g) + 02 (g) == 253 (s) + 2ZH,0 (g)

et e T - (F) O, @M TR #7 [H,0] &3; () O @1 TR =7 [HyS] «F, (1) H,S @
TR #1F [0,] @F; (T) S $8t @Y T 47 [H,S] 3

vt ; R SIS (A1 reaction quotient), Q. RTaE1ww &fSf ARTETH =1 Q, wa ! ~Afes
70 @2 K, 97 M Fel #1147 2, ©F SN AR | 9 (A0S AR T A1 AW @ W b
T A T LR AT Tl ~HfFTS TeRR i1 AT |

g ; fRfe Sgee (A reaction quotient), Q. = TH—z[S%

@) R 0, @M I, Q, IF TR W AT, B Q, < K, T | O A wiiees &y ffersn
T it W qdz [H,0] IS !

(}) QARG O, @M TT@, Q, < K, T; ©4 g H,S @ @ #41 0, «9 e Rferw +17, o4
AR TRMTE SR TR @32 [HyS] 1 |

(o) H,S WP *f Q, &7 T T IR, B Q, > K T | SR Amiag) I s Freeess oy
g H,S 8 O, Ty T 9 [0,] IR |

() %0 9B S R T 1 R SRS 1 T e R wgene A Qa e o g
QAN )

AMYFS FHAT-8.5% : ArOrREH Ry e a9 :
@) A (g) + B (g) = 2C (g) : Ritra® «af® Ffie otermar smmiwgm sz | RiFlbre (3)
SORT QI I LA (X) T eI 51l e I Beot C (g) @ AR 3% w1 A e

TG ; (3) TROF Q@M I C (g) & IR UG IR A, IR ANGRER Toid TROE (I
AOR (R | () ARy RiEibre TRerR @A 4RI 70 =1, o1} R[fernba Tepags ook e @i
2o (72 | FE2. 3 ST 5193 I C (g) R TeAWH Q! 378 7 |
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(%) CaCO;(s) &= CaO (s) + CO, (g) Rferxift > 7w ivw wiew 1 3% fx oremam RiFaba
| ARTRER IRW (RF CO, (g) @M I W, SIFCA SRER €97 N SR 9E?

T : ewe e ¥ K, = Peo, | T wiomaia 3i%e (29 CO, @1 7901 CO, 7 wiehi
B (Peo,) I AT 1 fog ff2 et K, @3 79 @39 | 1%, S CO, A e CaO @7
e R FT CaCO; Beety F40T | TOF A CO, 3 ST Biot 944 BICo ST 2 |

() C (5) + 0, (g) = CO; (g) Rfenf® = T@eIrTm MyZR W | 7" RfeFaa R
A W@ C(s) @ I W, SITA AMRIR TR F 2o ATE?

TR : C (s) 93 Rwm IR mid) @ @ s e o1 547 $39 932 AFT o 0w
mmﬂa 8] 8 w03 W11 JIeR ave TR ANRZE C (s) @ 901 AURER @Al

< A

8.9 fATIRemTy w-relmi Mfew et
Use of Le-Chatelier's Principle in Industries

o Bestmea ot =A1-e R Ao e 9% IR | s 9 ey P efim i @
A= NS SCEADN 21 TN |

(%) S Ay Besitiw : AT Rt @IR-Q@M “Tafere S Sesio Rt
e Tiiead oot 9t T2 IW

No(®  + 3Hy(g) LN 2NH;(g) + 922 k] AH=-922KkJ .
Y IZF, 1 mol 3 mol 0 '

HATIA, (1-x) mol 3(1-x) mol 2x mol

(5) BTCo &SR : @ RfEA 51t 2R K, @ T (es w1 A | wiead Wre |, e G
CIEARN = (1 —x + 3 - 3x + 2x) = (4 — 2x)

(Pni,)2
fofmm Amees, Ky = —————
P” (Py,) X (Py,)?

: 2x.P x.P
07 Feifba GG 5191 P 20et; NH; o e 51, Py, =20 = @0
_d-xP S _(3-3x)P
N, @1 W{ﬂa i, PN2 —(4 ~2x) qR H, @7 W\ﬁﬁs B, PH2 ——(4 ~2%)
( N P)z x2 X P2
2-x" 2 -x)?

~Kp=79% p) (A=3% p) TU-0XP 2711 =x)x P>
3=7x )(4—2x' ) 22-x) X7 82 -x)p

) 16 x2(2 —x)?
o Kp=ﬁm,ﬂﬁx<<l'{§ll
O (1-x) =1 @R (2 ~x) =2 R AR;

.64 x2 27
KP:ﬁ‘P : ?T,x2=6—.Kp.P2 i

ANESLY) Vol
(o L ni J

TR T, P SIATAR GG Bit P <R W IR e 91 AT Teoi, x 47 A ©TS s AN
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B 3 AT 43R BIAJICTR FT SOTHR BLATAZI A1 | ARHES GIBT (AT G7T TR, 1A
200-300 atm <9 W0 AT BLAH T | IV SO SATA 200 atm NI ot
QT FA TH | :
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L R) SRR el ;. Sy St RIEETE Seeneet® | ok w-HretmeE A S
. SIoNIA TSI I A, SR Teima ool @ 100

W@ %7

*WMW@WWW(W- §:Z: atm ﬁmww

< %, 200-300 af

i;;gﬁ?:ﬁf\w 98-3% WT"C‘nﬁWT '@%’ﬂWC‘W m E 60 J W,MOC?SOOOC
. ,5 50
NH, 171 el Q6T AN A @3 Reaed & 40 -
Aty are R T8 (@ PRl 34, 30 1
(3% 4 mol RIS PT (A 2 mol NH; WM |

BER 3TN TREAZIETE T TH 5191 1000 atm 0

T 4, 200 250 300 350 400 450 500 S50 600 650 700
Siedt fifer geam fw el 200°C e (°C)
q T Siorial Iy A | f5a-8.5a : RSy v1%1 @ Sromm@m NH; 97 Besime |

g Firm FrRNTR SRASS wTeA &0 Bermraa AR TR e ReIble werrd 1w St
SR BeottTa T A1 AP A «ae T wrerar e offS 3 o ) werfiee stomar 3%
T AIAE SR o2t SeaAmm gt +im (Ba-8.39) 1 @ 76 Reidie =rda v @ @
S fRE157 FA0© T, (T SN RS I A0 AR e #11S 341 T¥ |

&fSfB wrseAR fig afermm aom «@fs 4R Sromma s, TS AfeFn AW e W | 9
IS TOTITF ©IAN@l (optimum temperature) 3711 T | FIHILAMC (1 (PN LSITT FRIRITS
fRfFTe @ Eifve 3@ g S0 I9gR 697 97 4OR-GR | @ FICd Frgesme sl
T AORTER N 2z 9 T | SO Ol iy ereraw vy RSy 7 1 o @ Rfdmm Fe ut
&SP AN MgO, SiO, 8 A1,0, '
fiare doRe RS A A6
(promoter) RTTA IIT T T AN
qETH A SrATI@IARLY 400°-500°C
TG IR |

fiferaifrs SIEeAR A 0 Twois
NH; «3 T% Teoma Sl 1 315, T 9
fRfeFr Kp @7 Te9q (e =B 1o | 3 ‘
q Rfém o SoTgEa 200-300 atm | §# ' Mo
Biot QT I TH 4TS | \ 4 W .

** wegaFety Prarsa B3
F4ifdF 35-40% NH; (SRetH) Tesima

e A WOITEn SAY AT I
@.

(») fferme 39 3= & 2©T Fe
4Tl @ ATIoT/A TS (fused) MgO,
Al,05 8 Si0, «@ fErea Smm —10mm
wr Rfem oo 9ge; () R il AR enpe S Sap
AT 400°=500°C SISl IS A, f5a-8.50 : (A9 AT ST TesAm
() B 200300 atm TN I NH; TIPS S0 TS 8 4T3 SRNgS 0 (BT FFHFA F41 |
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(%) RERT afrc RrmesmTs oFm $0,-97 &Rt Tt SO, Beoimw : Ay Pfs
TRFERE afie 2gfon «aft ergf €19 2= SO,-a7 &Ret | Bery SO, TR I “Hfew Rfert T
RS e age 1 W | #HfATS SO, <& gaTwe! I W 98% H,S0, «BiTe SO, e e
FMJ

1gS5(s) + Op(8) — SO,(g) AH = - 297 kJ
250,(g) + Oa(g) = 2505(g) AH=-99x2=—198 KJ

2 mol 1 mol 2 mol

AR AR (AF T T, SO, Berimw Rz~
A-*TeferaEe M S, ﬁﬁ@’fﬂme%ﬂsmﬂﬂ‘mmmlﬁ\imﬂw
TRYART SIAge W G A wremam Ridws oo 25 o4 1 « srw, e w$Rf am 3w
LOITIR TH A EFRT TS AR SO, Teoi Tt =7 )
() Rz Togdt q3e wrestedir, o2 Ry Sem@m SO, 7 Beoiwa Mot | o Ay Sty
e Azafers S 20 301 O% SrmiaR emeH 27 |
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Law of Mass Action
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Application of the Law of Mass action to Homogeneous Equilibrium
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(}) 2NH,; (g) = Na(®) + 3H,(g)

WSl : TeATa R Tl APICE =19 @ Rfemea carer et A1fics <2@eet e <% | eforem
CIET STRICF (NI TR ST I Yoot @72 =7 |

. [NHs]? 'MC
T : (F) K.c=m3;— 3

v INaIX[Hp1? 1
) Ke="INIE" =%,




g - T2

TATFS F-8.58 : ANRETF K A1
500 K ST, SRR Bea W @@ Ay e fAagel s @@ : [Ny] =3.0x 102 M;
[Hy] = 3.7 x 102M; [NHs] = 1.6 X 102 M T | WCR T01-8.50 <@ Tox Rfdrwia &y @ oersam

ARGLIS 1T 39|
WS : Iy SR, ARRER BeinT @ RRRTE G TR 9w IR AT Ao 31

. [NH5P2 (1.6 x 10-2)2
TR : @)Kc=m=@.,0x 0% x (3.7 X102

7=1.7 x 102

, _INJIx [Hpl® _ (3.0 x10-2) 3¢ (3.7 x 10-2)3 ;
O Ke="INg = 1.6 % 109 =59x 104

1
7% 37 @, K, TN K, @ Forefes | wdie 5.9 x 1072 = 775707

STTFE TA-8.3¢ : AT K, 8 K31~ :
R QREed Rwafie afrmm ofys Afwe B UF P Seaiwa 9 0 | QU a9 Iem
ffemifs 21 : HyO (g) + CH, () == CO (g) + 3H2 (8) :
(F) T <T@ K = 3.8 x 103, Sieiwial 1000K B; T & TR K, 97 T ¥
() T GO K, = 6.1 x 10, SN 1125°C Q; W & SRR K, 3 T ¥
() @1 o RfdFR ool () K, > K, @3¢ (if) K < Ko T T e |
wwet ; FE K, = K x (RTY° I9%9 T, R = 0.08206 L.atm/(K.mol), @R *F T,
An = (TR Beowa e et - RfGFaTea ave wied)
T : (F) @ R, An=(1+3)-A + 1) =2
. Kp =K¢ X (RT)A2 =(3.8 X 10-3) X (0.08206 X 1000)? =26
() IO K =K (RT)? TN I K H T [

K. =K/(RT)2 = 6.1 x 104/(0.08206 x 1398)? = 4.6
T 9, QA T = (1125 + 273) = 1398K
(1) S @i, K, = Ko RT)A; |
@I, An = RiEFm 7 Beenra Gis @ At — S RiEFe @It GIE et |
51 Kp> KT, 30 R An > 0 2.1 @0, ‘
PCls (g) == PCl3 (g) + Cl, (g) RféFm oF@ K, > K,
21 Kp<K, T@, 1 REFm An< 0= @,
N2 (g) + 3H; (g) == 2NH; (g) Rferma ot K, <K,



IS e 8uq

fRrdY five =9-8.b : S3frmma Fafofoe »
FAAFT-8.3b : WQWWQWWEWWWWWW
B 31 28 | A5 ererss fAfme e wleadt ¢ |

(%) 250, (8) + 02 () = 2503 (g); () 2505 (g) = 250, (g) + O, (g)
FAT-8 Qb 800K SIAwI, SO5 BAMTT ATITZE Gl ol 28

[SO,] = 30><10—3M [02] =3.5 x 10-3M; [SO3] = 5.0 x 10-2M; 8578d FT71-8. 30 43
WWWSOOKWWWSTWWM@ (F) 7.9 x 104 () 1.26 x 10-5]

- F1-8.90 : (F) AL K, 8 K, G (P 433 (2, 47 IFA 7 F4 |

(ﬂ)K e&azmwmﬁmWWW| : [eriEafeies)
@) Az(g)+B2(g)—‘2AB (g) QWWWWK eKcawwmafﬁf—éTm|
[5. Q1. 205¢]
: j.(:r) 2A205 (g) -—‘4A02 (g) +0,(2); aﬁwﬁmﬁa K, aﬁmmﬁ%vnmm|
; U B dtsesel |
(8) N,O, o7 R Kﬂﬁfﬁﬂﬁ%ﬂwmn ; [, @1 205¢]
(5) K <& I ) T O RC© A A IR I 3. 1. 05¢; i, @, 305¢]

TIE-8.08 & B TR@ER Rt afrwm Seey wG@ R fi=d (CO @ 3H,) @ wikwed
mmmagmmcommmﬁﬁwﬁﬁmmm « GTIBR-#I731 T fafiwanS =gt ;
» CO (g) + H,0 (g) == CO, (g) + H, ()
: 700K<51‘WT@T21 mﬁﬂnﬁwﬁfmm\ﬁwmwm CO TR 1.31 atm, H,0 AT17
10.0 atm, cozﬂmamzatmmmﬁnmzmamlawmmxpwmr - [®;9.48]
F-8.0% © TGS GG AZHE PTG TeAMT {7 4107 TIGD THZCE WAL T
L ARG CIRIHIRE TeaAma 1 =4 : 2NO (g) + 0, (g) = 2NO, (g)
(%) M 227°C-9 K= 6.9 X 105 T, @ wlfa1am K, & T 39 32 [8: (F) K, = 1.68 x 104]
() T 1000K-4 K, = 1.3 x 102 ¥, @WI"WTZITIIK G TN Fe A2 [ () K, = 1.066]

8.5.8 MEFIF K, 93 9Fg Il Sleor
Importance or Significance of K¢

I TR TR AEETE T @ S R g sy

(3) s ffefba e (extent) 6@ e, (1) Rfamfoa = (direction) swF el #ira,
(o)mmwmcwwﬁmmﬁoﬂwmﬁwwmn

(5) RfsFam e (Extent) RBR : Arigrarss wifes W= Tou ffaw@ ovta &g o fare
e wea | fasidrey A il Faiey SgR A0 | @, H, '8 0, @7 e Bfem H,0 Beo 20 arseg
500K (227°C) SI9MIaR AMIFIF Topfe Ta (K. = 2.4 x 1047) g |

2H,{g) + O, (g) == 2H,0 (g)

Ve RO
gy fafeam TR, S00K I, K. =y 125551 = 24 X 107

i » P X[0] 1 1 !
- rhI R RfETR @ m @ e, Ke=I,017 =K.~ 24 x 1077 = 42 % 104

UG 4.2 x 10-48 Tl YaR A%ty Fe:71 | w1 N e I Hy 8 O, WA =iiedt T 41 )



8%t . TARH-2 G

e @9 55 TeqA Rfer @ (i) H1 w9 8 (i) N,0, Rrarea s fara om 31 1
(i) H, 7311 8 I, qreee@ e, 700K Stemam K = 57 27,
H; (g) + 2 () = 2HI (g)

[HI]2 _ )
KC = [H2] % [12] ===, 57 0 (at 700K)

qUEtE, H, 8 1, 99 Tiet 0.01M & AT H1 @3 9991a #insit I 0.075 M. @[,
[HI]2 =K, X [Hz]lx [I]; A, [HI} = V(57.0 x 0.01 x 0.01) = 0.075M
GUHCE AREA Rfereea Tt 0.01M @ TesATHa Tt 0.075M IBIYI! 8 AT |

(ii) 1A N,O, 93 Rearet=a Agds K, 9’ T 43 0 91 &% 78, K =4.64 x 1073 (at 25°C) |
SIIER NpO, 93 NO, @7 TIal AR 28 1 (T, 0.0337 M ¢ 0.0125 M (Tf-8.8 (7¥) |
'\‘A/”'mmm ) K, @ 9 1073 (2t 10? @@ o Ar3ee Ay fegeet e @ Sest sty

sAfae A
\/'ﬁn)/j:;p103;wmmﬁachﬁﬁ1rﬂm'm%&ﬁﬁ@ﬁmlwmmm{a@ﬁm,
LA TS @RI |

fih) T K, < 1073; = 1y et Bestwraa o7a Riftrrs @fét Qs | SRR K @7 ¥ 43 3 T,
Tyt fRfeFa 96ce 51 7 QRIE |

fAt5a-8.55 7 fBwm K, @ wRfefes faferar anfe v o =zem

K @ _—Kcmﬁ

T 1073 ' 10° e
mﬁlﬁw o T R om
i AT AR A FiReR e

foa-8.5 : K, @@ wHffes Rfgam afe ke

() RféFma A3 7w are e : YOG A7F ¢ S It ({tE 700K (427°C) S
HI F¢eese i K, @7 17 fe Sicsmsa <11 919

H,(g)+L (g) = 2HI(g); K, =57.0 (at 700K)
@1 19, fafera o%a 3w A3 Rfera fged 700K Siom@m Hy(g), I, (g) @ HI (g) @3 Fawial
[H,]); = 0.10M, [I,]; = 0.20M 3% [HI), = 0.40M #iteqt ¢ie1 | @ e fRfermfs sismegm ohewf®
QYT P G IR WE AR AAA0T I @ T 4R, o R[fesn wqemrs (Q,)

reaction quotient I |

[HI)? (0.40)2 .
[HL % [, - (0.1C) x (0.20) = 80

T K, 97 SEASIR Q, (F eI I =W | TAEA 71 (T @RI I Q. (8.0) @7 WA K,
(57.0) 93 T (AT S IV | B3 Q. = K, T® A t T Arae Rfernt vy fars wwae 15w facw

. R i, Q, =



IS e 8Y
ST TS A | A9 N ot Rt st Q, < RveT e IR | oAk Q, 8 K, AP gfoa Wi
e fifem e stacs fFwaet Prae fica-
(i) I Qe< K, TW; & R 7qrfiics wapvra 27, Best A1ete A |
(ii) T Qc> K, T; o3 Rl Arpergr sivia &y sroied 20; Sestitna Rares <66 |
(iii) IM Q; = K TW; &= Riswafs Armiazm ¢fex ¢t @RI |

BT e : | TARTE TexR Rfw [H, (g) + I, (g) & 2HI (g)] 97 cF0@ o @1 581y
TG et e o1

(3) T K, > 1 TW; O AR SR et eyt [fsmeea o wiewnz oo @t =7 ) widfie @
e T0EE 50% @@ @ oifime R Beem «ifids TmEm @R |

() IF K, < 1 Tq; O AMITZR TeATR (1t eyt REFTre e edra oowa a9 21 | 9de @
R s 50% @@ 79 i Rt Besim e T@m @R

(9) TIT K, = 1 TW; O AMIZA Terim @ [ferws Torma e i A9 330z @R | wdie @
Rferara TrRER 50% Rierae Teomm «fRae TR @RiE |

8.5.¢ ATFIT K. 8 K, 99 C3fB7 (Characteristics of Equilibrium Constants)

(5) AT armfRe RiTarR Tmeasa T «f e srommam [fE Tee 21 | Srrmmr ARsH
SRR T I R =1 1 Sl Sy Rierm otema Res ngaces w1 e A | Sietiest
ToyR R SreIa 3HCS AL AL o1 |

() K, 8 K, 92 T lteR 697 763 303 11 | g wermary eI R sree I AP FE K,
8 K, &3 WS CFICA RIS 76 1)

(9) Kp 8 K, &7 W1 Ok | TR0 SoAREfore 3% A0 R 7 | IR erorea Sif¥fore e
8 P51 R ot eI 3 =

(8)%#WMWWW%WW&WW@%%WW

@, PCls (g)# PCls (g) + Cl, (g) RfeFmifba e 177°C wimmam K, <% W17 0.19 2¥; PCls @3

mﬂﬁzswmmmimmmlmm o5® cmﬂme204(g).- 2NO, (g) R K, @7
A 4.64 X 1073 W; N,0, 93 1S gwral 7 zeqt ras; T14-8.8 (w1 |

(e)m%mwwﬁmmwﬁﬁﬂmmwmw
R A %7 (reciprocal) T | @, PCls (g) & PCls (g8) + Cl, (g) RfFnfba e Rfrm
Kp_P%:C‘z | qrwta ReAAoyq Riswam wdie Tesmmz cm;ﬁﬁwm OF I A, 92
S PCl; (g) + Cly (g).- PCls (g); @7 T K/, W:fj‘;c—z | 4w Ten fRfrr
AT MR 71 77 K, = K G e

(e)mmﬁmmmmmﬁémmwﬂmmw o @R e 37 |
@ATA—



890 TARF-GM 4G

_ o 3

() Ny (2) + 3H, (2) @ 2NH; (@); (i) 2N, (g) +3 Hy (2) # NH3 ()
(Pny)? Pnn,y

AR, Kp) = P, x Py * TR, Ky, = B2 X (Pr) 2

: 272, .

T e ;IR AR R s e e, R ANERE W = K W@, W @ Aiewew
s P ¢ B W FHRAE ‘m’ KT WA o T W, O TG A Spwd Rfwmiba A W=
I K™ | S_F TSNS ‘m’ﬁzmwwwmwmmqmﬁmmwmﬂ’m |

TS T-8.50 : RfdFm fres wmanfdfes

500 K Sti@® 20 L REF @ 1.57 mol N, 1.92 mol H, €3¢ 8.13 mol NH; fiffe z=1
T | & oo R @ N, (g) + 3H; (g) = 2NH; (g) @9 &I K & W1 1.7 X 1020
"I fiffe e R @F e s 7@

WS : Q. 3 M A I3 ©F &M K, 9 WITHA AN T F0© A |

ML : N; @3 (Ve @t [N,] = 1.57 mol/20L = 0.0785M.

S@ereId, [Hy) = 1.92 mol/20L = 0.096M; [NH;] = 8.13 mol/20L = 0.406M;

Q WP AL ANFA Q, &7 & T IR

O INE 406 _
c~ 3= . n
[NoJox [Hy].  (0-0785) % (0.096)°

t

ARG Q. (2.37 x 103) &7 Wi &8 K, (1.7 x 102) 3 AR (5T qG, ©IF FANEFIEI T T
N A0S I SR R firs s e 7@ widie g NH; Reaifers 7@ N, @ H, @@ ¥Rl
e e T, @ Q =K. =1.7x 1027 |

() 2Mfie T AT A e o e e

FRTFS TE1-8.34 : 700 K S#HI@E 1.0 mol Hy @ 1.0 mol I frec= 10L Rida =i e
| @ SR ARSI K = 57 T AITEE Hy, I, ¢ HI &1 TRt 37 e 00 fgeer qoe
33 2SS TAMIN oo T | ,

AL : RS 5 qieet el W 0 9

ST 419t ; ¥F TSRS A4 : H, (g) + I, (g) = 2HI (g)

T 419 ; QWS IS AN, [Hy] = [Ip] = 1.0/10 L = 0.1 M, Tt 3 ¢ 197 4 x mol/L Hy @
xmol/L I, R 3w 2x mol/L HI Beolg FCE | TS H, '@ 1, < TAN@IZFT ¢ (0.1-x)mol/L 7 :

2.37 x 103

Hy(® + L@ == 2H( |MCQ-4.13: IR Hé% +
fE @ (M): 0.1 0.1 0 I(2) & 2HI(g) Rfgnioa -
W@?’lﬁ'ﬂ\fj(l\)/l) -X -X +2x (i 7! (i) FICea

‘ : Qetet e e =@ Al
) S99l (M) ©01-x) O1=-x 2x (iii) @gvﬂwgﬁ; AR
OF 419 : AMRER K, = 57 €, TG AN e AT ;| oA @b Aowr.
QeKomste 2 ep 42 (G
[H] % [I] ~ (0.1 —x)(0.1 -x) (0.1 -x)2  [i(®). @) Liis
2x

WW"“Q, \j—5—7_= + 7.55 =m3



AT =HfRTeT 89)

IS T g +AR; AN T A A,

7.55 x (0.1- x) = 2x - 755 x (0.1 - x) = 2x

41, 0.755 = 7.55x + 2x q, - 0.755 = 2x - 7.55x

<, x = 0.755/9.55 = 0.0791 M A, x = (- 0.755)/(-5.55) = 0.136 M

RRY i SqgR, H, 8 1, @7 T79@t 0.10 M f&#; x @3 19 0.10 M <« &Pt 209 41 1|
ToAR x =0.0791 M &2F; W= T (0.136) 42T 77 |

8¢ 417t : x-F W P AGRZW TAMITR T el -
[H] = [I,] = (0.10 - x) = (0.10 - 0.0791) = 0.021 M
[HI] = 2x = 2 x 0.0791 = 0.158 M

&N 417 : ARZR ANSAA & 7 T I FoAPA F61R

[HI]2 (0.158)2
K, =570= [H,] x [I,] = (0.021)(0-021) =3
ST 1o SR e

(T e = (IR x R <t wiwen e
< Hy 99 GN¥ A1 = [ @/ G 147 = (0.021 mol/L) x (10 L) = 0.21 mol
HI @3 aii&e 351 = (0.158 mol/L) x (10 L) = 1.58 mol.

TAEFS FET1-8.50 : 93 WG T 440°C S 2 mol HI (g) FIEE ¢Meret
=3 Tee 41 T | (At oW @, HI(g) 22% Reaifrs Tawe | RfwFaBa e Ao $et |

TR : *1$ S @9 2HI (g) = H, (g) + L (g)

e, HI (g) 22% Rranfé® zta1 2 mol HI (g) (303 2 x 0.22 = 0.44 mol HI () Faifers
QAR | &AM 1 et wiikeanférs HI (g) Wi = (2 - 0.44) = 1.56 mol.

fferra st o7t T/, 2mol HI (g) <3 RS 1 mol H;, (g) ¢ 1 mol I, (g) Besiyy 7w |
o1 0.44 mol HI (g) @3 RTAETA H, (g) 8 1 (g) @67 0.22 mol Bevtg =7 |

ff SI@ TR WS VL 2, ST SR [{ies SR e St 9 fEse -

2HI () = Hy(® + L(g)

1.56 0.22 0.22
TUREE A M) vV
0.22 0.22

, [HIx[L] V XV :
R KC:%THL=W=O'OIS
(<)

TAMFFS TT1-8.55 : 470°C SoW@™ AB (g) qifba 45% Rfere gn | T% Raem
TETF K 107 72 ) 72 Rferns zeom @ 2AB (g) = A, (g) + B; (g)

AT : B TANF: 2AB (g) = A, (g) + By (g)

S, AB (g) 45% RefEre 0 | ©37 134 70© 2 mol AB (g) (¥TF 2 X 0.45 = 0.90 mol
AB (g) Reafés zong | AR AfRee SRTAfES AB (g) SR = (2 - 0.90) = 1.10 mol | R



8ax i TARE-2Y] fl«'ﬂ

ANFA (9TF 74 T 2 mol AB (g) €@ 1 mol A, (g) ¢ 1 mol B, (g) T&H T | Y1 0.90 mol
AB (g) RTIew A, () @ B, (g) @f%f53 0.45 mol Bevyy T | AW WG =M WSS VL =, B
SRR SAMRGTR IR T I e

2AB (g) = A, (g) + B (8)

1.10 0.45 0.45
AR T (M) v M O

0.45  0.45
: _[Adx[B)_ VXV _
L0

- K, = 167.35 x 10-3

ANYITFS IFFT-8.%0 : 4,05 mol RTHTTW @R 4.65 ST 444°C SrerTtam 1L FIce
@rd S5t T 6.75 mol HI Bedia Tt | H, + I, = 2HI Rfrmfba smg<= K. ¢ K, a3

AR : x‘ Hy(® + L(® _A‘a\ 2HI (g) @1, a = 4.05 mol
& STFE : a mol b mol 0 mol b = 4.65 mol
AREE : a-oymol  (b-o)mol 20 mol o= 6-2£ — 3.375 mol
V=1L
T R TR |

[H,] = (a - &) = (4.05 — 3.375) = 0.675 M)

[L] = (a- &) = (4.65 - 3.375) = 1.275 (M)

[HI] =200 =2 % 3.375 = 6.75 M)

K, @9 ANSMAD & QTSI AW Gt g 1M e oty 3ea =iR-

o [HDE (6.75 M/IM)?2 _so (G2 - A5.S5625 . o
“ Ke =1,]1H,] = (1,275 M/IM) x (0.675 M/IM) ~ (1.275) (0.675) — 0.860625 ~ >~

R, ARY @ R R § Bedwm ae el T, GRg K, = K, = 52.94

FARIYTFS TFT-8.25 : 298 K SHoam AUgw N0, 47 Rrarert et N,04 47 Wi
191 0.8 atm @3¢, RN K, = 0.008 | RiFmfba K, ¢ NO, a7 Wifre st fief #1

W:mﬁ?wmw:m : NpO4 () &= 2NO, (g)
% ; 9, (PN02)2 = Kp x PNzo 4 [Tgreas F3|
q, (PN02)2 = 0.008 x 0.8 atm = 0.0064 atm

B PN02= \100064 = 0.08 atm

R K, =

WA, K, =K, RT)A - @, K, = 0.008
i Be = (RI;‘)AH 3 =0?082 L atm K-'mol-!
qUFE, R=— =
0.008 L mol~'. atm
T, Ko = 0,082 K- x 298 K)! T =298 K

An=Q2-1)=1



AT AT 830

0.008 ~
9, Kc=m= 3.274 x 104

- K, =3274 x 10~

G2 : K, '8 K,-% TFe Fefi? erers P g ovm 1 M s 1 atm B o 30 fire
TIIFR1K, 8K, R 33 AR ]

TAFFS TT1-8.2R : 298 K I, 25°C Soiiain @ 1 atm it GIEARGITow GGrange
(N;0,) 97 18.5% ﬂmnmmi-wmﬁmﬁﬁ@mnwmmmxpﬁﬁwmmﬂm
@R 0.5 atm BT N0, @7 fReare Tiat 399 373?

TR : A TN TN, NyO, () e 2NO, (g) DA% : ARG K, TN @iy,
AIEE : (a—0) 20, OR R 9FF atm IM facw
T #3, 1 mol N,O, (eft TR | weie a = 1 mol TR JIZS TAE 1]

TS, 298 K SI#t @ 1 atm 5T o = 0.185 mol, a = 1 mol

2
T @R, N,0, < Reater s, K, =22 XF ,-,a%\/’_f;

N @ =3[ 32 ; wdie, 0,185 =%\/—Eif T, K, = (0.185 x 22 = 0.1369

ks 1 ?
aﬂ,P:O.smﬁmmmﬂﬁm,a=§\/0—aK_5, aLa:i‘\/—ﬁo 1.353;
A 1

4, o =75 X 0.524 = 0.262

SrqR, 298 K SIMTI@™ 8 0.5 atm e Rcares T, B = 26.2%

TTAMITES TR-8.39 : 25°C SN 3.0 atm BTet PCls 80% Rrafere Tw PCI; 93¢ Cl,
Beoi 3 | PCly ¢ Cl, 7 WP 51 a3 K, Bl -

SR g

FfEBRET:  PCls(g) &= PCly(g) + Ch(g) R =R, o = 80% = 0.8 mol-!
ol g 1 0 0 519, P = 3.0 atm, 1%, K, = ?
AMRER: (1-0.8) 0.8 0.8 PCly 1 WS 59, Ppcy, = ?

= 0.20
- ARZR (5 G ART = (0.20 + 0.8 + 08)=1.8

’i PCls «qq WRW ﬂ", PPCIS =01—'.2ég X 3 atm = 0_33 atm
PCl; @7 Wi 51, Ppcy, =%x 3 atm = 1.332 atm

Cl, @@ S 51, Py, =%x 3 atm = 1.332 atm



848 TAF-29T A

' PPC13 X PC12 (1.332 atm/1 atm) X (1.332 atm/1 atm)
¢ RO TR, Kp =P — = (0.33 atm/1 atm)
_ ﬁ3%;31.332 =533

~. Kp @ T 5.33; PCl; @7 W¢® 514 = 1.332 atm; Cl, @@ 3 517 = 1.332 atm
AATFS T-8.29(F) : 1.0 L wweesa @B #i1t@ 0.1 mol PCls F TS T30 7; o
STfRveee oN% B9 W 4.38 x 105 Nm~2 | Storarat, T = 450 K Tt7 Sead K, 93 71 fBfa 331
AN : PCls (g) == PCl3(g) + Cly(g) .. Aufre cB cue e
SR ST : 0.1 mol 0 0 n=(0.1-0a+0a+0)=(0.1+c) mol
AW : (0.1 — o) mol o. mol o, mol
© o D AR @I e YT ‘n’ @3 T PV = nRT (W0F (3 FAIN ¢

PV 438%x105x1x10-3
n=gF: Wo=""g31axa50 (I ), I, n=0.11707 mol

- 0.11707 = (0.1 + a); M, o = 0.01707 mol

K, AR & BAmm e Wi BT atm G90F TIZR FAS W | TR AWE (T 51
438 x 105 Nm~2 Yt T atm @S T = (4.38 x 10° + 101325) atm = 4:3227 atm

- POl a8 R 1, Py, ~ QLTSI i o o,

0.01707 x 4.337 atm _
@.1+00170n .-, 0030 am

0.01707 x 4337 atm .
0.1 +0.01707) = 0:630 atm

Ppci, XPol, 0,63 atm _ 0.63 atmy) ; (3.062 atm
P= "Ppcig =( Tatm < 1atm )/( 1 atm )=0.12962

TAGAFS T1-8.38 : @I AT srmatm 24 + B = 2C Rfemm Ampwen 11
8.0 x 104 | IW @ wSrerrarw e R o7 FIIT 19 1.24 L mol-1s-1W, BT TN
RfFa T9 $IT3 TR 3 TI?

T4 R 29 3%

TR : AL, K = Roriie R 29 7@

- AR PR rge =K xRde Ritmr zr g
=8 x 104 x 1.24 L mol-'s-!
=9.92 X 104 L mol-!s-! r

AMYAFS TO-8.8¢ : 25°C S*a@w 250, (g) + O, (8) = 2503 (g) Rfwwmn

PCl; <% S 519, Ppcy, =

Cl, «3 wefis Bt PC12 =

K, = 3 X 104 ¥ <7 K, 9% T 37
Y : ows RAEFTR oF@, An=[2- Q¥ 1)) =-1
‘ —1g-1
SR, K, =3 X 1024 @8 T = (273 + 25) = 298K, R = O'Osil;f;lmm‘gf_% K™ (arwam)

K, = K, RTYAn A& @ Tewe IR =113,

3 x 1024 =K. (0.082 K-1 x 298 K)"!

~ K, =(3x102%) x (0.082 x 298)
=7.33 x 1025



IS ARTE : 8a¢

TAGTFS TH1-8.39 : Az (2) + 3B (g) = 2AB; (g); 650 K Stomal @3z 25 atm 5iTat
TR et 22% A, 9R 17% AB; 4T Rfarnfa K, @3¢ K 97 71 fifyr 33
YR : QAN WT 519 P = 25 atm

A(8) + 3Bi(g) &= 2AB;3(p)

AR : 22% 61% 17%
TS, B, = (100 - 22 — 17)% = 61%

STRTIE, Ay & SR 1, Py, =205 x 25 atm = 5.5 atm
AMRIA, B, aawﬁas i, PB2 =1—601—0 X 25 atm = 15.25 atm

SAIRFEA, AB; <@ SIS 519, Pyp, =% X 25 atm = 4.25 atm

(Pas,)” (4.25 atm/1 atm)? (4.25)2
- PA2X(PBZ) = (5.5 atm/1 atm) x (15.25 atm/1 atm)? ~ 5.5 x (15.25)% — 9.25 x 104

R S =i, Kp =K. RT)A0 ........ @)
aq, Kp =9.25x 104, T=650K, An=2-(1+3)=-2, R=

0.082 L.atm mol-K-!
L.atm mol-T

K, =K. (RT)2
- Ko =K, RT)? = 9.25 x 104 x (0.082 K- x 650 K)2
. K, =2.6278
. Kp =925 x 104 @R K, = 2.6278
taw K, 8 K 7l &rers s ammey ¢wed 1 atm 6 1M @3 iR ©ist 91 fate 2@

FAGTFS T1-8.34 1 AR Stemmar 1L @36 <itwg 0.326 mol N, @3¢ 0.439 mol H, &
T8 T AR e b Ge el shewt T 0.657 mol. RfFwR K, fifa w9

TR : T 2R, REFnBa x mol N, @38 3x mol H, =it s et 3w s 2x mol
“{fgse NH; Beoigy 23 |

efEe Rferms : N2 (®) + 3H;(g += 2NH;(g)
fiF M AR ;. 3.326 0.439 0

LIS TR (4] . —X - 3x 2x
AR QPR : (0.326 - x) (0.439 - 3x) 2x

SPEITS STTIRE e B Caet eyt 5

= (0.326 - x) + (0.439 - 3x) + 2x = 0.657 mal,
A, 0.765 — 2x = 0.657
A, 0.765 — 0.657 = 2x 3, 2x = 0.108
3, x = 0.054
oA FATREE N, < IR = (0.326 — 0.054) = 0.272 mol



279,
- FATREE N, 43 999 @], [No] ' == 033 )

T4 H, 98 GUERIRAT = (0.439 — 0.054 x 3) = 0.275 mol;
H, 9a T7@l, [Hy] = 0.275 (M)

NH; @3 e A1 = 2 x 0.054 = 0.108 mol

NH; €3 9l [NH;) :—(E%dm—oi = 0.108 (M)

. [NHsR (0.108M/1M )2 (01082
Ke = IN,]TL,? = (0.272M/TM) % (0.275M/TM)? = 0.272 x (0.275.

LIRS 1M i et 9@ fre 209, K, ¢ K, 93 47 |




IPTES offfaeq 844

TAITFS A8,y : AR ARE (AT WA S, FeO (s) 6
ST 8 CO, T By 77 | FeO (s) + CO (g) == Fe (s) + CO, (g)
1000 K wreramarsy siexfbe e, smness K, = 0.259 70 1 ffimn o Sen 7o e
¥ BI%f Pog =1.0 atm @9 Pco, = 0.5 atm = | AT CO @ CO, @7 ST 5791 oo 957 |
I ¢ 37 41et : FTWORS AT : FeO () + CO (g) = Fe (s) + CO, (g)
T 4t W IR R o) CO IneTa =i 519 99 x atm,
FeO (s) + CO(g) = Fe (s) + CO,(g)

CO 17 ey e

A4S 5191 (atm) : 10 0.5
*f9e (atm) : - X + X

STITER 519 (atm) (1-x) . (0.5 +x)

OF 419 : IFAFA FAFA WA 00 AT

0.5+ .
Kp=0.259 = Peo/Pey = 15— : [¥97 T FeO, Fe it o1 217 w1za)

al, 0.259 - 0.259x = 0.5 + x;
qAx =-0.241/1.259 = - 0.191 :
89 qi*t ; X G W AYRZE B @7 FE IR A13;

Peo = (1.0~ x) = 1.0 - (= 0.191) = 1.191 atm -
Peoy = (0.5 + x) = 0.5 + (= 0.191) = 0.309 atm




8y : | TIN-2L "

@ 419t ; T IS ANFA THSTA IR I IGIR;

Kp = 0.259 = Peo,/Peo = 0.309/1.191 = 0.259

X G7 AATF T (AT @A W Bestw Rfewes HfR9s Tw MR e 30 | @9 IE e afire
ffeF e Q, = 0.50/1.0 = 0.50; «fb AL K, (0.259) (F I9 1 397 Qp> K, W, o fafer
TS (ArF AN e e ARy = e I |

SR TP

8.50.5 < SwfAE wdwe ; “Nf{a STt SEAd

Ionic Product of Water : Auto ionization of Water
T @EEn] 6 (@UORAR (Kohlrausch @ Heydweiller, 1894) f®
AR (7, S o A oS AmFy R wifiwzs o, wide sz 71 wfe fRrey «mid |
qre e T AR R wq freg of FEeman we 2 {7 G IS SR TN
QRGN S (H,0) @ ZRGRH S (OH-) Berly 3 | 403 SAifa SCBI-SIaIae 0 | & CFid
S o =Y &R A 25 wiet @ WoR A oY FRF A @5 Aot I | @,
H-O: + B—0: = [ H—{— H]+ + :0H-
| Remer | Wy °
H H H
wEF Ll QEwGATm EH TRERE TR

. #{IfRe SEB-sEAed ;. 2H,0 == H3;0+ + OH-

S 9@ WS, Ky = [H3O[;]I;(<)§20 L Ky & “ifa 7-Ramem 3t Sil-wimAiesd £39

m.mﬂwmmﬁmﬁuﬁaﬁwmawvnﬁawmﬁmqﬁmmmwm
TR <@l [H,0)] 99 T 3T - )
wo«d Ky x [H;012 = [H;0%] x [OH]; €I Ky X [H,012= Ky, (%) €1 = |
- K, = [H30*] x [OH-] ' |
K@ AR e @
Affam U1 SRRl 31 R oA AT A | e T tafEiey SRR WATS =i ) e
* (3) gewe FIAYR ¢ oA Tow Rfmn @ 501 | @rF@ H,0 9, HyO+ W 8 OH™
TAPTCER MY WGARTE Fresifors e Fag bare AT |

* () RETS AR SRZH I ST S SER AF | O S FH FeF Hy0 T SHfTe T
H;0* S @ OH- SR Besig 3¢ |

Afqifget fda =@




AR ARAET " 895
25°C Siofiar Rew +Nfia Rearens Beoy H,0+ S s Ridy «R %@ mgw fAdy 3@
10X 107 M el (TR | (R Hy0 97 WA TS H;0* ORF 8 OH-~ WA Beoly x1; o}
fae% “ifars OH- T watae 25°C Sewams 1.0 x 1077 M TR |
<. [H30%] = [OH-] = 1.0 X 107 M (at 25°C)
. 25°C @ “AIfa SAfF® 04, K, = [H;0*] x [OH-] = (1.0 x 10-7)(1.0 x 10—&( > (L\/L?%/
g Y \j

= 1.0 x 10-14 (q33fR)
TR 25°C R =1fa ciris S T 55.5 MR [ Qag, —— o0 gL __
NYVT 18.016 g mol

SRR [H30+] 97 T ¢ Reg =1fAg crems wvmam 1 s Ranfere ¢ wicfre «i1f wqg sgere
"X 1.0 X 107 M/55.5 M = 1.8 x 10-%; 5ide (1.0/1.8) x 10° 8 =nfi &z ey <= wmfe |
wdie 5555 7% iR wow T 15 <1 Wi Reanfers 2 1 wag At | @1k R ¢ SR A
SR SFATS AT 1: 5555 x 105

@) faa wfARE e (K,,)-93 Cafiey ;

(®) nfAw wfAe eawm, K, % A et

Ky, = [H30*] x [OH]; @ 7346 g o1 qae @eaiest & 51t @aw foeers, sy 3t =il
HIOR &) 2T T | ToAk @ fd AR v Rew #1f} 3t @Rt wfim g oved Hy0+ @ OH-
I R TR I8 HEA] P73 G 97 T @ S K, 9 70 T |

() N1 TART oFTR (K,,) € WIFNAR eery ; S AEICF ot K, 97 T @
SR e g3k SIiER AfREE K, @@ Ws 1 =0 1 Af Wb wirdead 1 7-smmAead
2fferS 2 @ SR affew

2H,0 (J) + ®1% &= H;0* (aq) + OH- (aq)

OR SIS HyO+ 8 OH- ST Xl @4 K, f T 3 o1 1 K, <& 717 I corcene
FM1 H+ ¢ OH- R (IR A1l FH AF; T MY @ I St e zw | RfYy Sroram K,
R 17 R ot =g .

St (°C) 10°C \)0{5°C 30°C 50°C \Vlomc
Ky RN 0.292 x 10-14| 1.0x 10-14 [ 1.4465 x 10-14 [ 5.474 x 10-14 | 8.7 x 10-14
(9) N T-SRNFRY $7F (Ky) @ TREE 0rwmma (K,) T ;
2H,0 (I) &= H30* (aq) + OH- (aq)
[H;O0*] X [OH-] . K,

Ka=""TH01Z = [HOp+ ~ Kw=Kax [H0F
TSR MR T-THNFY 47T (K) © T 0ol%e @ 7H | : ! %
_ 1000 g _
m)ém 1Lﬁwvnﬁt@Hzommvrmﬂn—18016ng lgcm

o Row ANfxa @R T, [H,0] = 55.5 mol L-!
-~ K, de(555)2atﬂﬁw¢ﬂt‘ﬂﬁawmﬁﬁ‘uﬁWewﬁaswmmmWW

- gV



8vo TAAA-LLY 2

(8) RO% =i H,0+ ¢ OH-SRTTa oo <t : o 1w 7-sreiesd il vt

2H.,0 () = ‘H;0 (aq) + OH- (ag) :

q FRNFA (AT R T, {ow 1R (H,0) wered 78 SRfreend ey H;0* e OH- WHe™
TR O IR T A | Wi f{ow #ifee, [H;04] = [OH)

spedie K, = [H;0*] x [OH] = [H30%)? = [OH")?

-, faew A rs, [H;0+) = [OH-] =VK,,

(i) 25°C S K., = 10-14 | @3 25°C Siefiam fow 1w, [H;0+] = [OH-] = V10-14
=10"M | udie 3 I RS Rrew =ifATe, 1 arer H;0* 8 1 G OH- WIRe J87 | '

(ii) 100°C SR K, = 8.7 x 10-14 | 531 100°C Steriar Rew AfAre [H;0+] = [OH]
=8.7 x 1014 = 2.95 x10-7 (molL-1) | RG Rw& AfTS H+ 8 OH~ SINCH GETe Ty KWl
SN AE; SR @ B ST [ow 1 e a1 f{eers @)

(¥) 1 SBt-wrE § afre-cr Gty T

TN gatt H,0+ WA ¢ OH- ST NI Sl ¥ : Sl ot &Py o 3l
G- I TE-FHS TAT FI

(3) F-HrerrTER A SEpE 78 BfYe fRrawy o f&fie «Afv SmiEe ATRER @ I SR
I AR TR AT TIFH AR z; g Tt @ e 1 R nface wm affe (@
HCl) Q1% T H30+ R It 3 A, ¥0 OH- SRR Wariall ZF1 AT | WoRfATs o w13
(T NaOH) (q1% F30% OHSIea ¥awiat i oW T H;0* SRR T it = | anfate H,0*
WRW 3 OH-WHA Mt 3wt afdrsta H,0 Beoy =W, 1 K, 9 TH 2 4itE | e [H;,07)
AR T Reifesrm [OH) «ffafde

Higher [H;0+] = Lower [OH-] 43¢ Higher [OH-] = Lower [H;0*]

(R) 3 WET §NA OH- SN T I AIF | SRR F FIA 70T H30+ WA Iiat ¥
QT | 9 T FAT TR &I SR ISR A | Al WO AEAFA @ AR SR AREE SoAES
[H;0+] =i & [OH-] *Remeid oo ofs 3 SR g’ ¢ #idw g’ A@iEe 31 A | T,

> wing,  [H;0%] > VK, > [OH] s
.\VQC\\?UN X FRTrF &, [H30*] = VK, = [OH] E
g, [H;0%] < VK, < [OH]
wAm g3t H;O+ 9w ¢ OH- WAy

R T e ; «2fd RS o K, @7 T R @3e @ Srema s 830 H30+ SRH 8

OH- WG 4 (I 3B (TR I WA Gl Aee] SoRBa e g =i fAeee Awad
(A [RAFA N ;

x 1077

.

[=]

Ko K
[H;0*] == ropy [OH) = [i,67
G 25°C SIAaa (I ST § AR [H;0+] 9edl [OH™] @7 @ et @b sHfmnet e
A, S K, 9% M (A3 R0 T @3 39 T | @,
@&P, [H;0*]x [OH] =K, =1.0x 1014

1.0 x 1014 . 1x1014
s [HyOt] = —[oH] ; 4R [OH] = _—[H3O+]



AT Ao 8bd

AATFS TT-8.35 : K, @7 T (AF 73t H30+ @ OH- S oAt :

T AT TN H40+ TR Tl 2.5 x 103 M R | qT® OH~ AR TNl ¥ Ay
mReif w8, fAers 1 N Q@ A G 9

wwel : [H;0*] &9 A, [OH-] = K,,/[H30%] 7 (A& (79 1 AMS |

=14
T < [OH-] = [ 57 = 552 107 = 40 X 1072 M

@RY [Hy0*] > [OH-], 5345 && T3 1 [F199 2.5 x 1073 > 4.0 x 10712

 Peedffoe w2600 wnfae emfefer . ‘
8.8} 25’c-, mmew)mWemmmmmewﬁm@
: o [eeprReefe]
! vmﬁaOH-mmwmwxlo%Mmmmowm
7 AR w8, ﬁmwwmaamﬁmww. i
L [8: [H301] = 2.0 X102 M]; &mﬁmmﬂ
55 x10-14 aﬁmwm 50°C wisrar H;0+ 8 OH~
: e [®: 2.345 x 107 M]
8 wﬁquOH—mmwmleo-SMmamq
mowmmwr ; : [8: 5x 10-10M]
TT-8.8¢(F) 50°cmmm vnﬁawmﬁas awmm25°cw=;m WS $IPCE W
W@ﬁlmy” 'Wmﬁﬂmmmmﬁamﬂmwwmmr [G1. Q1. 2035)
wwmqﬁmxwaamqﬁmm Tt #Nfe e 9 o1

vrmqmﬁéﬁvnﬁaomwmwmaﬁmmmr 7 3T R AT 1
L o RewAn Al

mmwwn

8.50.3 | & @ HRATFA RTAGH NQR AL TANGR TF | SHSACTA FIFAY 7@
Relation between Degree of Dissociation & Conce tion of/Acid & Base :
Ostwald's Dillution Law

g wE 8 OIF FINS A JA AR Ff SwfAe =W | Serfes, Y 91 74 9E ¢ Figd A
TSN SAfTS T | T TRAS @ F-SAfTS NPT T GF 6 AR Rerw 7 | @I ww Q@
FEd S GRTE TR 26T s Rres Al «e “oaal-Rumss’ & @RI 2F |

(¥) 141 9H ¢ TRIEA RAE= @ At A : “aF FoR g Tefge @ wm (HA)
F1S (B)-93 (N TMAW (¥ o ReAfre sxgy e, OF @ &R I FRF e -vrat
e )" wdi]
ffés =8 1 FRIER EEPROR S [HA] i [B] Renfére
AAPe & 9F I FEE (NG @ MRA  [HA] A [B] 59w

(¥) 7491 9" ¢ FRET oI RS A%l A : 97 A FAEA REe-va (o) 97 9F
WS ARMINTE @ WE I FAFD oA e I | s
[HA] fefere
[HA]E%__ x 100%

[B] fRtaifers
Wwﬁm_—[m — x 100%

I 9 FHE [RE@es-val, o =

oEY ol e =——————

FARA->T (TFR)-D0(F)



8 I A

T O 6 R S SfYe R =mrda g3 g F0 welie T Qe P Rearem w3 om
T FAT 7 fbe vy e wrfve 21 A1, shvy R Ko serenrs 17 sfes R @y
AR 0@ TR ST S @ AT T {ae Nafefee qat Aiiwad efevt e,
SGHITA TS I A /i |

(1) ST SHITER LA 7@ : Y FA T ©fe Reg @ 9 98 @ FHea Res-9ia) & oF 6
B FAOR (TR G e Tiefes | b7 seiems aAge 7@ i 2ffos |

(%) gAY @R A e : T IR, HA 93 37 o | @7 G0 G GIes I C e
< RrEm Wl o 1 S99 1 @ HA Refers 203 oo G H &AW 8 o (V1 A~ S ol T 1 3 C
e HA ROt T oC @ Ht @32 oC G A~ SR 8o 09 | ST g9 (I-o)C Gist HA
o SR g AR | S,

HA (ag) &= H*(ag) + A" (aq) MCQ-4.18 : 25°C @ fqe%m
IRER: (1 - o)C aC aC Aifva Sl wowe Fo7
Q47 w7 T v wee, HA s Rees $93 2, (o e 2050
_[HYx[A] _oCxaC a2C (®) 101455 (9) 1072
a= [HA] ~(-o)C (-0 (M 107 () 1014

7 O @ RAARS e (CH3;COOH) @ (REM o <R W 43R F (3R &) ¢, 99 FTCF
1(4F) 3 TATR AU 3 TARTE ANV (1- o) & 1 €7 W | O,

K 1
A, K, = 02C; ?I,oc:'\’—"‘:\lK,.—
¢ C R[e

RIS, 436 T4A FeS @ NH, 52t fiaiza smfim (CH;NH,) 9/ @@/ o, 93 W9 332 39
T | O me=a2Cu‘lﬁ°§a=\JKb.L.‘Pn\'iﬂT‘ﬂmlmﬁ (X°<1_

\C l \/El
ToAfRTE TR A Y7 TH 6 TR R Wl @ G @R I T efefye = ) of
SAGATGS LI A Al ewet |
\\ A ATAIETST : (3) 7 E, T TS ¢ Y7 BfYe RUawy AW GIR @@ SN TEFH A
S | G TR AN @ H A Rearem Jway IYrs A |
Wﬁumﬁwemwmﬁwzﬂﬁmﬁ@ml@@we@@w et o
7t wjefae Reaifere 20 | o oma eRia TR A0S N I ALFA Fa ST T A |

8.50.9 X I aftrex Rare= @

Acid Dissociation Constant, K,

FACTC-FNTRE ToAW TP, (T (@A 7491 WHE AfAre Jargs Fac7 fwae Renfers <1 oy
T |

HA + H,0 = H;0* + A"

R FES
- AR, K, =% ; [aT®t [H,0] &9 QTS 1]
+ A~
- Ke x [1,0) = PREXAT]

TAAF-3T (ZTFTA)-54()



AR SHfaTe , 80

H;O+ -
Ka=%; QA K, = K¢ x [H,0]

EﬂﬁWWKa@wﬁWWW|§meawmlmms.v, K]
oAk &fS 51T wiw At Boifye @i womw i RO (@ S Reaifers sy A,
E @ A e 39, K, 390 T | 9N OfeR Resssmed o197 791 29 |

oNfTe WH 8 I ofee Rrew midaee e Row 27 | 799 ofdr {ivey e gaed osly SRfe
2q; fog mde ofve Reew afm G s e 71 | S@efend H3e WR S dm Ao
wafe T THifes TR SR (H;0) @ s +ffds g9 | @@,
HA (g or I) + H,0 (I) > H30* (aq) + A~ (aq)
O WTHA (@A, ST JAe (@I SRwiErs Wy 3 g Wy (HA) A1tE 11 |
w4 [H30%] = [HA] (@1¥f%); 5@ F9R, [HAJeq = 0 (87 1) TH |

g - [HOTx[AT] . 5

"Ka_[HA]x[HZO]’MK3>>1’ @ ¥9& HCl «forea K, = 2.5 x 107 24 |

T WA @R, Y7 I YT W 99 HA A1fre SRfae 27 (97 [H,04] << [HA] T8 @R
TRER, K, << 1; @ 7387 HF @Fred K, = 6.8 x 104 =0 |

AN A OF A e ARIRER [H;0+] 3 2 7esea @ 2, ©i K, @3 T7e @ = |

HA H;0* A
3@ «ffe : HA (aq) + H,0 () — H;0%(aq) + A” (ag)

fow-8.20 : T affires R @t )

e Pt *fETa Qe K, et ol [REes Iwe 392 W | GO 1M afbte g3t [H;04]
@ % “fand €3 =W 1 @, 1.0 M Wit e g3t9 H;0* @3 (9 el = 4.2 X 103 M = |

[CH;COOH] fazaférs x 100%
[CH;COOH] &ifi=

42x103M x 100%

. S aftes % fRees =

FAMA-ON (TH)->8()



8u8 TIRA-LIT 1 @HT |5;£’

K- Steofq : (3) K-8 W 70! Qf 23 wafb wret #f&eft =8 1 HCl, HNO;, H,S0, &%f%
e onfare sifere Runfee xa; o v 81 3t M «fie I | e afted K, 93 I9
1.0 x 10! @3 QP T | qUF@ K, 93 10! &3 7533 W ¥ @AM g7; el wfiees 7ea )
[fo@-8.20 @32 3= 8.¢ ome]

() Wt CH3COOH (Wiftifb# «ffte) @ wmymm ter «ffe o Rrfers 2; o1k arvaes vé

@wrﬂlﬁhmfgﬂ”r_go,jﬂ

Lisiiarlicf e

ufiTEs Sifse et
}

HA HA H,0* A
74 a6 : HA (aq) + Hy0 () == H;0" (ag) + A” (20)
fo@-8.85 : T4 afen fRuarem |

8.50.8 WA I FIAA Reate™ 39 (K,)
Base Dissociation Constant, Ky, :
JTCTE-ANTR TR-FREA (@B TOIM SR, T4 FIRE @ SOIGEl (NH;) A & e
(2o R PR FIACPA TGRA GBS ¢ OH- ST Beoly 04 |

NH; (aq) + H,O (J) = NH; (aq) + OH (aq)
GRS (@ FI! FRS (B) “NATS 5AgS SRz 1 &g (H,0) (F G3f6 i &zl 303 FH3a
IR WE (BHY) 8 OH-WITw Besly #6 | qrwta H,0 (5= wiet 3t wasest firs 904

B (aq) + H,0 (/) = BH* (aq) + OH™ (aq)
e L

BH* H-
AN, K = L[%I&?O]] ; GUFE [H,0) 3 M3,

BH* 3
- Ky = [(BH ][;]IOH] ‘

G FGE K, (F FRCFT RTE £33 290 W 1 Ky, 93 G 939 R 1 [53 T -8 v, K]

TN efs b e et B IRl IR CI T (1 Satet ReHfne g <,
SIF @ WA RAwes 3%, K, T W MAT 17318

K93 O : K -7 T 78 @ 20 @ #RF ©© A 21 NaOH, KOH &% e gatd
mﬁmﬁﬁmﬁrsmw@m@@waﬁnNmon-mﬁmmsmw;mimmm
TR

TARR-3T (TA)->4(W)
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Dissociation Constants & Acid Base Strength

K, 93 ¢3g : 137 «fires &t wmes (ReR w9  bires Raem-e39 (K,) 99 W 8 afites
o5 91-RTETE (% o) 9= TF eI wFged | Bray 1M 9 «fTe #Aifars e sfaied et sfte
TF; PGSR AL 9@ W0 0. 1M St 0.01M 7851 e =nfare SRt @ wear «ffsm sinfie
x| fas 147 «fSre 3t wae Runem $39 K, @3 IR AfeR @3 aiier o3t R e @
Afre e WY (HA) @R (15 AR SIS Safied ST 4iRelt A1eqt I | SR K, «F 03 pK, qate
I I W1 pK,=-log K, |

(3) T afrren T $ANES BB K, (~ 10-2) 97 @7, 1M «fte 73 &1 ~ 10% HA
(af¥re) wq W =27 | @, @FEF e (HCI0,) «R 1M 8399 K, = 1.1 x 102 30 1 B39 1M
HC10, =1fite 10% Rrafere =31 |

(R) T efes Ty gFAEe W MR K, (1073 ~ 10-5) @7 @1, 1M affe gt e
~ 0.3%HA (afe) wq srfve 27 | @, wifiAbe affe (CH;COOH) @3 K, = 1.8 X 10-5 70 | ©3%
1M CH;COOH #ifats &1 0.42% wiafve 27 |

(o) 7" «ften Mg TeAgEs FENTE K, (106 ~ 10-19) @3 @R, 1M oo g2t o
~ 0.001% HA (4Fe) 5 srfye 21 1 @, Q2egrmfe  fffe (HCN) @3 K, = 6.2 x 1071023 |
©37 1M HCN #1fRts i 0.0025% Safs 2J |

* e GPeed AMIEIT K, @7 TF 081 F9 F, HA (Fe) @1 rosat [Rramem oret 39 79 |
faxer M@ K, — HA @3 % Reaier fages — gdees e

@ e : | 7 GFITeR K, @ TN @32 @ GBea @Ed T (e afrefba Raem-aa

(o) @ *1o3A-Reqem (%o) FEAA A9 I3 W | @@ o’ HCIO,, CH3COOH, HCON «fSires
“rogal-Ruareme fEest s T 2o (B o s ¥omt 3 @) |

T : 54 @GS HF (K, = 6.8 X 10-4) @R rosa1-Ruates A T wiam g3 399 3y
() 0.050 M HF (?) 0.50 M HF (%) 1.0 M HF

A : TSR AYER 3@ TS, K, = 02C; T, a_\/xa

(*) 0.050 M HF 93 @1, Raes-amat (o) = \/K '\/580}()5106 =11.66 x 10-2
-, "o RIe = Ka 100_\/380"0150_“00_1166%

() 0.50 M HF & G, Resre- i () = %:\/98—6‘510;=3.68>_<1(r2
. "S- RN = \/K xlOO-‘\/ngsm_ x 100 = 3.68% _

(ﬂ)lOMHmew fRearem-arat (o) = \/Ka \/EET(;O— =2.60 x 102

- s e L4 (Vs

- _Raem = €x100= > 5 — 100 = 2.60%



8by TARR-ZYT A

s fog s 73w, v Sed ¢ te) ey ™ £33 K, pK, (-log Kp), T 6 w3t
EIGIN
TfR- 8.¢ : frg wteR @ tory afiten Rumem 313, K,, pK,; 25°C Stefa :

«Fites T (FEFS) g A Rees Ko @@ | pK,
W™ | @A
(3) W o afre ;
»(mmm afre (HD) HI  +H,0+ H,0*+I 1.0x 1010 |- 10.00
\,/ﬁ?’&m «fis (HBr) HBr +H,0¥ H,0*+Br" _3_.211’02 - 9.50
N 2z e (HCH) HCl +H,0€ H,0*+CI” 2.5%107 | - 7.40
\J & Tt @fe (H,50,) H,SO4 + HyO# H,0* + HSO; 1.0x10% | - 3.00
¢. MW afre (HNO) HNO; +H,0® H,0*+NO; 2.4x 10! | - 138
(®) 0 weeT afie
5. ARSI e (H,S0;) H,S05+ H,0 ¥ H;0* + HSO; 1.5x10°2| 1.82
N e ofte (H;P0,) HyPO, + HyO @ H.0" + H,PO; 75%103| 2.12
°. FRurfF e (HF) HF  +H,0¥ H;0*+F . 68x107%| 3.16
\J87AREM e (HNO,) HNO, +H,0® H;0*+NO; 4.5x1074| 3.35
. i afte (H,CO5) H,CO;3 + H,0® H,0* + HCO; 7.9%x10°7| 6.10
b, T3 AFER® aF® (H,S) |H,S +H,0 H,0"+HS 1.0x10°7| 7.00
(). ¥ tog IR afire |
“ />{ Tafis «ffe (H-COOH) H-COH +H,0# H;0*+H-CO; 1.8x107*|  3.74 |v&mes afie
% s «ffe (CH;COOH) | CH3-CO;H +H,0# H;0" + CHiCO; 1.8x 1075 4.74| fo@-8.23:
s @eiAfie @i (C,HsCOOH) | C,Hs-CO,H + H,0 # H30*+CHsCO; | 1.3x10-5| 4.89| afex
& i @S (CEHCOOH) | CgHs-CO,H + HyO # Hy0* + CeHs—CO; | 6.3x 105 4.20| TR

* qfen “femam Feeime : afiter Sigw! 3 «fem e Raee eor 767 3@
*(5) ufes fRuaem £33, *(R) TREIFTed VN AR A, *(o)@@nwcgwact
TR, *(8) (PAT AR W, *(¢) GREFA &FfS | 1Prr 15-16)

(>)aﬁtmﬁmmm afires K, @3 Wi 7wt @ft 30 offrefb stet @ft =i w |
HCI, HBr, HI, HNo3esto4aEﬁammﬁwwmquﬂefmﬂ (9 99 — 100%) Rrafers
T A, QRS BT afre 1 T | qie K, T @R @) @, HCl 99 K, = 2.5 x 107. HBr &
K, =32 x 10% HI @ K, = 1 x 1010 | H,SO, «& &% famsm (H,S0, == H* + HSO,") 97 &
Ka_103mm|m\ﬂzso4m®@aﬁm

et St afife (CH;COOH)«® 0.1M TRIand J3td Wi 1.34% @32 0.01M CH;COOH
G 4.24% ifEre =w; «Fed K, = 1.8 x 10-5 | Yok ififbe abiers 39 31 9 affre 7= 2

HCI (aq) + HO () = H30*(aq) + CI' (ag) [0.1M FIT 100% SRS = |

CH3COOH (aq) + H,0 () ==2H;0*(aq) + CH;COO (aq) [0.1M TSIAIN 1.34% WS T |

() FITF AR NI : WGIPTEn wnyrfr SFet quir w9 4w S I
eod fA%a 30 | NP WA WIFH IS ¥@ T, WIF Arurew oret @t T wdfie ufres
ot STet @f T | 2T AT F- SR WP 574 (6T8 (210 | G2°R % C1~ R Wi 6w 8¢
A Br- SIRAA SIE1A WAG TG AR ¢ TR |- «F IR WS TG | BiF 1 JRGIPed Sgo &
& HI > HBr > HCI >> HF.










() CFER SRR WRE e : SrArafreeg wdie sy e e @Fqm
SN (AT &R AL Tt AP @ «ffires Sigel wret @ W | @,

+7 +6 +5 +4
HCIO, > H,SO, > HNO3; > H,S0; (e afe)

(8) CFAIN RIS HFIF : IR FITE CIEPTYIRE NAGPISTTEA FEN NI (AAE S
mﬂnmwwmaﬂamﬁmﬂa@%mm{mﬁwmqﬁmmm%@
@M 27 | @A, HNO; ¢ H3PO, ToF GBS (FRA AR TR AL AT (+5) | ST 7 *{AGE N-
IR TR 07 *ATE P-ATIIT I (50 (X1 0 P-FGR Lo N I b1ef 77g @ Bfee

AoirFet @f | T T WWWWH}?% >H3*1->504 | mWﬁH§02>H3}303 |

(IS AFIEFEIR GBS (H,SO,) 8 GIER qfie (H,Se0,) @3 @@, Tord (FdE 49T
TR T + 4; Fog on TIPS S ATNYF PR 8¢ ATER Se AAT WA (BT (S WA H,S0;
«fFres Sigel @ =1 |

+4 L MCQ-4.19 : Foa @ @fefe s @
H; S 03 > H25603 5 iy 5 3
+7 +7 +7 ‘?E T g
Gered, HC104 > HBrO4>HI Oy (%) H,Se05 () HySO,4 (*) HCIO, (¥) HIO,

* vde Gfresmred Wi WeEifes @ffte (HIO;) @3 K, =1.7 x 10-1, CH;COOH 3
K, = 1.8 105 | H,S @7 &4 K, =9.1 x 10-8 | @ 33 T X(© QA =I&-A1ar qI=elt e T |

(@) @ET *RGF SfYe TS : oF FoIge CorTTen AP @@ FHW =GR
(Y TR LA T AT Z0A O (@ GFed (R R ofee ddrgeer M @ W &
T SFete @ T a3 I ofve YwE G «be Sfke vie =1 | S qrwta S
TS Y& WA RIGR ! @ A GIwTE @fires S Tt 3, St s [Fght eer

;BT Bfoe ANITeR &R @ PR M| @, H3+B303, H3i>303, H+c3lo2 q feafs
S aBTed (@R “9Ng B, P 8 Cl @3 TR AN Al 43 3R e SfEe AR T R0 I
2.0,2.163.01 o2 « fof5 afires Sgeis @ T H3BO; < H3PO; < HCIO, | «@ &b afires
Rarem $3% K, 93 W7 SHare Sige $ue TNdT F1; @ H;BO; @9 K, (5.8 % 10710) < H3PO;,
@3 K, (1.0 x 10-2) < HCIO, @ K, (1.1 X 10-2) |

(b) TRTEa el ; T (BB 2R IR TS WG @ F 0O {A9S «fired s
31%91'1'{1|mmmaﬁ@(cmcoomaﬁlﬁﬁaﬁ@|ﬁ§'mﬁmmqaﬁa¢ﬁ®3
TS | SRS HREE @R @7 fRofre T | adie JRER FREG @ A TS GAYS FE
%@mmmlwwmemmlwmwwmawﬁwm@@m

AR |

* B fewian Fsaieret : Faed Sge! A el R oft R ev féa w0

( 1 TFIRT @ YIGHRTA ATS FaaqTel, *&) FiRea R £ (Kyp),
(0) QTR ResTet 2GS AW =] | :

T T FINT (97 THITT ¢ ITGHIRTCE A FREF IA 4R I JIA 419 THRITC '@
ZIGHRTE G FIES 0 |

3 | R FRE : TARZT (02) ¢ JIGHRT (OH-) TIRFEE “Aifrs 73qw @ T FRS | @
W@Zﬂﬂf@ﬂmmﬂ%ﬂ)mlm, taa ¥ iy -

(i) M,O, MOH GtI31E, aU%@ M =F4-IA(1) 41, Li, Na, K, Rb, Cs.

(i) MO, M(OH), IR, U@ M = &F4-2A(2) 419, Ca, Sr, Ba;

@R FIRE Ky 92 T @ |




8vbr TG AG

{1 FREET ROes $79 (K)) : K,-93 7 ret @ @ wee orer «fe i@t = 1 NaOH,
KOH ergfe 1 St gt 41 srjefeet Reafers aiees; s <t OF #1 | «ond K @7 T 42
QP g eI pKy,-97 W17 $9 2 | @F NH,OH @ K}, = 1.90 X 105 T, pKp, = 4.72 1

78 w1F : o™ TR T IE NH; ¢ afsgifre synfm @ermz @ smfwenz gd@
RS W | G Ky 93 T F9 W | NH,OH Ay wxwi@is g3cd 33 39 s faeafers =g, qoan
NH,OH «%f5 37 1 &1 #1373 | @,

NaOH (a9 —— Nat(aq) + OH-(aq) [@I 100% SRS Z7)
NH,OH (ag) = NH,*(aq) + OH—(aq) [Fd 5% SRS 27 I]

* NH,OH, NH,0H (25f¥= =mfim), NH,-NH, (JRgf&w) aig K, @3 9 IUe
1.79x 1075, 1.07 x 10-8, @R 1.7 x 106 | W@t fNds snifss (CH,NH,) @3 K = 3.7 x 104,
RWARS S, (CH;),NH @3 Ky = 5.4 x 10 28 | 9 79 I O G077 =fEIaR Q196 16 T¥ |

8.5%.5 AR WH 8 FIAFA K, 8 Ky, 97 N4 7™4F

Relation between Ka and Kp of a Conjugate Acid-Base

@ @A GBre (HA) @3 K, 932 @ JFed 53R T8 (A-) <3 K, Toma Ty 99f6 S@ein
TE WNR | 99 qFTE (HA) 8 7 SRl w1 (A-) Serm Rearem @iead 1'61 @ @ @9 39 ;

HA + H,0 = H;0* + A-
A- + HbLO = HA '+ OH-
@@, 2H,0 = H;0* + OH-
G B TN @, @ bt Rearem RfeFam wenes v weht S ast (auto-ionization) | ToRR

afe (HA) <3 @3 SaF1 TS (A-) Tomm #iifite [{feFmm K, ¢ Ky, @7 oo%e (A fFEsme 7% snea
™.

[H30*] x [A7] [HA] x OH-]

K. xKp = [HA] X [A7] = [H;0* ] x [OH"]=K,,
o KaxKp =K,
Terfirss el asifawy fem o1, O : T T 90 I @R
- log K, —log Ky, = - log Ky, =~ log (1.0 x 10-1%) | H;0* € OH- SR AF | :
N, pKa + pKp = 14; . pKy = 14 - pK, * fqum offtes H;0+ @ OH-
@, HF 4ffited K, = 6.8 x 10~ (2) | @ (= HF @7 | WHCETE AT A [l ’WT‘*
TR FRE F- @3 Ky, 97 T 78 7o @@ F W | AN ,
(HF-97 K,) x (F- @ K,) = K,, * . SE 73Tt HyOF SRR et At
Ky 1.0 x 10-14 ) " © Il @ @3z OH- wmm
TR i aK, - 68x107% =17 x 10 | TR
% 37 HF <f7e K, = 6.8 x 10~ (&) ¢ m“'a'“mq OH; T o
f%g HF 93 Wa® ®RS (F ) 99 Ky = 1.5 x 10-11 mm H,0" &% X3 =
. B K, 8 Ky, @7 W (AF T W @, affie It i _
AW T, 97 SRR WS @ afren ow erel w¥m g 1| ¢ Kw = [H;0%] x [OHT] ¥te
e, 'H;0" ¢ OH WG & (RIAba.
Bowa K, x Kpp = Ky = 1 x 1014 79 5% 4@ | T FANS Y 00 A AL




e AR Sord
T ST : ReEeA-wat (o), Kg, Ky, pKa, pKp f6f% 19t

TAYFFS 718,90 : 0.02 M H-COOH % *1oF41 Foort Rrifere 2R, ot o F9)
(Ka = 1.8 x 107%).

. 2
TS : AN S, AL, Ka=%%.ﬁ6@§ﬁmm(l—a)=l

,K 1.8 x 1001\ 1 , 7 @A, K, = 1.8 x 104
~K,=02C o= E"-: (———0_02 2=04868 x 102 WL, C = 0.02 M

-, Pt wrewa Ruafrs =@ = 9.4868 x 102 x 100 = 9.4868%

m:ﬁmﬁa-m(a)mqﬁmmqmm@aaw;miaﬁmawﬁammxa
(A GFFRE; ©I2 FIER TN C A @R T FRAARR, By IS AR |

TRAFS TTT-8.05 : 25°C SIRIGN J7 4F-WRAW SH (HA) 7 RO a0 T
1.6 X 104 T & SroaE 0.1 M HA @7 &y g3t @ W Roarem-vrat (o) F7

K qﬂ“cis
WW:W%W-W((X)='\’€ K, =16x 10~

! C=01M
- RS- (o) = \/ 1'6—(’;.11—0— = 0.04
-, Wogd RTareE-Ta = 0.04 x 100 = 4%

ANMYFFS FAT1-8.0% ! 25°C steam 0.1 M CH;COOH 4fe 1.34% Sfae 7w\
afrefbr Rae 39 (Kj) 97

02C
T ;7 <Fies REmem 99, Ko = (7= o
a g, 2 (1:34x 1022 x0.1 erace, ¥, C = 0.1 M
» Ba =1 -1.34%x1072) 1.34

=222 134 -2
. K,=18199 x 105 _ fcater “Afe, =g = 1.34 < 10

FAYAFS TE1-8.09 | 0.01 M CH;COOH «fires iy gaet & ofren e Roarem
4.2% T @ qfre gt Y@ W (H;0+) 97 QIR gq 3l 97
FMY : CH;COOH T 7 ¢3-F1a7 afife | 39 «GfTea @@ [H30%] = oC | @ o =
«fres REes-wal @2 C et e g | :
epeTe RTAres-dl = 4.2% MCQ-4.20 : ftoa (PG St
h = Tes =42 X 107 6% C = 001 M Oy ey (WS & 2030
- 0.01 M CH;COOH %t [H;0%] = oC (¥)HNOs - (%) H5PO,
=42 x 10-2x 0.01 (N HCIO4 (%) HySO4
=42x%x104M
TAYFS F1-8.08 @ 30°C SI@M 1.5 x 102 M NH,OH &3t NH,0H 93 o+
fTare 3.5% T NH,OH a7 Rares g3 7 fadfa 73
Y : NH,OH It (IR g, C = 1.5 x 102 M

NH,OH @7 Rerem-a1@t, o = %% = 0.035

7t NH,OH 3 fae syiagl :  NH,OH (aq) &= NH,* (aq) + OH~(aq)
ARPRER T ;. C(1 — o) Co. Ca.
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- AR NH4OH @3 s7@, [NH,OH] = C(1 -0)) = 1.5 x 10-2x (1 - 0.035)
= 1.4475 x 102 M

AR NH,* SRR 9@, [NHy*] = Co, = 1.5 X 102 x 0.035 = 5.25 x 104 M

ARRER OH- SITAF e, [OH-] = Cor = 1.5 x 102 x 0.035 = 5.25 x 104 M

NH,*] x [OH-
NH,4OH @7 RTarem §39, Ky, = [ [1\‘111;405{] :

5.25 x 10-4] x [5.25 x 10-4]
-! [1.447]5 x[ 10-7] =1.90414 x 10-3

[ T K}, 9 TRNFA Qo1 SAMITTR WHrans 1M f ot 3@ G )
. NH4OH 4«7 Rearew $39, Ky, = 1.90414 x 10-5

TMYTFS T1-8.0¢ | 1.0 M =Fifbs afwes ot g3+ H+ Sae w93t 4.25 x 103 M |
& offre gt st aﬁzmwﬁmw,ﬁmmm (Ky) 9% K, 9% N7 Atat 37|

+ =
T4 : CH3COOH (aq) &= H (aq) + CH;3COO (aq) MCQ-4.21 : ftsq D
. o o e o TS G A X 100 deTen ey [3, Q1. 2034l
R CNB (e AL (¥) HMnO; (%) H,SO4
-3
=B 11(,)0 X190 _ 0425 () HCIO4 . (%) HNO3

<. 0.425% wfifs «fre wfy gt RiEe <8 1 rwm Ruem T, o = (0.425 = 100) =
0.00425 =7 1 ©1% 1.0 M 53t sifA3 «fSites e o9 2@ -

k- HIx [CH;007] QU [HY] = 4.25 x 103 M
2= [CH,COOH] ’
425 %103 % 4.25%x 103 [CH3CO01=425x 103M
A, K, =
(1-a)
1.806 x 105 1.806 x 10-5 _ [CH;COOH] = 1.0 M
9, Ka=110-0.00425) = 0.99575 = 1.814 x 10
T I, K, = - logK, (1 - o) = (1.0 — 0.00425) M

q, K, =—log (1.814 x 10-%) = 4.74

FGFS T1-8.00 : HF €436 7 &7, @71 K, = 6.8 X 10~4; 93 TN F17F F- 97 K,
pKp I F9 | @ T N (AT TH 8 TIIR FIAFA 7 7WE I 39

A - HF + H,0 & H;0*++ F MCQ-4.22 : A3 @ w@-
F- + H0 & HF + OH- BEE P [{QLR04]
@ W, 2H,0 = H;0* + OH- (¥) HCI, NaOH (%) 0,, H,0
BT 2w 96 AT 709, K, 8 Ky, (A0 K, (@4 I Ut e
H;0%] x [F-] [HF] x [OH- ‘
K, x Ky = | 3[H]F][ Il ][F_[] ];[Hzo]?ﬁmml

. Ka x Ky = [H30%] x [OH-] = K,
KaXKb=Kw
_ Ky 10x10°14 .




TR oA 85)

HF €3 K, <% W¥ 6.8 x 10~ &3¢ HF 43 Wqa& F9 F-oRea K, @@ 709 1.5 x 1071 | Ty
T (A7 @RI A @, HE @9 Sl TR K, 97 W 43R R | wdie om qwel Oy 704 afta s
F9s ©re] 149 T | WA HF &9 K, = - logK, = - log 6.8 x 104 =3.17

@3¢ F- @3 K;, = — logKp = - log 1.5 x 10-'! = 10.82

Toak K, @ Ky, 47 TS TH (0F TR0 T @, 7@ afes K, 97 TN (AT @ afreq vde
TR TREE K, 9 T @ 2

firm1?f faoe 2-8.53 1 Ka, Kpy pKa, prvmi’fn s
IAR-8.8% (F) : HF 94 afire; g HCl ™ aﬁwm—ww| [@1. @1 203¢]
TET-8.88 (X) mtﬁmwnﬁmxb=65xlo-5m§ﬁmﬁmwmﬁmw

(CH3);NH* @ K, 99 99 (R 4.1 A : o 08 1.5 x 10:19)
880 WE HCN aﬁm 5m‘ 9 s 10-,19- mﬁm uqan?r W@ CN- TR Ky oF
I @I : : i ) [®: 2 x 10-5]
HOT-8.88 (%) : ﬁfﬁx@—'{ (CSHSN)WM'ENW' pr _ 874 70 @@ PRRERR W
(CsH.NHY) @ pK, 392 [®: 5.26]
T-8.80 (8) : TP aﬁw (HCOOH) E | pKa =3.74 m @3 FAA6 R (HCOO-) 9F
pKy, ¥97 [®: 10.26]

TIT-8.8Y () : 25°CWWNH3WWW4WWWNH3,NH4@ OH- 93
wwam%xlo-w 40x10—4M€40x10'4M|tﬂ3@T9mmNH3eﬁﬁmWW
W fAfa 2 ~ R [®: Ky, = 1.67 x 103]

FN1-8.8Y (R) 25°C@W01Mmﬁmaﬁmwm34%aﬁsﬁmﬁrwamﬁa
EleiEnien e RNCRI LD e MR : [®: K, =1.82x 10-5]

HT1-8.8% (&) : 25°cmﬁmﬁmmaﬁ@mmﬁmwwwmexlo%@
Sty 0. 1M HA < St avet ifrefba Raery st 1 <At (o) ¥ 2ar [®: 0.04]

T-8.84 () : mﬁmwmmmmqwﬁw& HB ¢ HC @ RS $309 1 I
40%105,52% 104922 8.6 x 10-3|af%ﬁaﬁmw§ﬁaw CIfeTTa St N 30 afreetEs

ST T PR AGNG R @ IRA I ~ [®: HA <HB < HC]

8.95.% THA FRIG € WAHA WG
Basicity of an Acid & Acidity of a Base

R 1 9T FREY ; G @ (I SR TR TS (N GF-SE FE N MALOS FS (@7
NaOH, KOH Ze71f#) % emifile 21, F10aa @ (I FRATE @ WH A1 af¥ired wiaeg @ | @,
(i) @& = HCI <T@ 7Rt @& (E NaOH i @ifite 21 | ©1% HCl «” #19g 0 1.0 |
HCl (aq) + NaOH (aqq ——> NaCl(aq) + HO (O




Vs~ O DTS

YOl +RJa0H —> Nellt (20
T 2R

H250y =3
Ho POy =
Ho PO =
Ho PO2. =
O = (

(0> = L
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(ii) SRR, HySO, @R TP T 2, HaPO, R 173 T 3 1 g HAPO; 97 WIeg 0@
Cz_}asmmpowmqmnmo-ﬂmﬂq@m T (*F H+ A TS s 21 )
‘ H,SO, (aq) + 2NaOH (ag) ——> Na,S0,(aq) + 2H,0 ()
H3PO4(aq) + 3NaOH (aq) —— NasPO,(aq) + 3H,0 ()
H3PO3(ag) + 2NaOH (aq) ——> Na,HPO;(ag) + 2H,0 ()
(iii) 9FTTER TSt SR THCA FRFG R | @I CO, 97 FIFFG T 2 932 P05 97 FHFG
T 6 | [Aeew i NaOH @& crrer 7ee et |
CO, (g) + 2NaOH (ag) —— Na,CO;(aq) + H,0 ()
P,Os(s) - + 6NaOH (aq) —— 2NaPO4(aq) + 3H,0 ())
TRFA TER : 9T G (I HFEE QA W] (N G3-FRIR &7 A WA e (@w= HCl)
o epfirs 27, wE T SPTTT @ A FANE Q@ FRIA THG 07 | (T,
(i) 9% G NaOH @11 &% (e HCl e 9 epifie g I'®R NaOH & &g T 1.0 |
(ii) SITHASNI CaO 3 WHY I 2, AI(OH); 93 &g X1l 3 @R ALO3 R E A6 s
e HCI @3 Gt A cansit |

NaOH (aq) + HCI (aq) —=> NaCl (aq) + H,0 ()
CaO (s) + 2HCI (aq) —=> CaCl, (aq) + 2H,0 () - \ \
Al(OH); (s) + 3HCI (aq) — AlCl (aq) + 3H,0 ()
ALO3;(s) + 6HCl(aq) —= 2AICL(ag) + 3H,0()
8.9 HITYT pH, pH CFA %QV

PH of a Solution, pH Scale

AR, - ¢ et R [y avmie s o « HiEm 99 539 @99 ©RwER
(10-'molL-1) 3¢ 8 @3 BT I TR HIVS IIZe W | WRR {7 wafie eqam,
K, @9 1 x 1014 1 701 g 10 @3 ¥M9® 91 RO H+ 8 OH~ WA (IR Tiam <&l
eI 1 et | ©iR 1909 BRI wfive enel-aIARY GIGAER W8 ¢ Wi w30
H* 9 ¢ OH- SRTAR Y91t 4S04 &) pH ¢ 19 G35 797 “&fS &3t I3 | 9 pH 8o
“Puissance of hydrogen" _WQTR power of hydrogen &M 3R |

PH @ A&t : (I HITF JQR@TE AT (H+) I RGN e (H30+) 97 s
AR WS @H-10 ANAMTF @ 019 pH I | O H SHe? I 2HIRE AHHR e
T [H30+]-(F pH @3 7¢Gal 5itS et et 3,

pH = - log [H30%}; 3, [H30%] = antilog (-p) =10°H

mmmqmowmmWWWﬁmcﬂmpHmmmmqﬁwm:mm
B pH = 5 81 STH! (¥ HIH pH = 4 BCS H;30+ WRAR AR ¥t 10 98 @ 21| @I
B3R pH = 3mmH3O+WW@—]0'3molL-l?&|MW‘RH3O+WTWW
TS IACS ATF, <& pH @7 ¥ ST ITTS AT | :




IS “ARRE

839

S OH-STEG (%@ pOH & AR e fRmaweet ol T
pOH = - log [OH7] ¥, [OH"] = 107POH

pH cw fiimd : 25°C S =i e RS wiTH,

= [H;0*] x OH] =1 x 104 @ W |
~. [H;0%] x [OH-] = 1014
Twafice log fTd <11, log[H30+] x [OH-] = log 1014
q, log[H;0*] + log [OH] = -14
41, - pH-pOH =—14; 1, pH+pOH =14 .. .. (3)
A1 FIAW FR pH = 14 — pOH = 14 — (-log [OH'])

faom Afce v #Aifva Rerem @t H;0* ¢ OH- R =W
@RY §F G AN (F @B H;Ot A 8 a5 OH- =IF+ i
w,mﬁwvﬁﬁwmmwmnw

[H;0*] = [OH}; . [H;0%] x [OH] = [F;0*)2 = 10714
A, [H;,0*]1=107; - pH=7

et e #A1f4re pH @3 W19 7 |

s &, 1M HC1 5t [H30] = 1mol H* ion L1

.. 1M HC1 g3 %@ A1, pH = -log [H30*] =-log 1
=~ log 10° =0 | (XY 1M HC1 &’ pH = 0, TSR pOH = 141

314 pH + pOH = 14
|, 1M NaOH 5394 pH = 14; pOH =01

ﬁm\

L 1014 14 4e 1.0 M NaOH
L1078 13 4

L 1072 12 4 Household
i1 ammonia (1t.9)
- 10 11

Basic

e~ Milk of
| 10710 10 magnesia(10.5)

—Baking soda

i~ Human blood
7 & Pure water

» < Milk (6.4)
- 10 6

Neutral
¥
=]

K

L 10 5 -«Black coffee
- 1074 4 J<Tomatoes

3 < Wine
- 10 3 -« Vinegar, colas

| 102 2 {€Lemon juice
le—Stomach acid

Acidic

L 10! 14

0

f5@-8.%9 : I MR |YF pH
W9 @3 pH A

mzmmmm«pn(epon)mmom14«ﬂmmn

ffeq pH A, pOHmmmwﬁmwﬁms.qs 1 XCR QAR TR | ARSI I

IMFRTR R Tt e 8 FI 539 JIE TN A

7% T, GG [H30%] @3 4R log C71 TR | [H30%] R A REWR 495 FA W |
Waﬁwmmmewqwm(lmmwmﬂwwal

WA &% 9, T Goid 530 [H301] =2.5 % 10-3 M 473 (ST TS et feet g

M4,

pH = - log (2.5 x 10-3) = (1) (log103 + log 2.5) = 3 - 0.39794) = 2.60206 T3 |
&g pH @@ 5 e o7 7% RS sdriee It Fiire T3 1 O T O pHm260|

fom-8.20-a g Hiyrae A pH I pH T (RITH TAR |



858 TARH-QLN Aa

HClIIM 3wy ke fmers 178 &g w@
- —>y «— > t—>
[H3(}){] i) w10t 10?10t w0t ot T 0t 10 10 M g g e
O v g 3 e s sishe Wit eommmons s 10y redd il
| I R A R SR SR N A L o
] | T T T ] 1 T T 1 T I T i |
pOH 14 13 12 11 10 9 8 7 [ 5 4 3 2 | 0
[oA]w™ 10" 1™ 10" 10 10 w* w7 10* w0 w0t 10?0 0 10
wF ﬁaIw L NaOH 1M
o_° - v \
a ‘:‘1 2 q D < d PG m
SN @ pH=0-2 : SIGRSE(E A HCI
e =24 il
= or | pH=4-6.99 PEEE )
pH="/ 31“'1 Bl
o pH=701—10 m PISI se) «F
AR TG W" Rt
Y 1, e e =Ty
. pH— 12-14 Ol R 5
e | ;
FRUIA pH a8 s3ge)f wey

fawm onfice &g w8 @9 HC1 7t cmt et % fETEm (e g0 H,0+ @3 < 3fd = |
TOAI & IR pH 7 7 WAH! I T | O A i TR | o few oAifire @i wea
(T NaOH g3 (171 30T '©f (@ Gaet OH-«A Al g A | S[ear saferan 5@ s H,0+ <)
TR A1 e pH @7 W] 7 (At @R 28 | 937 5398 18w 209 |

... (T BACR pH = 7 20, ©1 204 Fvaeeres el | MCQ-4:23¢ : 53 @I pH WA
mmﬁmam,mmmmjn TS H+ SRT=e Sl S0 @fe
I {0 pH > 7 A, SI @ FEARNGHLT - [ (F).9.5 (R) 74 () 2.3 (9)5.5

(%) FHR T Tl & (AT @7 pH AZPH M 432 IR TAIQZI (o1t @@ pH 1 I
A1 )

(o) e =1fiee A1 @I w@m get pH + poH = pK,,

(8) 25°C 1oy R #Hifare 1 @ Gaeel pH + pOH = pK,, = 14

PH &1 &7 : p-71 RIS Fiters 1370 & | @9, (3) JZGHITC WG (IR Iy, [OH-]
231 pH = ~ log[OH-] 141 T | ST JI09F pOH W FIA FICHR (678 @ 731 () @i 7y
EFAT (K, ) WNF p G &3 391 T | @ pK, = — logK, GTFE@ SHY ANFIEE T TSt
T pK, 97 W fo1Rwerd sret 393 | wdie wiiFen = @fies pK, @1 T gAEreE FW
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Type-2
QUEREINCTE G RIEIC)

Rule: pH= WIS S T© AT - log(ST2TT)

M-3: HCl @3 931Gl 0.004 3@ pH A7 NIF 30?2
Ama:e

> g ()

log1=C \oglo= 0%
205

logz= 05 1247=07
oga=0 6 0§80
og5-0-F% RO
logie= 1




M-4: H2SO4 a3 TANIEl 0.003 e pH aF NIN

fimss

T o
(] =1 ype ,owl=10"

M-5: I03d  pH=7.4 T QULAFIEN WAL
LANIQT P9?

L] =




Type-4
£ PPt = 19
KR 7w oM = 14- P
AT g P = 14 - POF

M-07: 0.01 M TaNTal RIXIS HCl YT pOH T97?

PH =

. POt =

M-08: 0.001 M FANTgl I8 NaOH Gad

pH $O? POH _

PH -



Type 5

' M-09: A TIJ pH=3,B TIAJ pH 6_(F1’(2ﬂ7~rl%
@ﬁ@ﬁﬂsav_ﬁﬁ(?ﬁ@ﬁ?{? -

Practice

. ——
ﬂnﬁammﬂ’*mmeWpH @ 1.42 (€A, 20-38) T .
A

A.0.004 M .B.AM C04M D.0.04M

-~ : e —— ol

53 I B pH 7&iR&? (A A20-3) .
A 0.001M H2SOs B.0.01M H2COs C.0.01M HCl1 D.0.01M HNOs



RS ARTSA 8¢

7 | @ A afted pK, =4.7 R B 3% pK, = 1.8 T O A «fItes g B «fre wfgon
=P e emiae 23

"~ et 25°C-a ARK,, = 1.0x 1071 R AR pH = 7 ZA | AT pH Fley 7 3 ST
Qe =1, AR pH S STl e K, o A o1 87 03 R ARTETA | @, 50°C-9
SR Ky = 5.5 10714 B 1 0¥ H,0*'6 OHT SR STl CSey 2345 % 10-'M =0 (PRt foce:
98,55 G F1-88(F) e, (74) | 418 50°C-@ A1 pH = - log [H;0%] = — log 2.345 x 1077 =
6:63 B4 1007C-9 M Ky, = 8.70 x 1071# @R H,0* ¢ OHF & ¥ 2.93 X 107 M %,
¥ 100°C-d AN pHRTA ¢ 6.53 = | ~Mfa Fcarees Sl RewH, el IHTS Ky 4 W 6
[H,0*] 711 a1 | ©12 Stea e =N pH THRE AR ‘

TIPS -8, 09 : T 3BT FoFA @olq MR pHI (I 4.5-5.0 A B R A
T | 4TS 3B R AR N pH 4.5 T @ AFTS HyO* SHTa Tt (37 541

WES! ; 4GS pH < MR SIFBeet Tt H;OF ST s el I |

NG : [H;0+] = antilog(-pH) = 10-PH = 1045 =3.16 X 10°M

FRYITFS T1-8.0 ; TR S el OH- SETa Tl 1.9 x 1073 M2« pH o

wF! : 440w OH- 9% TNl (A& H30* ¢TIl (39 0, (108 @3 AL Jog ¢ I |

AN : S @, [H;04] = Kyo/[OH] = 1.0 x 10714/ (1.9 X 10%) =53 x 10712 M

- pH =~ log [H;0*] = -log (5.3 % 10-12) = (-1) (log10~12 + log5.3) = (12 -0.72) = 11.28

Bty pH @3 W= wifiees 8 pfefEn fors 201 a8 fEe H;0+ 8 OH- SRR q=ial
wrfiirae o) 7 fefes <rfe fire =

AMLAFS * oI EATS “5TACT pH @3 N 1.4 T @ TG HH A H;0* ST
TR Tt ¥ T ? ZMAT-f?Z’Zﬂ)
WS : 4TS pH 7 TR ST et HyO TR G oariall #1es T | —

I : [H30+] = antilog (—pH) = 10PH = 10-14=0.04 M
. 2lI5% 01 H+ SRt H;O SRS G qawiat =0.04 M

AAYFS FT-8.80 : (F) 0.1M HCY, (}) 0.2M HCJ, (1) 0.01IM HCl 53te7 pH fa 39
AN : (F) 0.1MHCI §2tet [H*] = 0.1mol H* jonL~! 1 F@9 0.1IM HCl &3t HCl s3¢f wafe
]

HCl+agq — H* (aq) + CI- (aq)
0.1 mol 0.1 mol

- pH=—log [H*] =-log 0.1 =-log 101 =1 (®:)

() 0.2 M HCI B4t [H*] = 0.2 mol H* ion L~! 1 189 0.2 M HCI s3ef e 7@
~. pH = — log [H*] = - log (0.2) = - (- 0.69) = 0.69 (@) (8:)

(*1) 0.01M HC1 %&eet [H*] = 0.01 mol H* jon L~ | ¥ 0.01M HCl sof wrafae = |
. pH = - log [H*] = - log (0.01) =~ log 1072 =2 (®:)

* ] TR TS SEA (et SAsiad Afse qeel @, pH < T1H ©re! I |



85y / T2 @

\/mnm TE01-8.83 1 0.005 M H,SO, 4affTex pH A=t 39 |
A : &AW ZJRA 0.005 M H,S0, @7 9 Ricaimem w06 «Re faaet Jear<s H+ S 0o 303 |
H,S0, (aq) — 2H* (aq) + SO3™ (aq)
1 mol _— 2mol
. [B*1'= 2 x 0.005 mol H* jon L' = 001 mol H* ion L-!
2/PH =~ log [H*] = - log 0.01 = — log 10-2 = (- 2) = 2 (&:)
IS Te-8.8% : 0.01 M WififbF «fte e pH AR 91 (il WitR, BerArS
AN @ 95 I 9Pred Tew Ko 12.5% |
FA : CH;COOH (aq) &= CH;CO0- (aq) + H* (aq)
«frefd 12.5% Rcnfére 2@t | ©1R 0.01 M 7t [H] Site—
=0.01 x 0.125 = 1.25 x 10-3 mol H* ion L-!
- pH = - log [H*] = - log (1.25 x 10-3) = (- log1.25 ~ log 10-3)
= (- 0.097 + 3) = 2.90 (¥:)
ARSI T AW (@, GFR TR O «fre Srorst i e e Y3EIees SR S i@l o5
T | oA GTeF pH QM T |
S TANEFS AHA-8.89 1 1.0 X 10-2 M W@ FWE @ffte (H-COOH) 97 Ruew &35
(Kj) €7 T S99t 39| @ §I097 pH 0Tt 2.90 |
T : AR e : H-COOH (aq) s=2 H* (aq) + H-COO- (aq)

K. = [H*] x [HCOO-]
2= [H-COOH]

B [H+] X [H*] _ JH*’]Z

; U@ [HY] = [HCOO]

@A R, [HCOOH] = 1.0 X 102M

~ [H-COOH] ~ [HCOCH] '’ oH = 2.90
SR I, [HH) = antilog (-pH) I[?+1 - ?
a="/

0, [H*] = 10PH = 1029 = 1.2589 x 10-3 M
. g o [P (12589 X 10-3)2
" ™7 IHCOOH] = 1.0x 10-2
Ky = 1.5848 x 104
"\ STHIERES T-8.88 : 298 K 1, 25° C SIeIT @%b 0.1 M 2R «® 507 pH
A =21 [K, = 1.76 x 10-5)
STHIYM : CH,COOH (aq) &= CH;COO- (ag) + H* (aq)

CH;COO-] x H*
. K= [ C3H3COC])H] ] ; 9T {3t [CH;COO] = [H] =T |

IR AR fSre 741 e zemm wfe wg s srfe o | ©1% 73t SReAfés CH,COOH

a@< 9914t 0.1 molL-! 411 I |

- _[CH,COO-] x [HY] _ [H*]?
®, Ka=""[cH,coom] = 01

= 1.5848 x 10~4
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A, [H*2 =K, x 0.1 = (1.76 X 10-5) x 0.1 = 1.76 x 105 [ewrS, K, = 1.76 x 10-]
. [H*] = V176106 =1.33 x 103 mol L-!
pH =<log (1.33 x 10-3) = 2.88 (8:)
\;mm/www 8.8¢ : mmwmmwsxm—smolblm &
I pH ¥ T3 ? 7357 a3l Wil g 71 widm a?
YR : &S, [H*] = 3 x 10-5 mol L-1
- pH =-log [H*] =-log (3 x 1075)
= —[log3 - 5 logt0}=- 04771 + 5 = 4.52
. B =4.52; (XY {AW pH & T 7 93 (578 39, ©i2 734if> @ 23 1 (8:) -
\_ATMYFS T-8.8% : (F) 1 M NaOH, (¥) 0.1 M NaOH, (*1) 0.02 M NaOH,
(¥) 0.001 M NaOH F3tia pH 513 39 ‘
YA : @Re NaOH @8 O 17, BT oY FIPR NaOH A=}aeet ﬁwﬁw T |
TSR G ANl 7t OH- WRTAY T91@Id 914 | NaOH (aq) — Na* (aq) + OH (aq)
(F) 1 M NaOH 93 %@ [OH-] = 1 mol OH- ion L-}; pOH = — log[OH-] =-1log 1 =0
Sat pH = 14 — pOH = (14 - 0) = 14 (83) oS
(}) 0.1 M NaOH @3 @1 [OH-] = 0.1 mol OH- ion L-1;
pOH = — log[OH-] = — log 0.1 =1; pH = 14 — pOH = (14 - 1) = 13 (¥:)
(1) 0.02 M NaOH §t1% =19 [OH-] = 0.02 mol OH-ion L-1; :
pOH = - log [OH] = —log 0.02 =1.7; .. pH = (14 - pOH) = (14 - 1.7) = 12.3.(¥:)

() 0.001 M N @@ [OH-] = 10-3 mol OH- ion L-Y;
pOH =<Tog [OH-] = - log10-3 = 3; pH = 14 — pOH = (14 - 3) = 11 (¥:)

YIFS TH1-8.84 : 2.5% NaOH ¥3ea pH fRefa ¥4
T : 2.5% NaOH 339 NaOH F]<fsieel Srifae e |
2.5% NaOH BtR 100 mL 53¢ 2.5 g NaOH 73g® AT |

. 1000 mL @ F (2.5 X 10) g = 25 g NaOH 33¥® 4173 |

NaOH 9% &=-s14f3% ©2 = 40 g. .. 25 g NaOH = % mol NaOH.

*. 1000 mL NaOH %3t (25/40) mol ™R = 0.625 mol NaOH WITR |
» 0.625 M NaOH @3 ¢®t@ [OH-] = 0.625 mol L-!
pOH = — H-] = - log 0.625 = 0.204 (&™¥)
=14 — pOH = (14 - 0.204) = 13.796 (®:)
TAFFS FAT01-8.8Y : GFD FILTA YREHIRE WA (OH-) @3 Y@t 8.2 X 10~ molL-!
™ TS v pH @ TF 997

TNYF : &Nrs, [OH-] = 8.2 X 104 molL-!

*. pOH = — log [OH] = - log (8.2 x 104]

= — [log 8.2 — 4 log 10] = (- 0.9138 + 4) =3.09
-, @ HIF g7 pH = (14 — pOH) = (14 — 3.09) = 10.91 (&:)




85v B TARA-LET o

o

F1-8.8» : NH; 97 @ &7 (NH ) 9% K, = 5.8 x 10-19%1 NH; 9% K,
un‘a/mw?

ARG : mmmﬁw 5153 7% e, K, x Ky = 1014
10-14

. a—5.8x 10-10; . Kb_sgx10 =1.72 x 10-5 (&)
TAAT-8.¢0 : 25°C SN 297 HAF wAerde St 1.0 x 10-2 molL!

vl e pH @ WIF 7.64 TN & FR0F RO £33 K, 47 T ¥ 7
YR ; TR e e e

(GH3),NH + H,O & (CH;);NH,* + OH~

. K. = (CH),NHy*] X [OHT] _ [OH-J?
~ K =""T[(CH),NH] "~ TOx107°

[(CH3);NH,*] = [OH"]

erep®, pH = 7.64; . pOH = (14.0 — 7.64) = 6.36

- [OH-] = anti log (=6:36) = 4.37 x 107 molL-"!
Kb;«r.moiw(l.o x 1072) = 1.91 x 10-11 (&:)
p it
NS AN-8.¢d ¢ 25°C Sieam @36 g3w@ pH 5.50 T @ g3t OH- WA

CTR WAt 7.
AN : S S, @A e pH + pOH = 14.00

sopPH = 14.00 — pH ! SR,

31, pOH = (14.00 - 5.50) = 8.50 pH = 550

2, —log [OH-] = 8.50 ¥, log [OH-] = - 8.50 [OH-] =
filog (~8.50) = 3.16 x 10-°M

9, {OH ] =
% 18,03 : «Fb T AT HF ST T 3.3 x 102 M e @ ¥ 01 pH
wawwmmwwm
Sy St wnfA, pH = - log [H+] A% TR,
- pH'==log (3.3 x 10-2) = 1.48 [H*] =33 x 102M
WpH—l48 RS &7 pH @7 T 7 (AF I; IR T FI6 THH &Pfed T |

mwsw pH = 3 &3¢ pH = 6 W 7fd §aet o7t WiR | (G A Sl @3
m‘taﬁlwﬁamwwn

ST : SR Wi, MCQ-4.25 : HyPO, &
pH:= — log [Hy0*] .. [H30%] = 10°H M g T2 [, @l R034]
@1 ®2EH3 @4

T pH = 3, %14 [H;0*] =103 M

79T pH = 6, S [H;30+] = 106 M

seqik pH =3 @R pH = 6 SR F39 {53 W0 @9 70t H30+ SR vl fesafba o e
i

2 pH = 3wi<=fﬁ:‘caﬁm§hm|



IS oAfFTE 855
A4 B4 WL AR, pH = 3 TRIR#E g3t HyO+ SIAAa 9991@1, pH = 6 IRRM¥E §a H3O+ SRR
ﬂw—rmm%—g_103@q@ﬁlm\,awmqﬁawmmfﬁamqmm1000@qcaﬁ1|

LAY

frmaf e 32-8.50 © FICR pH, K, ¢

ST1-8.84 ¢ (w)wmvnﬁaOijm 5 ‘[ﬂ;’s 20]

0% [% 4221

() 0.05 M H2504m_pH W_r 1y

" (%) 0.01 M HC| 590K pH ¥ 2@ e 8:2)

(8) 25°C- a01MCH3c00H«aaprmfcz:Ka_176x10-s el  [®: 2.88]
B : qUFa [H*] = [CH{COO] . [H+] o [CH3COO'] ‘ [H+]2 781 i .

(5) 0.2 M NaOH 53U pH F97 S - [8: 13.3]

(%) 2.5% NaOH 5Tt pH Fo7 . A®:13.79)

-(w)wﬁmaﬁmﬁwmﬁmm 12.5% BH 0903]

78 : 12.5% Ruafers 0.01 Maﬁwwf[

6ﬁ309 X 10-10M]
[ﬁ 1.0x 10‘3M]
[% 1 0 X 10'3M]




¢oo » PIRF-AT A

(m)25°cwmm05Mﬁan’iﬁwnﬁw« H3NH,) G301 pH 9 232 Ky =48x 104
[e: 1204]
@)025MWT@RCH3COOHW‘T<IpH 26smmﬁmﬁmwmm=cwmz
: [ 1746x10-5]
(t)ostmmHCchﬁpH smzfaﬁmﬁmrwmmwm: b
i [&: 40x10—%
(m)25°cmmmmmNH40Hmmmammostaamonmﬁmmm
9 1.76 X 10-520@ @ A4 pH T 3 Z(ar [®: 11.32]

TGO IS ;| (I B pH @3 T 0 (ATF W AN 14 /e @ xew A e
mmmmmpH«aamocmwaao14cmcaf*ftc—ﬁmnmctpHmarr—mm1M
HCI B2t pH = 0 @92 IM NaOH Hat9@ pH = 14 - pOH = 14 - 0 = 14 43 pH &= f@ s
TR |- 1R 1M HCl @3 Q@ g99@d @@ 2M HCl 53R @@1¥, [H;0+] = 2 .mol H,0+ 27
pH = - log 2:= — 0.30 T | SFFSId 2M NaOH &7 ¥, pH = [14 - pOH] = [14 - ( - 0.3)]
= 14.3.73.1 ©R pH & &febR R e 1M G (608 oS 79 39 (i 0.01M o Faeeia
Wﬂamﬁwwwﬁpﬂﬂﬁfbﬁm«mﬁmmﬁawwwmu

8.5%.) AR =Y. Rreyaa
~--Salt Hydrolysis
SfFIee =99 @ NaCl, KCI, NaNO;, KNO; lifite gdige 2 faee® 739 tofd 9 | 9R_i|

CHE AER TG 7Y TRW L TR [ | WIET W 8 HRAF (A TeoA AR IO A
IR oA wed fFm I @ SEydll A Faesl ' 53¢ ot I AE | «F+ RiGHe

T WY RvEe 39 7 | S pesig W e 9o |
@)-m’meWesima,wmqwfﬁmﬁvm

I | @,

BRIRIA-S | FAR AEARD (CuSO,4) XA 78 #ES Cu(OH), '@ 7€ WF H,S0, @R 7Y | «fb
ATTS FAFS STFW YU Cu+ ST 8 SO,2- WA e =7 | 7@ Jard Cu2+ A Hifes e fm
Aead e T w03 gaed PR sE (FH;01) I 90 |

CuSO4 (s) + aq — Cu?* (aq) + SO4% (ag)

Cu?* (ag) + 4H,0 () = Cu(OH); (aq) + |2H30* (aq)

T 7t HyO+ SR et S TR {9 pH @3 T 7 @3 (6 I3 IF; Wi CuSO, 47 534ife
AN W | @ @R R FHEe SR =1 = |

TAIRAA-2 | TSR, NH,Cl T 54a 146 NH,OH 8 399 S8 HC1 @3 7119 | i *HifAte g9t
e e T | 23 7t NH,,+ S0 SIHReeRe Faaee 906 @q 526t o8y & |

NH,Cl(s) + aq —s NH4* (aq) + Cl- (aqg)

NH4* (aq) + HO () = NH; (aq) + |H;0*(aq)

T A HyOF SRR 201 ASIE FI0e pH @ W 7 47 (6T I 2W; mﬁe@ﬂ G 739
AT W | 9 @ R b Sy -Read @0 23 )

STt NHyNO3, AgNO;, ZnCl, T971f% #i3et SH-Reeset =idt <& 53 tofd <t |




AT Afe ¢od

(e e 11 o b v e
EICRESEOR

Tarad-0 | CIfEAN FHEES (Na,CO;) T 719 F19F NaOH 6 WWHW aﬁvs (H,CO3)
G2 T3 | G5 AIfATS A FAPS W Nat SR ¢ CO42- W Rew 27 | mwﬁmﬂco&
wvfrﬁamﬂﬁaﬁamwﬁmmmq OH- SIta “ifet 3 +ea |

Na,CO5(s) + aq — 2Na* (aq) + CO;32 (aq)
032 (aq) + H,O()) == HCO; (aq) + !OH— (ag)|
HCO5;™ (ag) + H,O0 () = H,CO; (aq) + |OH~ (aq)

T 7 OH~ SR HRA7 G P B pH <R T 7 & BT (G TH; Wéfie, Na,CO3 A
56 #19 *0 1 @ TR RS S SEREEe 990 @ | S9aoenT, NayS, Na3Pe,,, K,COs,
KCN, CH;COONa 2o7ifn #Q¢t o1 freiel a1 19 339t 0ot 307 | N

8.59 TR HIA MCQ-4.26 005 M Hy
Buffer Solutions :,(3"), 0.5 () L0 ()]

SATRA-8. 52 (F A (SR ﬁ«wmﬁz@m@ﬁtwaﬁsmwmmﬂmm
pHaam@ﬂﬁﬁmuﬁﬁwwwﬁmeﬁaﬁmwﬁamﬂﬁaMWWpHﬁa
4 SRPIF | @ A G pH A 7.4 | AT SFaroly AWy &2 I 634 4309 FIMA a0SF pH
T TSI T (AT 0.5 97 @ ARES o1 T3 0171 T | O} T 674 '8 I eRgRore pH
R TG T4F | O} P (T G RO 539 g TR 7N AR W0 oG #AR A1 v 1w 5]t
Gl 0 Freftetd pH @R (oW RTS8 W05 A | et RO 2FI0ER B IR F1 m’&f

D FALIA FAegat fAmat

mmqmmﬂﬁmmaﬁwwwmqmmmmpﬂwmmw
T3 A1, o 3 s, mmwaranmmﬁWpHﬁamwmum
(buffer) %2 & AfSTAY A resist F4T |

A R pH F90 [H;0) qaﬂwm«wmlwmqmmmw
<TG ¢ 7 SRR I JICR Fet, 0 SR A1 §I9 0 | TR T FHE 790 TR
GFHTes find-B3ets w1 I 539 I 2 | e AR 5 7 Res; wiv aer g e wAN
qAPE 7 |

SR IR I 154 e 4 S w ), Twrae a_d) C C02H+CH3C02 wm

\_£if) H,PO; + HPO} ™ SR

m=mmq:[ﬁaw+maﬁr@];w;\/ﬁf)qco3+ﬂco Dﬁ\ ‘L\
1) NHy

\/Z?/aﬁm STryraet ey : Quu{ihﬂa Tt

A 73ed pH 9 A8 Qs |
PR FAE TAMH Gfod THN@R (G577 9 At H,0* 9w (V8 ﬁﬁmquq?aﬁ@)w
OH™ SIS-(S3! AR 373% #7Y %1R) (%} FA031 @ PR JI pH &R So{RfES s |
FRFIA GRS FYFAY FAENS AP FIR pH T e s |
AE) 7 e AR e et A | ]

TR AR pH W Ao wiifaafds s |



@ox TIRA-AA “ A

I FI apfs .

() ST AR G TS T T @ & GfTTET e Sl TR TR P T S g
2%, 39 : CH;COOH @ CH3COONa Bt fabee |

() AT TR FINGT Y7 FAE @ @ TR A0 O S TR FB T L dFe T W,
74 : NH,OH € NH,C1 32 et |

@S Y@ (Henderson Hasselbalch) TR o TR [Sq pH @3 AP {39 &g T
A |

JFR FI AFOTS (@B PITFIN FANFA
Henderson Hasselbach equation for Preparation of Buffer Solutions

(F) WA JIA pH AR FRFAL : T o TR FI! @, CH;COOH ¢ CH;COONa
<7 Fefeq 57 S (T, CH3COOH 21 | 3 b et Smfere 23 |

: CH,COOH (aq) + H,0 (§) == CH;COO~ (aq) + H30* (aq)
L _ [H30*]x [CH;CO0] | . | _ . _ [CH,COOH]
U AMER, K, = [CH,COOH ; 9, [H3O+] =K, X [CH,CO0]
qTATE CH,COOH T §7 & | ©i «fb & Faet 3 wrfve 28 | o 3y ofe R
CH;COONa @7 Soif¥fers «a Rramem e ZF1 =i | o sfianfere [CH;COOH] « & W1 CH;COOH
<3 SRR TN &N PRI ATE | WS [CH;CO0™] @3 W «F w1t widis CH;COONa 9
ARMF TAN@R TN TA | FoAR e AN Faeet @< I

[H'36?j' ;K@xﬂq; A, log[H;0%] = log K, + log Eﬁ]—; 'PH —PhKa - [o Mt
3T (e el { «l e
a" :- H — K l [_a’_ai] . % l ié — l li
9;/ /;_ PKa —log [m] ’ . log B 0g A
\%/ ' [Prel] MCQ-4.27 : (11§ [OH-]
2 pH;pKa+log[—q§l- $ =34 % 1012 @9 pH F©?
() 9.53 (%) 7.53 () 8.93 (¥) 1353

@3 TR ST YIEEANE FRFA 70 | Q AN TR @ (A FAY AR GIRA
pH 1 31 T §
(%) IR AFR FRAT pH AR HRF : T &FFOT Aw {9 @ 787 ¥R NH,0H @
a1 wRMBA SN 794 «@Bre HCl @& 7199 NH,Cl «7 i) gt 74 17 NH,OH efieie fEmeA
et ¢ NH,OH (aq) = NH,* (aq) + OH~ (aq)

- NH,* OH~
g e, Ky = S 0H) = Ky

[NH,OH]
[NH,*]
[NH,OH]

& NH,*]

a3 Ten iz, log AT AR, log[OH] = log K,, + lo



IS AfRTE &0

G -1 ﬁ'Cil oY IR 9“?{’ — log[OH—] g S lOg Kb Kl log [NH4OH]
[NH,"]
_INH* [71el] o

41, pOH = pK}, + log g o INH,OH] ’ <1, (14 - pH) = pKp + log ]

m 9 ~"~‘
%m-m 1og[m:],aﬁwwmmwmpﬂmwm+
ST TR ST poie

(3 S pH @4 118 G pH e 91 T |

Q)

*(9)

*(8)

()

A8 pH <7 WAT AR FI4 TS IS AT T TH @ G AN FI FS GIARETS
(et ferm) mmﬂmmqa@m[mﬂwmwwamﬁmwwwmw
T/ | ~

(RO AT (AT T T A, wﬁmwmpnv{@%wmfﬁapx mmﬁm
W, (@37 WG WA log [F139]/ [SF] @ (TS S | TN,

[f1R)/ [oR] = 1 =7; 4 log [#1]4] / [%F] = 0 W @32 pH = pK, ?&ummwwm
et 741f4S (highest buffer capacity) 1 | T2
AqrRce TS T pH 97 IR pK, RFE 780 affield @ o 21 ) 9327, @™
el 0 [o7el] / [orm) Swgeire 3 w1 =0 1 A, 5, e

(i) pH 7 7 FIRFIR IEE 2o 90 T H,PO; ¢ HPO, R S SH-FRP R CTI W |
34 H,PO; «fTed pK, @7 W% T pK, = ~log (6.2 X 108) =721 -1~
(u)mi—napmaawﬁnwmqmﬁawmcmm3mwﬁwwwm
T | GUR@S AT AT @O AN YA 9 T | I NH; SR pK, 93 T4
9.25 | pK, = log (56X T0) = 9.25 | (MWt AW, AT 540 afrefby pK, @3 7=

rFicad R#S pH ATl + 1 pH IR Y AIA |

qzg Ry TR FE MRIECS © GH agfers TS 7W, O ATEhers Ry M
ﬁmam@mqmﬂwmmmwﬁﬁmﬂmﬂ e[m‘f]/lw]aa
TS AGFONT PR I =W |

* X8 pH <7 T FITNR AR TH-F17 ooy 4o - 5

memwmwwmﬁm@wﬁmmmm mwmpn
WA 6T + 1 pH @3 IR T AR | s q@+t 816 Iww qavas Fifas wm-wa qﬁmpH
@ 91 A TRE PSR K, 8 pK, T @37 T | RS @i | :

FF FALTR TR-FIR o pHaa |afTerK, aﬁm pK,

5 | HHCOOH 8 H-COONa d%R  :[3.7—5.2 |HCOOH @3 K,=18x% 104 |pK,=3.75
31| CH;COOH @ CH;COONa @R :|3.7—5.6 | CH;CO,H @3 K, = 1.8 x 10-5| pK, = 4.75
© | NaH,PO, ¢ NayHPO, I :[5.8—8.0 |y po;  waK,=62x 10-8 [PKa'=7.21
8 | NH,Cl ¢ NH; (1, NH,OH) I#/ : | 8.5—10.0 | NH} @3 K, = 5.6%10-10| PKa = 9.25




¢o8 TIRE-LL A4

1 WSl (buffer capacity or buffer index) : @& o/ TR FAR pH ¢ TH G& GF3
(1 unit) ARIET FICE TS (M T 3 @fe 41 F19 fiffe a1 @1l F90e W, OIS @ I JA
JHER TN I |
\%%mm—r ofs bl TR gael fififs <SR Qe st

pH TR i

@=® pH = pK,, + log [FRAYSE]; ©1F (i) [et]/oF] @3 A 1 X0 @ PR GARAL TS| HAC
™ g 1 (ii) BT WA AR @@ pH = pK, @G3R FIA AL @ pOH = pKyp, T | (idi) I*H
FA0eIR TS0 SAMITR (VTR SANIEl T8 (3 TR @ TR FAR TR wel ©0 (@f I ) O @ T4
HCI ¢f18 3 NaOH F390F @ 1T {39 HRIGE (11 T AN | 4

CETA e : | TR AR {3t G W 7IQE W I, I I | [, @1 Q03]

pH &% e SAY AT FI pH @7 =T 1.0—7.0 97 T ARTS T | WAl Wi, e «fSires
K, 93 9 1.0 x 10! @7 &P TF AF 932 @ A7 «70ed pK, @3 T A4S T (0D 8.¢ HeAl) |
WWWQWK GA T 1.0 (A @5 SR 1.0 x 10-! (AT A (T T AMF AR & T4
4TTA pKa 99 T 1.8—7.0 A @1 @f1e T | AT G efefEre (O YICERIY FqF o
S IR G pH T 2 AR I3RS FGH pK, <R AR AN FIH0 M-

[7r=et
pH = pK, + log ﬁql ; STIE T4 [FRe)femy = Z®; B fog [FRalE] = 0 =0 @R e geafe

Wifie @R TIog® pH = pK/ NeH /<Y | T S8 7 IwF g9l tofre 1.0 - 7.0 R ARPTER @
pK, 93 74%1 o 91 e STarer 23 | SN A AR AT S b T S wieed e G
Wﬁﬁmﬁﬁrwmwﬁwwmfﬁmmqmﬂmlm

& CI-L_(‘ O0OH ﬂ3COO + Ht
CH3C00Na N |_H3COO_ + Na*

SE TR G349 RIAERASIEG]

o 0 B 50 (1,0
A, NHiCl & NHOH B, CHCOOH @ CHCOONa f

C NaOH @ NaC D Nepd 0y & O y

)3)




Jump 1o 490

7R 2Rge HIAW Ffen IR 7 T =N | T wEA WwE T IIKAD (CO; ) W 43R 49 SR
etz ARFIFAS (HCO; ) W |

@I NayCO; '8 NaHCO; SR~ 7139 33e1 Sfbr Rreay 263 *roel) wirfve =7 | fog HCO; wiww
7 ofbr ey Rear SoyRen S s o Reafe =3 |

¢ot

N2,CO3 () + aq —> CO¥(ag) + 2Na*(aq) _MCQ 428 : A(H,0) _BL
NaHCOs (s) + aq — HCO; @g) + Na*(ag) | BE0%)! “‘W'.’_W‘.W’
HCO; (ag + H,O0() = H;0*(aq) + COZ (O S BN SISy 98
p 3 (aQ) 2 — 307 (aq 3 (@9 (n) @W =
ARG AT (HCO3) 97 R AT (K, Fwmest aam - @AY 933
EOIEE "(iii)zscaﬁwmapn 7
(O] x [H30%] [HCO3] SR kg A
Ka= ; 9, [H30*] =Ky X — ... (%) (35) 18ii @) iie HiEG
[HCO;] [CO3'] () 18 i (¥) i, ii @ il

(3) T AMFEY TS K, 9 26T, AR FICR H;0" SR (e Toyiet e SARTRGER (e
[HCO3] [HA} ]
[COZ] ~ [AT] (S ]

* (i) (I IR I [HAY/[A~] TGS A0G, ©947 [H,0+] T, pH I |

* (ii) IR IR TLF [HAY/[A- ] TS T, B [H;0+) I, pH TS |

97 Q FINY IFR I TG 7 e (HC)) 5 F1 (NaOH) FI9 ALATNT FCe AT GO
pH ¥ &1 33 Q12 < 31 e

(@) wE affe (H,0+) e : 9F 7399 e (HC1) @19 F36 ©f (0@ Teog H3 0+ SRR
AT FFRIE FEEAD (CO3™) T ML & TR TFF HCO, S Bevfy 03 | @,

TANER ST Tgeifos 28 | @,

HCl (aq) + H,O (@) — H3;0t (aq) + ClI~(aq)
H;0%*(aq) + CO3 (ag) — HCO3 (aq) + H,0 ()
O [H30+] 7 S#{fmia [CO37] SRR 3T @3 [HCO;] Tweifimnd ey | T (3) 7¢ ANl

AFI TAMLTN THIAR SFATS @I [HCO; MC05] WS AN A0 | Wefie [H30+] AN TG |
(&R (i) T2 =S o) | fAroa foa-8.2¢ 7 IW fie (AT ©F Z& @I/ AT |

«fre g3 T TR R 34
AL J4 HLA y
....................... -
7 4
2 2= - > - %
Co; [HCO, H,0* CO; |HCO, OH Co; [HCO,
& / y i
// A /A
H,0 + HCOj; « H,0* + CO3" HCO; + OH- — CO% + H,0

5@-8.3¢ : IAFIRT TAMTRER NG SATS ARTE | [@AT7a ©6 iZA Wro @A e |]



toY TG

(%) B *@ (OH-) G : 98 NaOH I 3301 <7 Reidlre oiag) <06 | FR (4 Besig OH-
SFPTIR AR TR ARFAD ST (HCO3) 7 e Rfees e sy FIEs (CO3) SR
I T NaOH (aq) + H;O (D) — OH (aq) + Nat*(aq)

OH- (aq) + HCO;(aq) — CO% (aq) + H0 ()

T (3) TR ANFAER TFE TAITGRR THNAR SIS FT e [H;0+] A FTH | e I
FAT WE H,0+ 9@l OH- S Gl %41 T @lfs oFta [H;30+] @3 ARTS 3R I 9 T
pH “RRET 43 3 3 & SHRRIES A | (@ 90aR IR AT Frds 1o, TeiRT SR W
pH 7.4 Tr=e ey Fe 70@a pH +5 39 @ 20 1R 1]

fw 5% : qreE gIeew fm o MCQ-4.29 : Fwpa @I

Toqd [ @1 03¢
ATRfSTS GEd o= l FR
[s@res PR JIIT AT 7w RS0 ] (%) NH; (%) HCO:

(5) B AT FACR (ER-ET (D H:0* (%) CO3
A IFR FACR RE-EE I FAR T WS e i wpfGS e (CH;COOH) @

TR RIS 41 SHREBS (CH,COONa) 713 &l &ig® ity aigfen e geifba fam-cvam <
T YW | G IR FAE SAITRE Faeet e [eaifere 2@ A |

CH,COOH (aq) = CH;COO-(aq) + H*(aq) (1 «f3re, eiR e fcaifers =1 1)
CH,COONa (ag) — CH,COO-(ag) + Nat (aq) (S e, i 7} fcaifere = 1)

H™ &rae et » CH;COOH
CH;3;COONa —|CH3COO™ [+ Na'

CH;COOH=CH;CO0 + [H"
(@ EEECECEIUD — H,0
f5@-8.2u(F) : TER AT FIH fr - FA
[z fiferm wan oiffess @ e |]

(F) w@E afre A ; T AR Afmia HCl ofFe sdie H Sme @ IR 30! @9 991 3,
o & H+ SIEATE 5a0et RASA CH,COO~ SRTRR AN I& TR fAaae g ofés vy CH,COOH
g ety I -

H* (aq) + CH,COO~ (ag) —> CH,COOH (aq)

RS WFBE bt 7 ofve fvsm, ok Wi «fre s s s Refers 2 (Rem @
B ot Aoy Eifeam suibtseea SoifEfere) ¢ag @ IFE gt & oiE A1 «fFie 9@l H SRR A
GG WA (H,0) G2 Tl R Qe 7 | Sidie @ Ga0ed pH <1 W 2 Sl 4 |

(%) SR W T (OH-) R : Ay AR 11 94l OH- S @ e §34fbre @ T390
278 OH- S Tel gate v Ht @7 s R st ordi 77 ofee Ry «41f 91g (H,0) 73 |
oY BLAIRS BT AIRE TRk A P B SiRH tof o0 [i@es HY SR o[ 279 36 |

OH-(aq) + H*(aq) —» H,0 ()
CH,COOH + aq = CH;COO-(aq) + H*(aq)
Toqq (R T (4, IR FA A AR $iF «fte A wie Re I H SRS w9t

OH- ST <@ (@ I G3f6 Il T2t (% 7 (34, ©f I JRO SAMITTR @ sferad & woiifis =1
A I CHERZ, H+ SCe i@l ol pH <R 19 Ree ofiafEs = =1



AT RS o

() =AW AR JICR - ‘

T PR {3 7 FHE @ NH,0H 8 ©F 7t @5+ NH,Cl T mum@ﬂm
et wrfve =3

NH,OH (aq) = NH,*(aq) + OH-(aq)

NH,Cl (agg —— NH,*(aq) + Cl-(aq)

H WRa @) —  —H0
NH,OH=-NH;, +|OH"
NH,Cl —|NH,|+c1-
OH s —» NH,OH

o@-8.24() : AT AR g fFWN-@Fra
[ootaa fafF wn AffReR @R e ]

(F) 8 T@E 9ffe (H) Jt © @ IR 70 &g @ O @Be HCl 1, H+WC€IT’TWW

o1 AfA e OH- SIepiz <A Besy |
H* (aq) + OH- (aq) — H,0 () (@ SReaifers)

(}) I M@ F1F (OH) AR : 9 FIY NF TR O ¥4 1, OH‘WCEI’TW@NH,;

SRR NH,OH Beoi 373 |
OH- (aq) + NH* (aq) == NH,OH (aq) (317 Reanférs)

SRR @ JA OF UF I OF FR QARG e T e 7 3, @ RifEre w7 1 HREET AR @R
N X0 ©XF H+ e T it A pH @3 Ress @it s =g 4y

IFE &% (buffer range) : (FIT AP JINAT TP @S IS IFIA GNAW G12 pH Aa sifeorm
@R, @ pH e Maiw g @ I G0 I o qgena wifeq as o

*(3) IR @G TR FICI TSAMITRCTT TR T TS 6o 63 303 |

* () R TR WA IR [ [F1]/[S7H] <7 SHATS = 10 @9l WL_Y & GFoAS = 0,1 el

SRR N AR ©TIR AP TS| FFA ACF |
* () pH = pK, + log [FR4]/=1#] = pK, + log 10 = pK, + 1 ot
HIAE pH = pK, + log 0.1 =pK,~ 11

*(s)@immmmwmwﬁmpmmmcﬂw:lpﬂmmm!mu

*(Q)WWW[W‘TMW]&HW’,{’H——10@‘1@!‘@01G‘TQ?‘K#IQIW?&IWWQ
mmmwwmﬁwwmmmﬂammmawmmw
I |

ANATFS HP-8.¢8 : 010MMWW€01OMMMNWWW¢1
0.01 mol NaOHMﬁwaWWpHmﬂﬂﬁaﬁ@mmmwmmw
aftes (HCO; @7) K, = 5.6 x 10-1

WS ; QAT I AL pH AT F9 1 W BT o o1 e @

aA R HCOj; (ag) + H,0 () = H;0*(ag) + COZ (ag)

S < (M) : (0.10 — x) (0.10 + x)
+ 2-

TR, K, = [H30%] x [_C03 ] .. [H30*] = Kq X [HC03]

[HCO3] [C03 ]



¢ov TIFA-LYT 44

7% 72, Na,CO, 737 $foe Rew zean COY Smafbd wmial Na,CO; @9 TCe1 0.1M T | WK
HCO; 7471 wfbe Rrei 2eu WH (G x mol) ES X o (G714 x mol) CO3™ S e 5et 3%

FR
(0.10 — x) 0.10

[H;0%] = K, X m=KaXm=Ka,

. [H30%] =5.6 x 10-11 3 | (Ax® Kj = 5.6 x 1011

URTR x 97 W Y32 IN T, ©1% (0.10 — x) 8 (0.10 + x) ATSIHoTe A THA@E gE 4
TR | ... pH = - log [H;0*] = -~ log (5.6 x 10711) = |10.25|

JY : 0.01 mol NaOH ¢a17 3¢ 2 A 2w fferaa =/ sféi® (H;0+] o vate <@

e R - HCO; (ag) + OH-(ag) — H,0() + COY (ag)
eprsieaa *ft (mol) : 0.10 +0.01 0.10
ARSI B (mol) : - 0.01 - 0.01 + 0.01
2MTAR I (mol) : 0.09 0.0 0.11
PICT *R JARE G0 TS £ 31 1.00 L 403 DR SAMNIEE CIEAIR I i 2

_0.09 mol _ ) 2-,_0.11 mol _
R AN T eR [H;0%] @R Tz 3 =R
HCO5~ ) 0.09
[H30%] =K, x [[C_O323-_]] =5.6x10-1! (O'—“) =458 x 10-1' M
pH = — log [H30+] = - log (4.58 x 10-11) = [10.34

% 4, 0.0l mol NaOH J1%1a 5t (%t A1, AwIeaa pH AR—ew 10.25 (w2 10.34 TraTe wdie
0.0 “ifiel pH (ATST%; 1 ARl | UHCR I ARG Tl SgeATS [ afre] s e 31
W | @ [HCO3)/[CO?7] @7 R 1.0 ¢3¢ 9/11 ¢® (f6a-8.3¢-9) “ifaaes TR, A Q pH ARIEH
il (etR |

ANYTFS TT-8.¢¢ : RORT-REAII Feaeifefes :

pH 7.00 ¥ J39 AFS IACS F SAACS [NH;)/[NH;] &caes xgdr pH 7.0 IAFHE agfen
CF@ NH; 8 NH,Cl I@1 o1 J929 @6 fFm-wia v @, ©f it 3791 @oFtd NH; 99
Kp=18x1.05 |

THS! ; (I~ TAFA9 S [NH3)/[NH, ] SEATS ool 3 |

T : @WRY NH; @7 Ky = 1.8 x 10-5; '51% NH} @7 K, T 7

~14
K, =KK—‘; -0 56x1010; - pK, = -log (5.6 x 10710) = 9.25

: y L] - +
SR log [NHD ; 3; = (pH - pKy) = (7.00 — 9.25) = -2.25 < pH = pK, + log [NH3)/[NH,]
: =(9.25-2.25
[NH3] f 0 5.6 X 1073 (M) =(9.25 - 2.25)
= antilog (- 2.25) = 10 25— 2 £
INH;] : 1.0 (M) =7.0

e e ; i [NH] @9 6 99 1.0M (71 ¥, ©9 [NH;] &9 <7t 0.0056 M (3,
5.6 x 10-> M) 4t 270 | @ 7@ NH; '@ NH,Cl I%1 539 96 fmae e 309, Fiea-
(i) -&iFS WA K= pH MW (7.0) &3¢ pK, 97 T (9.25)—a 7iog “nd=s e (9.26 - 7.0)
=2.25, T TR @A ACEAT M 11 pH I (AF WS Q¥ ) ©IR,
(i) @7 TR @ T GFIETE CiRd SR TS I |



IFTRS RS ¢os

(ifi) SR [NH;)/[NH]] S-S Tiat I3 I @@ AN 0TS e 10 o o 5w
TATS 0.1 ¢4 (4T S QAP NIy Wity ©R &g H;0+ A OH- ST Q17 2
FR fipeet pH #fe Sra wiar & =)

* wig %f37s pH 7.0 IFR JIE & NH; — wamaaﬁﬁwmwmml

* f&g pH 9.0 97 TG IFR FIo &Fe F9t NH3 — NH; firjd 3 @b Tow fwean 1

Selection | ¥4 NH; @® pK, T 9.25 | S&*®IE3,
% pH 7.0 IR & TG AR BomA 2T H,PO;, ' HPO; SH-F18 T, I H,PO; & pK,
T - log (6.2 X 1078) =7.21 1

TAAFS FI-¢.¢¢(3F) : pH 9.00 @3 I 74 $R NH,Cl - NH; ToAmr W’I oF
ol AFS AT S TRYT I | NH; 93 K, = 5.6 X 10-10 |

MY @Wﬁmmwﬁmm[wmﬂa]wwmmﬁwm|mw
b:cmNH3wmemaawﬁwmwmmwﬁwﬂmq]?mwmmw
T R NH,Cl | FIRT IR G TS0 201

[713¢} (=)
pH = 14 — pK;, - log ﬁ; 41, pH = pK, +logm P
[NH,] | INH;] 0y
3, pH = pK, + log ——; M, log———- = (pH - pK,) = 9.0 — (- log 5.6 X 10-19)
[NH;] [NH;)
=(9.0-9.25)=-0.25
M = 10-0.25 — <
! = antilog (- 0.25) = 10 =0.56
" [NH;]

JeAe HfHe (pH 9.0) IR HAb tefits 0.56 mol NH; Siie 560 mL 1.0 M NH; g3t
1.0 mol NH,CI Jt, 53.5 g NH,CI firire 273 )

TMYTFS FH1-8.¢% : (F) FIAISER 0.1M wnfHfee afre ¢ 0.1M cfeam snftuss
faf¥® e gaew pH 011 371 (¥) T% B3t Ht SHGR 9@l F7 [Kq = 10X 10-5]
TG : (T) (O YICFRI AT (A3 ST TfA,

[#1Re]
fers]

ol K, = - log K, = - log 1.0 x 105 =~ (logl +log 10%)=-(0-5)=5 “r
s, [@134] = 0.1; @32 [918] = 0.1; 937 I I 13- R

. pH=5+log%=S+log1=(5+O)=5(ﬁ:)

pH = K, + log ; NS, W K, =1.0x 105 |

(}) WRE [H] = 10PH = 105 = 10-5 molL-! (8:)

SAYFFS FE1-8.¢4 : 25°C Sremrarn snfe afmes K, =4.76 1 4 qﬁWSOpH-aa
TR I ST TS I AW?

‘T

MY : @O YIOETRR TANFA [, pH=pKa+log[?%]]

<
r -

] 7] ek
A, log [[:% = pH - p_Ka =(5.0-4.76) = 0.24; 9, ﬁ = anti log 0.24 = 1. 738 - 117_88

e @u AfFme enfeam SmkEs 8 Wit ufe e 7@ @ s CSIWWF.{"TI‘EI%S 1.0
T | @ 1.738 mol GRS SHIFFES @ 1 OmolﬂﬂﬁmaﬁWILW‘Tﬁl\Q_\DW@WpHSO
<R IR {9 Cofd 7R |



€>o TAT-2YT G

ANAFS TT1-8.¢b : (I B FNH BAARF afire 6 A RAATAEG Tt

FAF 0.1 mol L1 @3¢ 0.15 mol L-1Zgn @ arerwast pH ffy +91 RenAfis afwen
K, = 1.77 X 105,

MY : (TS TN T ST &, A3 R,
K,=177x10-5
TR {9, pH = +lo B
PH = pla* 108 ] [CH;COONa] = 0.15M
CH;COONa CH;COOH] = 0.1M
~. pH =- logK, + log [[TI%—CWH]] LH _3 5 ]

31, pH = - log (1.77 x 10-5) + log 8—'1%

31, pH = (4.7520 + 0.1761) = 4.9281
- pH =493 (&)
ANEFFS TFT-8.¢5 : 10 mL 0.1 M Wifidw affe gatt 4 mL 0.1 M NaOH 73 et
370 Teoiw g 520 pH 3© TA? [pK, = 4.76)
YA : 4 mL 0.1 M NaOH 439 4 mL 0.1 M W63 «fires sind Rfesm st9 4 mL 0.1 M
cifeT Smfess toff ¥9@ | CH;COOH + NaOH —— CH;COONa + H,O
0.1 M 0.1 M 0.1 M

oA (10 — 4) = 6 mL 0.1 M Wi «fie wafiE At | wdie &fe (Fua Tvamal e A
GUHTE T3 @ PSR (T TANAR IS 4 2 6 I | (TIRFFA TR (A0F-

o
pH = pK, + log [—?—:ﬁ]—] = (4.76 + log %) =4.584; .. §IUR pH = 4.584 (¥:)

FANYFS F1-8.%0 : 20 mL 0.2 M NaOH F3v S 50 mL 0.2 M CH;COOH fifien
70 mL 53¢ tofX ¥21 7o | @ e gaee pH ¥ TA? [CH;COOH @3 K, = 1.8 X 10-5]

Y : NaOH 539 8 CH;COOH 7’9 ffie zwet fawset faferm <6 ¢

CH;COOH + NaOH —> CH;COONa + H,0

20mL02M 20mLO02M 20 mL 02 M

J@dlz 20 mL 0.2 M NaOH @3 31 20 mL 0.2 M afftes ffeme R 70 mL firy g

AFSATF (50 —20) mL = 30 mL ¥ 0.2 M CH;COOH < MF @3z 977 20 mL 0.2 M
CH3COONa 2t |

-, 7Q mL ¥ g3t 4 CH;COOH @@ (1 Tt = % = 0.006
«32 70 mL fire §atet At CH,COONa @7 (1o e = 9'1%’50@ = 0.004
_ [e1=el] [} MCQ-4.30 : 0.005 M
..WmmpH_pKaHog s =~ 108 Ka +log o fmTaet 7@ @BTed pH
I s 0.004 EACH [5 @, 05Y]
s pH=-log (1.8 x 10 )+logm @) 1 @15
A, pH=-1log 1.8 —log 105+ log 4 —log 6 () 2.0 (@) 2.5

ql, pH = (- 0.255 + 5 + 0.602 — 0.778) == 4.569 |
- pH=4.57 (&)



(&)

[ Cé_T.’b'goH;
. @1, 2059;
_ Bl AL R0,
1, @ 20%)]

AALTFS A8, :

() TRYNTFF ATE A 9% IR pH R A1 391 [K, =1.8 X 104]

(%) TRFT C =it Aty HCl affie @t 390a 530 pH Wit #RsH 303 391 e
AR F9 | )

MG ; () Twioe WO, NE A-9F HAfS e qdE offteR 53| IR HA «ftes
K,= 1.8 x 104 (781 TAR | 7441 HA ¢fe Qe qaed wrifTe =7 | i} HA «fSites gaeid pH
ﬁﬁwaﬁmﬁmﬁﬂﬁmwa),wewwqqmwﬁﬁwml

HA(ag) = H*(aq) + A (aq
AR ¢ (1-a)C oC oC &S, K, _18;<10-4
qrFE@ K, = 02C, JR 9@l C=0:1 M

K, T8x10- Lt
=‘/6=W/—U.1_=0-0424

AR SARE TG T8, [H+] = aC; I, [H] = 0.0424 x 0.1 M = 0.00424 M~ 7+
. pH = —log [H*] = — log (0.00424) = 2.37 (%&4)
vmwm () BT Wo, C *MaR 56t @b WA e g @mﬁmﬁmﬁ“ﬁm|
HA(aq) + NaOH(aqg) —— NiA-(ag) + H,0()" A
o TS, 15mL 15mL 15mL :
0.1M 0.1M 0.1M
T I9, 15 mL 0.1IM NaOH HAtR At 15 mL 0.1M HA afres R 15 mE 0.1M
NaA FA0R §39 TeAR TR | =G (25 + 15) = 40 mL i 7309 @F©=TF (25 - 15y mL'= 10 mL

v 0.1 M HA 4578 q03t® 932 997 15 mL 0.1M NaA 739 JCHR |

. 40 mL fir 7aeel Al HA @ e 3724 =% = 0.0010

% 40 mL R G0 AT NaA @ G T =120t = 00015 \flmr\léj fi J
] 7] \MCQ-431.: 0005 M
. oR gta pH = pK, + log g =108 Ka + 108 gy HZS&HHM pH 7

0.0015 lﬁ @t Qo)\‘a] )

31, pH = -log 1.8 — log 104 + log % (2.3 50 U
A, pH = (- 0.255 + 4.0 + 0.176); I, pH = 3.92

AR {AEI LAMBY SPAICT @ S AR JI0 A HCl GBS el 9t @ Qi gt pH Siew
Wmﬂﬁaﬁmmawmmpﬂﬁawcﬁ*mﬁwwwmlawwqﬁm@
SRRST A |

HA(ag) = H*(agg + A~ (aq)

NaA (aq) —> N2 (aq) + A-(aq)
dWﬁE}I‘TWHC]aﬁGmﬂWﬂﬁﬁ‘fWﬁ_mH+WeCl‘W2—ﬁmlﬂﬁ
I G A~ SCH S @ H S I 0 7 Ofo ey 781 HA 1o Beoy 33 | 5798 HCl 7




@3 TAF-LUT A

Bofgfore yda HA SRaifers SIgR ane | 9o & IR FId HY SRR (I Saiaie i
AfZ G B 7 T3 JIR pH WAAfRES Az |

HCl (aq) —> H+*(aq) + Cl-(aq) [4f wmaf¥e]

H*(aq) + A-(aqQ) — HA (aq) [SRcifere acs]

TRYTFS TTAT-8.% : ﬁm{ [R. @1 2059; . QL. 2059;
6

CH3COOH

20 mL 150 mL _S‘I. @, 05Y]
0.1M 0.05M 0.05M K,=185x10

Ad-A *@-B +i4q-C

() TR (B + C) e geerd pH WIF Aot 370

(®) BhieEn (A + B) fire gaeem a3 Fimet 13, ot Regwet 390

TR ; (o) TRoTFT (B + C) e 53w pH Aot

TRIF TS, B A& 6 mL 0.05 M NaOH 53¢ ¢ C-At@ 150 mL 0.05M CH;COOH «f¥e
TR | e fipgre fwset Rferm w61y

NaOH (aq) + CH3COOH (aq) — CH3;COONa (aq) + H0 ()

6mL00OSM  6mL0.05M 6 mL 0.05 M

T2 TS, 6 mL 0.05 M NaOH Hiw ¥ 6 mL 0.05 M CH;COOH «ftes Rfermz
6 mL 0.05M CH;COONa 7R3 H39 Beolqy g 1 «=iiet (150 + 6) mL = 156 mL g gaed

&FoHTF (150 — 6) mL = 144 mL 77 0.05M CH;COOH Wf$fi® 7rate | J@ak 6 mL 0.05 M
CH;COONa % 539 8 144 mL & 0.05M CH;COCH «fF1tes fire 53eift @b w8 3o 7 6 |

= 156 mL i 5=t @t CH;COOH ¢ (T eyt = W = 0.0072
@3¢ 156 mL e G304 AF1 CH;COONa < Gt et =%‘(§)—5 = 0.0003
=] [#1]
<. W8 IR 747, pH = pK, + log Tom = logKa+tlog o
e ~0.0003 R T,
+. pH = -log (1.85 x 107%) + log 55077 K, = 1.85 x 10-5

¥, pH = —log 1.85 — log10-5 + log (0.0417]
1, pH = (- 0.267 + 5.0 — 1.379) = 3.354

-, TR (B + C) fisl @ pH = 3.354 (¥&7)

TR : (7) TRIT (A + B) e} gaeew afs e

THE TS, A 97 5394 A 20 mL 0.1 M H,S0, 399 e ¢z B @3 839 Tl 6 mL 0.05 M
9% NaOH F19 53¢ | Teraa iy mave fmanst Rfesn <6 .

" H,S04(aq) + 2NaOH (aq) -—> Na,SO4(aq) + 2H,0 ()
- 1 mol 2 mol

TR TS A TW, HpSO,4 ¥ T NaOH @3 (TR IRl 8 SRS ToRR I ©ITR | SRR
298 NaOH «= GIfet =ffieea o 78 33 1ot <451 wfe? Ffigrems =3 |

W@t &, 1000 mL 0.05 M NaOH #’9 = 0.05 mol NaOH

. TS, 6 mL 0.05 M NaOH & = 200X _ [6.:6003 mol NaOH]




ITRET A3y &>

SR, 1000 mL 0.1M H,SO,4 &3 = 0.1 mol H,SO4

. &S, 20 mL 0.1 MH,S0, 5 = 21X 20 5665 o 50,
1000

Tocare et fifdra sTliead wee,

2 mol NaOH = 1 mol H,S0,

~ 0.0003 mol NaOH =1 0'0303 mol _ 6.00015 mol H,S0,

. @78 NaOH FIH 2Te o7 SJf2 H,S0, A
= (0.002 - 0.00015) mol H,SO,4 = 0.00185 mol H,SO,
(20 + 6) mL = 26 mL fi 53t 0.00185 mol H,SO, Sf® Wty |

i H,S0, @3 & Aean
-, @ iy g3t H,S0, 93 s, M‘ﬁfmwww
-, CIETIRM, M % = 0.071 molL-! (31, M)
. TR (A + B) iy 557 ofS 2@ 0.071 (M) H,S0, <@ wftw 5 | (Bm) |
FTYTFS AT1-8.00 : BRI T 71417 39| [@fey QRIE 2 (F75-F) 03]
i il
S5mL0.25M 15mL0.25M . A+B
—
KOH 734
A B C

() TRTFT ‘A’ AT FITR pH A 39 | [Ka = 1.8 X 10-5]

(%) Siterz <C’ ATaT Je A HC1 539 @1 709 @ FI0R pH NITTT @I iRy
X601 37 ©t nfafswens Ry 391 ‘

T : () Tl TS, ANE-A G FIB T GEA BT 539 | IR &wE CH;COOH «fSites
Ka=1.8x 10 ¢l TR | 741 TG gaedt e wImfe zeam «mist qdet ofes pH iy ware
<fres Rearem Affa (o), SeAITES TP TR TR A F90e 3 |

CH;COOH (aq) = CH;COO- (aq) + H* (aq)
AMRET:  (1-o0)C aC aC
aeHLE e e $99, K, = 02C e, K, = 1.8 X 10-5

. ,Ka [T X103 QICHE g9, C=0.25 M
So= c=N\N"035 = 0.008485 ,

SRR e afiely fRearem wrs, [H*) = oC = 0.008485 x 0.25 M = 0.00212125 M

. pH =~ log [H*] = — log (0.00212125) = 2.67 (®&%) i

TG : (]) Thiow 70, C A i 534t 2ot s sifimne 5/9e KOH '@ 3% <1z CH,COOH
R 3 find 739 | T et sy epifire 2z «BifRIm SHBTES e zwTR @3 SARE KO &
fiveeet e oft @f6 KOH @@ 18 3t 2wz | 5@ %19 KOH 734 @ CH,;COOK 734 94! (3l
sﬁhmmﬁﬁ?mmmqm@amm«ﬁwﬁawmqwma | qCFT KOH
A g6 A FE |

CH;COOH (aq) + KOH(ag) — CH3;COOK (aq) + H,0 ())
5mL025M 5mL 025 M SmL025M

TANMA-T (TAH)-34(F)



@58 TIR-IT A

qw:cmﬁamﬂwm(ls+5)nm=20ana20mLﬂﬁzsuﬁa‘ﬁwKOHm
IR = (15 — 5) mL 0.25 M 539 = 10 mL 0.25 M 1 fejeem sres 3fa «eam, @ «gge 20 mL
KOH <7 S=Sf@at M 4T3 *I1R
_VyxM; _10x0.25

Vi X M; =V3Xx Ms; . M; = v, = 20 =0.125 M

et KOH 39 %18 263 «fs 53t <4 S 20 0.125 M OH- S evty 37 |

-. pOH = - log [OH] = - log (0.125) := 0.903

. @ HIF §A94R pH = (14 - pOH) = (14 - 0.903) = 13.097

TRl TS ‘C’ Slicad i §ad pH = 13.007 | 9% Fa0t STy HCl §39 ctel 99t @ @ HCl
FRC’ A KOH gateR =it R 3 #1f ¢ KCl 7R+ toff ara | ¥ ffdrs HCI qfrees
sifaaed ¢o1a (383 T fiy 73t pH @@ T FR |

KOH (aq) + HCI (aq) = KCl (aq) + H,0 ())
ATIYTFS F1-8.98 : FAT6R TP AR AT TG F2 1 [5. Q1. 2055

(1) BRIIFT 7R GO ePIT GAAPPR W 7% MR T o ——— ———
I, TN I | HA NaOH
50 mL
0.1M

(@) ReTEn Fadt 7R Bt (i) A HCL ' (i) @ siRmmers Y
HCI cait 33t 2ifsreta pH Wt 1o <13 7 ;o Reyad S
391 K,=18 x10

TG : (o) T TS eqws «fiie ‘HA' @R K, = 1.8 X 1075 6T <t = o ikt afFie
(CH,COOH) | NaOH (el 5% %13 | 39 T4 MEI2CHA 8.5 WU (V) W el |

AN ; () TAloea HA T g woifiifs «ffte (CH;COOH) 1 @ «Fited 50 mL 0.1 M &3t
e ¥4 NaOH &7 30 mL 0.1 M 539 fiféfe 33 574 NaOH @@ e Feifisidt CH;COOH e
fafeF 9 30 mL 0.1 M GTfSa Spifiss #12et @ #A1fN Teog T3 |

CH,COOH (ag) + NaOH(ag) — CH3COONa(ag) + H0()
30 mL 0.1 M 30 mL 0.1 M 30mL 0.1 M

QT e SIS TE (50 + 30) mL, = 80 mL «d2 «¥ 80 mL BT SRFE &Ws 0.1 M
CH,COOH «f¥® @My = (50 - 30) mL = 20 mL | ¥941 20 mL 0.1 M CH;COOH &9 831 8
30 mL 0.1 M CH;COONa & fird 73f6 @b wiln arer 53 29

- 80 mL i 5Tt Qe CH,COOH @ GTet e =%8‘—1 - 0.002

@92 80 mL fi 52t 4 CH3;COONa ¢t (I A =%'—1- = 0.003

il #3
. SRR AT mm, pH =pK, + log I[Ei]- =—-logKa+ log lﬁﬂl

~. pH = — log (1.85 x 10-5) + log g%%; (ReTl WIE, K, = 1.85 x 1075

1, pH = - log 1.85 — log 10-5 + log 1.5; A, pH = (- 0.267 + 5.0 + 0.176) = 4.91
-, TIeITEa Bae 7o e Beoy SR @R 530 pH = 4.91
- (T)-3a(R)



TS AfTET eS¢

(i) @ PR FIAA AN HCl 739 @1 F9e51 pH Woifaafe® Azq | 3199 aw@ba pH 9 4.91 [
A CH3COOH «ffited pK, @3 Wi 4.75 @3 ISR @32 = 1 pH @ TP R | O qUHE@ ITR
e gt pH 5 A1 1

(ii) g f ARReR HC1 it 3991 @ IR BTk IR (A8-3 SIS ¥674 | T reid forat a1
T FS! SR IR | O @7t I HCI @R IR0 693 f$3 901 @ Jaueid pH Fa0e At |

AMGTFS ATI-8.9¢ : Feoa Thiorw AP evez sty 32 [2. Q. 2055

() Tiroen g3<t qfow feee® pH R W pH @9 1.0 [———

- 10mL 0.1 M
51 HCl 739 et 2fFs 341 TF; ©f [eswe 33 | 00N

AT : T T 13 e e @ofs wfy IR g9 | Ko = 1.0 x 10~
ey F(F | e «19 fites sees 1@ =(10+5)mL =15mL.

. 15 mL i 5303t A H-COOH &3 CN1¥ eant =1§)+08'1 = 0.001

e RS
5mL0.1 M
H-COONa
7

@32 15 mL ¥ 5209 9t H-COONa 3 Giet et =% = 0.0005

.-_WRWPH=pKa+log%]]=_log Ka+log[[j%‘}]

S~ pH=-log1.0x 104 + log%%%; <, pH =-log 1.0 —log 104 + log 0.5

A, pH=(0+4-0.3)=3.7
1919 [H+] = antilog (— pH) = 10-PH;
A, [H*] = 1037 =1.995 x 104 = 0.0001995 M = 0.0002 M
«TF@ 0.0002 M H+ Beoig -3 0.0002 M HCl 534 (273 |
€39 0.0002 M HCI 53 &% : fawg HCl @3 9viat 12 M =3 |
oA 1.0 FB1 J, 1000 mL 0.0002 M &g HCl 34 %8 3909 12 M HCl @7 V; mL &
Y | FAR AGFAAT FE WS 41,
Vi X M) =V, X M,; 3, Vyx12M = 1000 mL x 0.0002 M

v, =’1000 mIi,2>< 0.0002 = 0.0167 mL

TSR G o SRS FITF WINFI0! PEE et it PBiesitsa = 0.0167 mL 12 M HCI
A «g g s A @ T WwST FIER AR <A A o S T @R FIET TR A B4R
e Refbes AT TG 71 27 | et K HCl 539 &FS 391 T |

ANYTFS TT0T-8.40 : &WG ThI%F TN : HA + HyO = H;0* + A-; arwea afrefiq
K,=18x 105 : [5. @ 2034]

(o) TRio® TS, 0.1M TR HA TS e pH o <61 |

(%) Tierea afrefba @b e g0 tof It R IR fE R %9

TARH-OT (TEAF)->9()



(@ ") - A

YA : () 0.1M HA 730 pH et :

TWYe e HA T 496 4 affTe; IR HA «fftes K, = 1.8 x 10-5 @t TreR | iia e
AR 70 MLHFONT TS T | SR STSITTA YA Id e HA e Reare «(fq=ied (o) o=
IR «fTe Fae pH IR I A |

HA (aq) = H*(aq) + A (aq); & s,

AT : (1-a)C oC aC s e, C = 0.1M

qUETs @fiTes K, = 02C K,=18x10"3

K, _ . [T8XT07
= ?= —m— = 00134

WA @R TR Wo, [H] = oC; 1, [H*] = 0.0134 x 0.1M = 0.00134M

. pH = — log[H*] = - log(0.00134) = 2.873 (¥:)

(X) TRIviea HA aftes e 53 2Bt

TS e HA «affefb véa affte; I «fited K, = 1.8 x 10-5 o781 TR | [odR @ 4Fited
MR 9 HE @A NaOH @7 7139 NaA & 539 THE (TR AT (@O Taead wre [fEe 3w
fAfi® pH g& SH¥ TR G349 &F© I L |

@I AN TS, THE TR G pH A 3o afe ‘HA’ 93 pK, Mwe ISR 2 |
(T3 GoRIS T log [F9]/[o18] @9 T (ATF WA |

TlofF AT, pK, = - log 1.8 10-5 = 4.7447 T | €347 5.0 pH &7 I&R 739 (RO T
T PO FA A |

e SR, g = K +108 1o i ffu
3, log ﬁql = pH - pK; = (5.0 — 4.74477) = 0.2553 g));) e gg :; .
[, log [[I;Iﬁ]] = 0.2553; A, [[I;I{ A]] = anti log (0.2553)

oA 1.8 molL-! NaA #Rrad 39091 AN 1.0 molL-! HA ¢ g9 fiffre = 5.0 pH IFH
739 2FS 31 =N | pH fioR widt +19mw 3 e 267 ¢ofF oo 1% §3e pH 5 TR |
R foFa U
3R SR IR FRATe Samiey fRRaet SRfTe SgR A
HA (aq) == H* (aq) + A~ (ac) (Y7 4F¥S; w1 Srfe 27)
NaA (aq) = Nat (aq) + A~ (aq) (IfF #7134, =i srafie =7)
(i) SEarR afSe It H+ SIE et : o WAy e 3t H SR @ S8R I 30 Q@i Fh0
O g8 H SR BAER TSR A~ WA TN T6 W 931 77 SR Resgy HA &9 Beoiyy 9 |
H* (ag) + A~ (aq) - HA (aq)
Teory W7, «fTe e SfER Ry NaA @7 Eoififers 7oy «Afimned Reanfere ans | X @ g2

2ms BT I HY S 71 pH «F [Reeg 2R 16 a1t | sidis I gaeed pH SeifRafes A |
TIR-5T (FAF)-39(F)



IR offads ' @da

(i) = WA W A OH- R ACAM : A 1 5394 I OH- SFA T IFF JI0 @it
FA0, ©f AT 730 M H Saea A 3% T H,0 99 Beoig 303 | % 181 HA «Biss g
AN THfACE T3 e H e ofd 3@ Rfdage HY SINeR 9oR 9@ IR | G IR J30d
H* Seee 9ial ot pH 3 W1 9+1f33fds s |

OH-(aq) + Ht(aq) —» H,0()
HA (ag) = H*(ag) + A= (aq)

SAYFFS FPT-8.04 : @I RFITT 50 mL 0.1 M BOH FR 53 IR | o1 @3> R
AR 0.1M Tia R 150 mL HA «ffre 3¢ | HA @7 K, = 1.8 x 10-5 |

(¥) Rrrmes gaats fAl¥re s e pH 3@ 23? (¥) BOH 13 330 pH 397

AT ; (3) R F17 @ @f¥rer gaaee fifffe $aw1 50 mL 0.1 M BOH #i99f5 50 mL
0.1 M HA 3 ¥R fAféFas 50 mL 0.1 M HA ¢fites =) (BA) (@ I | o= (150 — 50) mL
=100 mL 0.1 M HA 456 53ttt Seifire g | widie 7174 @ ftes et Iiae Sqgeite 9
5021001321

BOH (aq) + HA (aqg) — BA(aq) + H,0 ()
50mLO01M 50mLO0.1M S50mL 0.1 M

= 5
@SR AT 708, pH = pK, + log [[:;'3] ﬁﬁdﬂi;lt; I;;{ _1;8 x 10~

ql, pH=-1log (1.8 x 10-5) + l‘og%

3, pH = (4.745 — 0.301) = 4.444

. e pH 7 = 4.44

YA : (X) TH=ItE3 BOH T G 39 1R 53t n@iuﬁuwmﬁwﬁwmu
BOH (aq) — B* (aq) + OH- (aq) -4..
0.1IM 0.1IM

. pOH = - log [OH-] =—log 0.1 = 1.0

.. 539 BOH «@ pH = (14 — pOH) = (14 - 1) = 13 (&)

FANYAFS TFG1-8.9% : (F) 4.0 pH @ J1TFF g3<t 0ofA FaTS 60 mL 0.05 M T3 afre

F4 Fe mL 0.1 M G ¥ 39 @t 39S T3 | [HCOOH @7 pK, = 3.8]

(%) TR FRBre H SR iid aiat 3357 . TR QL R0d4

Y : (IF) @A A9 WS, pH = pK, + 1og%f}]

Wt #R, x mL 0.1M GAifeam Tt (HCOONa) 2Tare |

~. x mL 0.1M HCOONa #t9d 534 HCOONa R CIIFed = 0'1—1"0’(‘)—0’“—"1

= 0.0001 x mol

60 mL 0.05 M HCOOH «fs et HCOOH <& CRIeFiea! =% = 0.003 mol




e TIRA-AN A

TS, FA9A pH = 4 «&2 HCOOH «fited pK, = 3.8; 94 W Taeten P 41,

0.0001x 0.0001x
4=38+log 503 > Mlog5 03 =“@-38)=02=log 1.5849

i 0.003 x 1.5849 mL
91, 0.0001x = 0.003 x 1.5849; .. x = 0.0001

-, G AT TS = 47.55 mL (2417) (B:)

MY ; (F) TAT IR FRABA H+ SR GNAR JAqiat et

Twl#@ WO, IPR HIF pH = 4.0

&t =, [HY) = 107°H = 104

. AP BT H WA (R 9@l = 104 molL-! (8:)

TMYAFS TFT1-8.65 1 0.25 M BHIRE afTes 200 mL 73t 3© a1 @Ay {9’
fif¥e T gReifbre H;0+ 97 ¥t 1.5 x 10-5 g. jon. L-1 21 | (Ka = 1.8 X 10-5) |

= 47.547 mL = 47.55 mL (21)

o

YT : IR IR @O ANFAA WS, pH=pKa+log%

[eret] ' P
1, log i (pH - pKy) = (- log [H30%] + logK,) =— log (1.5%x1075) + log (1.8 x 10-3)
3, log % = (4.8239 - 4.7447) = 0.0792
a, T g 12 - [ = 1.2 (W] = 1.2 % 0.25 M'= 03 M

o = log™! (0.0792) = 1.2 . [FRt] = 1.2 x [¥0H] = 1.2} 0. = 0.

5 1 M ¥91@d 1000 mL H3te GRS RIS AT =82 ¢
0.30 M XA 200 mL G304 GG 2RAAES m_82x210(§)0>(<)0.30g=4'92g

. GRATS 4.92 g AN BACAEG 1%t I9TS TR |

FANYFFS FW1-8.90 : Ffb FIA N erer3ba pH = 91 qoiat Wy @5 IFW F34 93
o3 NaOH %3¢ | Offt 53 {fbte FrehR *Mie FA07, ©f I 39|

Y : IFR JINR AeGal W0, ToF JRUR Y @ JIA IS @61 57991 0.1MHCI «afre w2t
IS @51 0.1M NaOH 739 @iot 3301 393 pH W wffEe A, ift 21 %19 539 | #49
7Rfbte Fre @61 0.1M HCI 31 0.1M NaOH 734 Q@1 I3 @ FIR pH W INEFH I ¢ I
F& G TAINaOHFIA |

) ér. !\.

A Sk SRS BASS T P AR (RRI o —— e
8.58 AFIA TN ; I T {4 (ofF 8 97 FILFIFSt gt T
TR : FEEE IR Cofirs v affemt cifas IRFEES (NaHCO;) € SR FREA
CIEH™ IS (Na,CO;) I I TR | _
«“iff=E=t : pH 10 fRf*® 0.5 L (NaHCO; — Na,CO;) IFE J3¢ T F71 27 |




IS AT &S

TSN AFTART *M1e ; (5) NaHCO3, () NapyCOs, () Afe® #1f, (8) @19 HCI, (¢) Y
NaOH 534 |
STaTETR TEAS : (5) B 500 mL R FE, () T, () R T,
(8) &R @S, (@) pH B, (v) Rem |
FIOR 413 ; (3) AATH 500 mL CTER FH 0.20 M NaHCO; tof2 311
1 mol NaHCO; = (23 +1 + 12 + 48) = 84 g NaHCO;
. 1000 mL 1 M NaHCOj; = 84 g NaHCO3

500 mL 0.2 M NaHCO;, =ﬁ%’ﬂ g NaHCO;
= 8.4 g NaHCO;
() FRFTE TR 8.4 g NaHCO; $&F I 500 mL FITF 534 —
R fb@-8.24 : e JTH
() eaTeRT R A NayCO; @3 Rt e : Lt el

T e 8
HCO; (aq) + H,0 (1) == H;0" (aq) + CO% (ag); K, =

pH 10 <@ Ff¥B PR BoMA Tl WeATS 71 (AC (WRA0S CO3~ WA At Na,CO3 9% (i

[H;0*] x [CO%]

[HCO;3]
y [Coz_] =K, x % ~ pH =-log [H30%]
2 = %2 TH;0%] : -
5.6 x 10-11 0.20 [H;0*]=10PH=10"10 =1.0x 10-1'M
X 107%) X
- 10><1)o-1<(> ) * R3S I ¥ pH 10
=0.112EM . HOO; @ Ky = 5.6 x 10-11 [+RFNE A care]

;@A 500 mmmwmﬂn Na,CO4 TR 754
Na,CO; &8 (NF A = FALHR Wew (FB1a) x NayCOs @R e (M)
0.112 mol Na,CO;

= 0.5L g8t X~ P S0 = 0,056 mol NagCO;
-, ST GFTF Na,CO, @@ &7 = 20 & Nazf%zo’f I?Igsgo?d Na,C03 _ 5 94 § Na,CO5 (&)

(8) @ 5.94 g Na,CO; RfZ FItTea war a1 e |

(¢) e 500 mL FITF @& FAt 5.94 g Na,CO;3 (F
FIAER AR T ZE | 7 @S I 500 mL 0.20 M
NaHCO; R3¢f6 @ FITTeed T (617 T8 Na,CO; F FF
ZAIST 39 TE | 0.20 M NaHCO; H3% oa1 i Fiees
500 mL e 3 T T | GHRA I PR [ AFS
F A N

&g TR 7 pH ~frw : pH BB as@e
probe (¥ RFII T 200 mL &FS IFIM gt R pH
fibim pH w9 10 fafSe e o1 | SToaik oS AT AR

U e —
- &f¥re pH e =R | HAE pH 48w |



@Ro AT oA

LTI il : AR KPR @R 200 mL &FS AFR G4 2 mL 0.1 M HCl «Bre 74 fific
pH 1 pHIM 10 fife =itemt oot | Srgereiea 23 R 200 mL e 73 Fiw @ IR e 2 mL
0.1 M NaOH #1% 534 fffiey (et ootet «Rime pH i1 pH W1 10 R ek 1 &g 1410 3o gaet
S HCI ' S8 NaOH &34 @1t 3217 #176 pH @7 ¥ 33 AR 2ge 010 IR Frfsfier aufte e |

fifes tor vl fifdmm, e T, IR cvm, TR P oo, Saealie ¢ TETERe Rawa
pH @ I fage st wrere awgad |

8.5¢ WIYA S pH
PH of Human Blood

T TS G (AR SN S St SN 156 @ SIwa PN FIO! SR | 7 FT SIS
e e TS Ridrr etz 3 RSy talRke armfRe s g 3@ |

oed Ry oo “mnda wyg 7% 93 Tp? AW I WS IRIEE -G (fre TR
fRmpa | FreifR® WTEW 7S pH = 7.4 [pH range : (7.35 — 7.45)) 93 FIRFIE AT | B TS T
w1 o3 I FIT

AE] TR pH (AT 0.1 pH TBAB AR Mo iy aeeat 76wt SiHees Afaz g

0 | O 089 pH (P Pt 0.5 97 @ +ififFe zre e 1eb1o 2w | ot iy et 7ok pH
R TN 7 (AT 7.8 G Y 7SS 7o oiew | ['/MAT‘O"@

* (i) RS A& pH TH 7.45 @9 @Y e @ w73 ffeen e seififte (alkalisis)
T | SRS AT S AN G B AR [MAT | L-]7)

* (i) WEF 0T pH 7.0 @ 39 A 9 T3 Hfden Ream afwsifs (acidosis) 3t | 9
GPTCIPET S Foq T 747 T @I (o1 IR ASFE SToes 1 (Il (coma)
SZR b (@O AR |

RIG(s ] e : e e pH frmd afFan e arer Pty aors ¢ smrrene

TIES | AN T IRIIEAS T, mm@aw@mma‘(v){mmutﬂm-l%@
I TS AT BB (HPO] - H,oPO;, ; @I HPO), «fiTted K, = 6.2 x 10-8; pK, = 7.21)

mwwﬁanmﬁWwﬁawmww—mmmmﬁwmﬁmﬁ

mmemmﬁnmﬁawﬁ—nwmdﬁmm R WA @°R (@5 I el

e 3 | RoemaRe g =i =i wden «fe R (35%) aem a7 pK, T ear 7 |
fReeafe TegB ARl oA AR - I GBIE AR - T TR AN (2%) w7 |

* (5) MEA IRFIAD TR TP : TR T FFA AT WRIEAG-IAS «Fre i Biosw
(HCO4/H,CO3, pK, = 6.1) 1| «f6 IRLFIT e IS Ao SAR Tora wwrgeyd g By |
R IS e Reaes fNEsme

HyCO;3 (aq) = H* (aq) + HCO; (aq)
[H+] X [HCO31]
Q\Q\ ~ K, =T03]3 (K, = 7.9 X 10-7]
K, X [H,CO
< [H*] =a;{é—ozj3] pK, = 6.1

. [FRe]
31, pH =pK, +log[[HC3} § pH=pKa+logm




IS RS @D

GURLG AT A S ARFIAT WHA (HCO;) 9 ¥ial FeMl &8 24 m mol/L 3 I
af¥e (H,CO;3) @R Tl Sdie CO, 99 T FALF A e CO, MCR SfF 519 (40 mmHg)
R G RIS Qe FIF WA QAP T | GUHE@E CO, G JIRIS! @94%e 15 e 0.03 |

- el ©9E HyCO3 R 993i@l = 40 X 0.03 m mol/L = 1.2 m mol/L

¥ W1 I R, .. pH=6.1 +1og1%= (6.1 + log 20) = (6.1 + 1.3) = 7.4

* () W IRIIAD AT fFw @ (i) S THSAOT AW T[& QOT : THSO I
T e (T T A= LA T AT GFE St 739l (4Nif¥e e wdfie Ht SIRW & 20 of HCO,
e = e fRfer wpie aefite =7 |

H* (aq) + HCOj (aq) — H,CO0; (aq); Ty sl 317 «fite (H,CO4) 7 Rraifere T
*ff @ CO, MM et =7 | TIFER MG WPUBT CO, TF W |

(ii) FTE FR TS AT TS e : TR FRETSIN AW I G§Y ATINT T & OH—
O 3% corte feare fRfe aimi ot epfte =11 OH- (aq) + HyCO; (ag) — HCO; (ag) + H,0 ()

G| SR ARIIAET FAF fTe IR 739 084 pH = T 7.4 97 Wy Fafge an

* B (¥ 7] 6FY BIRCEDHCH AW 8 TGRS NHIAALR AT F1 T, ATHAS NSNS Lofd
I T W, A G TTRIER TS GV AR (IR TR [H;0+) A ARET (g @12
S pH-97 FIAKA RS 7 617 |

TNTFS HN-8.9) : TSI AT GG 8 @ GFIea aEd RS A, AN TR ST 0.05
G2 G pH W 7.4 AT | G ey e Fietor [ 5 Som o6 @9 @192 7 99 FRed
Sy ST 894 GRTTR 28 TS pH MR (I ATRIS €6 1 | [@. 1. 2055; 3. @, 03]

() TieE TS, TSR fmpe e «fiefba K, @3 W g 99

() THIAEa SIS A0SR pH TF 33 A @t Rome 99

TG : () TSI A @Prefba K, 97 7 fefx

Taiefe WTo, TG AR iEa el e e e (H,C05) 992 97 Had #igs 2@
ARSI S (HCO3) 1, @1 #13e0 Xeel G IRIECB #139 (NaHCO3) |

& e, @fFe ¢ FRATT Tgere wdis H,CO; 8 NaHCO3 @3 S9N@d SigaT® = 0.05 «9 TS
pH = 7.4 | QUF@ I R (XOTHF TSR TS,

39 MO
pH = pK, + log lﬁql ; TOAR LB et TP AR— M

7.4 = - logK, + log 01—05 9(: 735 ,
A logK,=-74+10g20=(-74+13)=-6.1

1, anti log K, = antilog (- 6.1); 31, K, = 0.000000794; 1, K, =7.94 x 107 (¥e7)
MG ; (]) WS pH T 57 A= @Freiey

A-8.5¢ A () FFA AXFHECAB IR AR @ e |




@R TARI- A

- (M) 25 mL 0.2 M mcf 20m,onNa0HHchﬁwmw|%<ﬂawmqa
pH F©? Ka—l.O -5 [®: 5.60]

ATAT-8.25 (as) w a"?’m pH 10 40 T:ﬁT? NaHCOj3 — Na,CO; ¥ q39 4F©

[Ka = 4.7x 10-11] - P [¥: Na,CO3 : NaHCO; = 1.20 : 1.0]
(ﬁ)40pHWWR°IWW60mLOOSMWﬁ?F uaﬁwmchmLMM
mﬁ%wwwﬁmqmﬁwmr GUFT pK, =38 | &, © o [®147.55 mL]

(7837 : qUFTa 37T FAFAAR [79]/[SF] @3 (F@ x mL 0.1 M HCOONa @& Gl Hel
= 0.1 x x(mol)/1000 = 0. OOle mol €32 60 mL 0.05 M HCOOH & G He4J = 0.05 X 60
{mol)/1000 = 0.003 mol]

(*) pH 5 WWR‘T&&Z‘W?WW&%G mﬁmiwawwmﬁ@@
IO, S A I pKy=48 1 [8: @ffe :sRet =1: 1.6, 0.63: 1]

@54 : pH = pK, + log ([-ewﬂ/[w]) A, . 0-48) = log ([aacﬂ/lwl) 41, 02 = log
| (FRell/=@]), antilog(0.2) = [FrRet]/orH] ih
, (9) @ AR g2ed 0.1 mol L—l XA RRCRSE e «d At 0.1 molL-! mf@szrm

mmm%wtﬁ*mwlawmmmﬁmmm =18x10%) - [e: 475
() (T AR JITA BAAIRS TS @ AR BATAHGS J=w1al FAHC 0.1 molLl~! @3k 0.15
molL-! 2 @WW‘I?pHﬁ‘TﬂWI?WW afFeed K, = 1.77 x 1073 | . [®: 4.93]

(5) (Al AT [acd 2”AARS Wfires 9= 3@t 0.10 molL-! 93 ETieas iarrc:mcﬁa BoR)
0.20 molL-1 &R | 2R aﬁmKa=180> 10-5 2 @ JIFIF HAeE pH ¥ 203z [8: 5.05]
(®) aﬁﬁmﬁaw@ AR GPTea TG 0.2: moll-! @ae GTIfSHTs JLTETES. Tl

0.3 molL-! | BARIF &Fea K, = 1.80 x 10-3201 & IFH Fawed pH % 74 1 [®: 4.92]
(@) @I G A A 7309 NH,OH 41t 0.015 molL-! qar NH,Cl Stz 0.025 molL-! |
@ AT el pH 9% X2 NH,OH B30 Ky = 177 X 1075 1 [6: 9.03]
() pH = 4.6 [Rf¥? =B w7 739 ope q0e @ TS Cfers spfss e wififts «fie
fimire 20a ©f e 99 | o SR, pK, =475 1 [8: =12l ¢ @fTe = 0.708 : 1]
(%) 15 mL 0.15 M SU1i%% @B 53eet 6 1L 0.15 M NaOH Faet el 341 201 | RfEs gavea
pH ¥© TR [pK, =4.76] [8: 4.58]

(®) 1.0 M CH,~COOH R34 M4 grremm CH;—-COONa @17 34 4.95 pr Ui

I {3 2FS A1 T | AR [0 CH3—COONa @3 gt s 71 | (pK, = 4.7447) 1

b5 i [@ 1.604M]

() 1L smeeg 1 M CH3 _ COOH mcm ‘qm 0.305 L. CH3 _ COONa @it =7 4.23 pH
mewywm | Wmcf CH3 —COONauﬂaﬂWﬁ‘fﬁW | (pK;=4.7447)

: [B: 1.0M]
(%) 50 mL 0.175 Mﬁmﬁﬁi aﬁv mct_.-.oi_mL 0.09 M 375 G §94 (171 9T P B3
e@@wmumqapﬂwmmmwK =18x10%) Rt [@ 377]“

(U)5pHW®ﬁWmﬁmmimﬁ§aﬁmeﬁﬁm3W®wmﬁmm
T (K,=18x%x10% = A [®: S : 7=l = 0.555 :1]




AR oS @0

8.50.5 F VAWM pH 97 ¥FY
Importance of pH in Agriculture

IR BeoAia @ Mftw pH Frme wwgd | T47 Mo wroyge pH AR 6.0 - 7.0 = | Sfered
Bfee & @ pH Te | WifSe pH @i B T g 2R ARAAFT WM (AT TSR A7 &=
IACS IR, T 7 | pH @ T 3 R G I 20 wie TS ks Wl e e WA I | @,
aﬁwqﬁawmmnﬁmwwmmﬂmmﬁmwaﬁmq&mlmm
e Mo 57 (Ca0) @ CEMIZE (CaCO3.MgCO,) &%t (R *7 & Wfba pH 3% A | w1 & wifore
5%, B3I, BRI B1¥ 31 8 R | WRAR PRI WbA @8 MbA pH &2 W 9.5 7 BeAwm 7 Mfba

4w AR 28 | ST @4 B B4R TR WA A R | T Vo-1T]
* b7 w9@ I’eR =S pH A 6.6 - 7.3. Rivg W@ Mba Tt g o N,S,P aner
QAN @3 |

C m&ﬁwﬁrﬂﬁammﬁmgﬁmmﬁmw3~9.5~aaﬂmw
W= [MAT 22-23% ', DAT)
Wi())w@fmmpnmwmzwmﬁmewmﬁwmw#mmwm
@Bl (CaCO,) @ GTANIZG @Yl [CaMg(CO,),] TIZ® T | SWoRMCS (3) WA Wda pH INRE &)
fafSx FRE@D M4 @, KNO3, NH;NO; ke w7 AR @t fB. . 41 I TR F7eees,

Ca(HzPO,,)zB PR TS 9] IS W | ww@mwwmm

[Ca(H2PO4)2 H,0] 8 f&opiw [2(CaS0,4.2H,0)] T fiee |
$ (DAP) [(NH,),HPO,] 776 sm«df
MM (pH < 7), ®14 (pH > 7) '8 feers =6 (pH = 7)
TSR (I ATONA PIA T4 T | O W) FHFS AR

el WA pH TH IR CF@ S 164 |

8.5V} TR Il pH @7 o7 g
Importance of pH in Chemical Industries

Aty Py efirrme pH 93 S wwrge)d ofiat witg | {feq oqy Beomew, FftT== 1 frew
AT SR Bemt, @IfTs, e wre fitny egfere pH «a area e I w1
O SIS | @ QT SIS Brife, A s exgfore, Jfo@ A pH @7 fRaad ewrgeyd |
iR fRITeT TR T (/TP FAR 3t B B = G pH frea i =7 1 e fBf 1 e =g
o e T 2Feit B widie ATEER w ¢ FHE FAER I FLHITER TSR (inversion)
Y T | FIATLA TR e @ viffie Fite oy ©i A1 wensa wat 143 iere Seome RSy pH W= Rfeg
AWTFA (FER e IS 27 | IFF pH T et T390 71 20 5-Fioirgn #fe 20 | qvIgt I9eR I,
qIg M toe1-co ! elferar eTeiRe Sfie A, fg 39 e ETP-cS pH WiN fagd sors
awgeid | 3o fieg 3mi TR pH N 6 — 6.5 AT | 51e! TnfAr pH T4 4.0 - 4.5 IR = |

8.5v 0 Surafliw Tesiwts pH @R v g
Importance of pH in Toiletries
IEANH SRS Fo10e BRED FARI, >, @F-97P @ FUusrs Tonfare @ARm | @ 31 JI=al *ed
Q@ TR B 8 [T (NG ~AfF5d «ae Yo foer wre-nifta «fivdin I3ge = 1§93 Mz st
T St AT | =Tl AIRCER woTR T, ©IRA, FIFERAPR R[Sy @rGRI9T e efstaiy
FE) amﬁﬁmmﬁ@mﬁmawﬁnﬁﬁmwlwmﬁwwmﬁww
G 471S (e e e G (sebum) NS 00w WOW id AReGLFA (epidermis) A T




PH
3(—— 2.5)
C~%)




Sk = 4-55
PRy =55-65
@38 TRA-ER *fd

«fffe S17a9 (acid mamle)qﬂmlwmmwpﬂmmme&-\ss AR
QT | T -3 R PR @I G pH TAF @ (6.5 5.5) AMF | SIS FET-qree-iiT.
GRRA AferT sifFe zaf | St TE CNRT T4 @ RGLFA pH 97 @ 4.7 = 5.75 @7
YT ATF |

MR 9 FTC-ARAID QR T ITR AN FPTER N0 AL T8 91, G INATS! 8
TS AN 971 B! A IR | OIR R PRI LI I WA B A GLaR NS HS W |
FI6! AR, CORTED ¢ ITFAA (R AR NYF #17 AE, 907 53t pH N
11-13 uamwmmﬁwwmuwwmwwmmmi
@wwmpnmﬁfﬁﬁmmmwmw T,
aA (I)Wmmqmmwwwpnw 5.5 Q ANCS I | GUFS 1D
T w&zﬁmw%ﬁﬁnACEm&mﬁﬂmwmmL

I (ii) TP FFR AR pH T 7-8 49 T4 A1 W |
-9 (iil) RTFR *™TS pH NN 5-7 04 A 27 |
" 4 (iv) @P-GTM GF T 6-8 @8 T AN A L

Q (iv) QA3 pH @3 W7 8 @ AR ] |

——

8.5v.8 SJY (A pH G 6F G
Importance of pH in T g Medicine

TR =7 afsls TS gty RiTmern oreizs amt fRafie = g3 afeh
OUEd oAe AR pH T TR | @, (5) G AR pH = 6.6-7.6; () T3 @l I Wiferem
pH =6.2-7.4; () WS4 pH—66—69 (8) @HIAA pH = 4.5-8.0; (¢) TS pH 7.4 9132
(b) TY TRCR R AT (o7 DRI TG @ THH AR pH (1.5-3.5) ATF | BT
AFFAR RN AP AER A | G T GFTS (G0 FAW AR pH = (7:4=8.0)
AR AT |

R8I pH Nl oAt efirar Ifows I wman #AfTee wig 32 | %92 R 17
08 o3 T RSy TS i 03 W e 47 IR | MR o 65y @ Gt ot G-
AT ABLFITY RS 70 e 7 2R BIet 7% o faral 33 gl e 3R |

P G I et siamed wre ide T gy aize F90 T | T TaE RS €54 Y
SR pH #IfFTea TeFera e 2@ Fides B! aRTS #I1F | eqeR it wAaw afdf erat sieaw
GF WA B ) 64 N G (drug) R ot ferib aoie AR, wiEAead 1 R T@ e pH @@ IF
Tonfar e W7 3@

afSf o34 31 @t “fare I3 ¥ Flge v W GRR Gt Rearem wiars oy 70 | afefs giri-sig
Reatfere 5y 8 REifers wiEmme g3t 4 |

1R G A $5 = RGEIRS oY + Rt wree

SRTAES Giet 31 9§d WPTR WS IR S =7 | e,

(3) 59 8 I PRI e3¢ SRR, “raifitme Tonf wrell equa o afien segdn S8

AR JYOIR 90 | T3 AFAH pH (1.5-3.5) *RET PR o34 F0 FHFAS 2 |
(i)wsimm@rmmw@mmmpn(u-so)wﬁmmﬁwqu

IR SR FAEA@ oS | |
AR TR A 694 (TR R S0 IS A=A (R Mo pHv@Wﬂ%im
,-9h




IR e e¢
8.54 pH AR T2 Toige eiyw at 45

Selection of Proper pH-Cosmetics after Testing

I Yro)fEd AT A4 QA ARAR T4 STAACIN 2E— () TIED TR, () FAAT,
(©) IS S/ 1, (8) BT ~ATSTR Toii | W11 ePTILAIR W& PALD MTS ¢ 0¥e foery fewe Faa
JNE FIZ© T | TFE ANY! AN BCED AR, (IS FIN/CF] @ ATTR QIR AR &) J9%© 2 |

TG QIR 67 A HAHa AF; GFA pH 4-6 97 W AT | g Feereraa §rad pH 7 @7
TR T | O1R ITWI T @ A4 JIZS W, O FTi o ey 91 | e et gred TR wfe
TS A | IRR YA oo SRR AR 4 | qed PofF, e e @Al Z0E QK1Y e
‘fBroIfbS 82 GAPT 7S =W | 9T pH 5.5 E41 AF | T 47 TR pH (6.2-7.4) 93 ISR
S | g AR A=0AT 7 GF TBR Ty YLD TR pH 3 @7 05 e | F1e Wi YREs o
(RITF QTG ool 7 | ©fF W4 WEIY #Ifra=e b1 exifire Far &y FAitsa pH 8 @1 dgiaife 14
T | 94 SR TR FANOS LML pH TP 4% I TS &4 T GIZIER G
fes Fare WY 29 |

Preeidla e : FFREGHTS Predia o 303 @ & I |
YRS FAATE -9 pﬂmﬁewmﬁ;zsﬁzfrw ‘
I qR-D WmmmWaapHﬁmewmwﬁmq

(aS)@m WWWpHMWQWW@W wrwm ATt o

() evarern 7g ; Rfoq Fytea B3t TR @, Lux, Tibet, Nirma

(1) pH *fSICea & efcream @elf® @ (3) 7, (}) 491 7, (9) e @res, (s)pﬂﬁm
;;J:ﬂﬁ@%ﬁtm@@ﬁwm) Wﬁéﬁﬂﬁmﬁﬁﬁﬁ{pHﬁﬁmﬁchﬂﬁﬁ

I

?n?ﬁse mﬁﬂﬁvf-’mﬁf—:{pﬂnﬂwﬁ ‘
R B L B BT e T SR TR
et 94 : | Red | Orange | Yellow | Green |Blue-Green | Blue | Violet |
() e 41 « (5) =Je® et AT efofl qpives ueed Aqomael R M A
(R) &ffb M w3eet pH fom- 2T G 2 | O R e v e L

wwmmmﬁmm@ﬁ (31 73) mﬂwmnﬁr#maéﬂﬁaﬁmpﬁw
5% o@ T @G I |

ﬁ(@)wgwem mwpnwm%mwwmw

TR A1 | T pH | Sgeifos | 997w pH FJAZF TACE TOITS

RIC pH=H | F9/f
SI13TS - ) 7 pH 3% S OB QLI T FIRE ARG |
NI -] 8.1 7-8 |pH@EM |31 Fs-y, o 93 fog @l w1 aem
© I JTS - © 8.2 pH ¥ TSI QL & ARG |




€Y _ T2 o

A -

e R Frea fewe® a7 pH * 8% ¢ J3gR Q@ret {dia

(F) BT ; TERSTS [ALATS pH FIFOII fagel T AR Il O T |

(¥) eTwremw 7p : IfSq JrTea Fure® @R Pepsodent, White plus, Colgate

() ezarerRrn TS : (5) pH RbR 3t ke fRot=s, () 7R, (0) ¥ 7, (8) @@ Qe |
(%) 1o 41 : SR AAHR WS |

(®) T ¢ Brars : 87 *ArFW T |

BT T | TR pH W | Sewe pH T T pH I/
SIFE - 8 8 JTE-> 8 JTE-} 94 pH TTre | =
IS - 3 8 pH I@T AR ©R FAFR

AR | Je-0 @7 pH fgo1
@M, 12 PR TR SR TR |

o8 Ne-o ; e AR JIEn @ fr/cat @3 pH =3t @ [ et e
Tofcam AR Tre! Frmdiar ap I @ A+

8.5y &3 ¢ *f&x Aeret 3@

Law of Conservation of Mass and Energy

COTTRT TN QifarR T S0 ~wR, I R Rfems ¢ Sem seam eyt @ @
5 | IR RIGFTS Sre A sangere RiF e O SmW eWis I3 FTed 9 (50 TR I8
TR Beot g TR 30 | RIFAFIE Axaceren g= ARREH 30 1@ 1 @37 = e R orma
777 feret SR A =& fNere! s@e S 349 |

A AN, T @A TR~y 1 Rerm e 27, vire = orrfe oiffe 21, 7 @ e
e ; TR @ I ST I A (] AFAIS TS AR | O FR CF (WG *Hfeee werea 3 A |
FTEfe 3t e fF @ 4TS 9%, Sf SR 44w i@ o9 &M FA W |

@ ZoN ;S 9T Aol (T TR AR Zre w; Ry gt T {R A wer F
qH A"

01 JE -9 8.5

@ww, fned MR v @ Wfe errifiete Feefie 37, oie smitds weedd e @ =)
wereRt = ae 367 e Rferrece 2w e 1 TeR T6Te M |

R e 3 e a0 o v arfRe Afadae gere e = TR
ﬁwvnﬁt w«mwm RIET A Rfew |

SRR R Besom Sreredd *fe Riewres weeAd #F 6w 30 = | WK SrRrd R
Beetr SrerEA e () R sreredia %4 (E;) 6w & =1

(E C(s) + 02(g) l | E, g [®em | CaO(s) + CO,(g)
e B = _ve . R E] c-mmjg AH=+ve
E [Betm | o COz(g) Ep E [Re | | CaCOs(s) E,
fB@-8.25(F) : SARAM gt ﬁm 8 ib(#) oo RfEm

' C(s) + O,(g) — CO,(g), AH = -393.5 kIJ; CaCOs(s) A, CaO(s) + COx(g) AH® =+ 198 kJ



A wfRae (&3

werEhe = :mmﬂammqﬁmm | IFFAR 5 T o
sfenfere e 31 332 TeTaA =& A Internal energy I |

LS Y, Y, TR LS TF AR ACATE (q AR AR IW O 6o @ T Were At
RIS 7 303 1 799 e @ I9 U aifeFar Fafexfer «1fies 106 | werice 3@T =Y, w1, S
g g TR T=F, 37 ¢ Frea o7 ovi 32 Sered AR fga 30 |

B I 3@ AR 3 (AT o 1 e IA0T O WeReA W T (0T T 1 I e
7@ et gre % e oF; O @ 3T TR =& I I IN |

I T3 TErE A 7 @FS WA (E) FICR T T ;S g4 WAt 1w A7 i
AE 91 T | R w1, @1 Rfseas sreadd =& e (AE) fiwmd e 301 31 AE = E - E;
(G A’ BB ‘(wBY, W = Mo AfEa]

g steet Rfarm oot ¢ Ao Agers 57 IRmes siest it [fdw emema @ e,
(63T Tenfite TBIT W | ©4F @Il RidFar =51 Sesty e @3 wRrew & T6 04 Teoly AADLE
SR B Roifice 1w Fre W | 9 e Ifre =W | pear fim siedt e e () = A
TR Seraa *fe= 3@ (AE) 93 WS s 316 (P x AV) @ ETFEE T 2 |

« gp=AE + P X AV ‘
R SEEA e I ¢ @ IF W TR -9 To AFCE 0@ @I TR & O1AS Remiey
G (enthalpy) T9E G A IJ3T© 27, GF H AOF QA1 &M I W |
S qp=AE+P x AV =AH
' *. AH = AE + P X AV
~ Tr@¥y 9% *% enthalpein WQTR to warm in’ (9T A =R TeoAfS 2R ) u‘ﬂmﬁf\’f@ ¥o
OIS TN |

qRYTEAPE et ; 57 B (@I PR Seredid e (U) @R S Fieies 5191 @ et owe
@®x V)& @ Fa @ @16 % 27, oie Fdem @ 1 g O 0@ | @REie H a
o 3 W | Ol

H=U+PxV; @, P="Fiomoe ggg!-‘;{” : 0.01(M) NaOH
PELERO e S
oY e i T S (@120 12 13

R 3D SO SrES I SRS AR weie R T g (ST W), SIS B W
Tog TSR o0R; g @3 W ARTETR «R1 A e Bor e IR | aFeeier @i TR R
oI9S AH W1 20 91 | :

T B9 CHRAFITET IFR HSTHR (FIA! ARG 1 Weh; wfie AV = 0 ¥, OF AH = AE = | (T
3o T (T Sl & FIA 97 AV G2 N 4T @ T T S AH R AE @ T & AT
T | AFOATE (! R ©iet Teoig AT AH HF {2 O (TS Z0a1 AH 16 = | (T, 8RR
8.35(F)-om T wzw Rfw St Beoig 6T AH 3 #919S 3 8.35(%)-FBra CaCO, Rearew
FICA B9 (41§ G AH (@ (ARIE 4R TR |

8.5v.> R eFm S1iw I aramEft =ifwes D ) eé’t" I%}
Different Types of Enthalpy or Heat Change 8
@ 719 AfFTN SroR iRe weAt THT WO, (T A (WL SIAW ARIET B | GFo IS g4I O
AR Al few o =



o AL 9]

Y TRE-YT Aa

») RfFt wivt : @ R swoRge Wi wro [fFrerr Angefes am sfma
faeet Rferam F0a1 Tery w3t e siem sAfimas Ridean oet w01 23 | areg e 9] e
51 9TB, ©iR fifera et i (AH) Rfteat sieer /w1 @,
Hy(g) + Cly(g) — 2HC1(g) AH°=-184KJ
1 mol 1 mol
oAl qrEed R ©19 2= -184 kI | SRR 33 SIRet7a @511 AH = AE Sidis [Rfram seaid
&7 AffaET (AE) @3 T @32 7 wiwer [RfFm 919t (AH) @3 I T4 =1 | Joar quwm fafen
Tio #IfRRER  Rfsmn e «fen figdT )
-, RfaFt o1et, AH® = (Teriitam 18 ©191) — (RfsFea o7 oiv)
QTR A 5T S ; G TIZ, TAWE G (AF G (N Qo) AT LA AfRTSA
@ IR @1 57 St 0T | @, C (s) + O, (g) —— CO,(g) AH° = — 393.5 kmol-!
<. CO, <R &M 137 ©19 2Tt = 393.5 kJ mol-!
wER o ( 37 sl @3 (T AR @ @it Giffe 3 @ifte W e SifEtee
Boiffere ) "fﬁﬂmCilﬂﬁﬂqmﬁ#ﬁ?ﬁ‘f@ﬂﬁﬁ’iﬂ@,m@W@WW’I?IW‘T
 wegE wdie 1 atm B 8 25°C SIENIAT FEHO el Tad R ornem Teare et e of e 90 |
AT, FIETTR & 1=A 1o FEE — 393.5 kJ mol-! «d CH, @3 W2H 19 FeA1l — 890.3 kJmol-!.

C(s) + 0;(8) — COy(g) AH’ = - 393.5 kJmol-!

CH,4 (g) + 20,(g) — CO,(g) + 2H,0 () AH® = - 890.3 kJmol-!
\&éﬂﬁmm:mﬂﬁ%ﬁmﬂawmﬂamwmm,wem-a
o T AR ARSI SR @ C4rRe SoRt TN 6, SIS @RI T | @FF—

(F) Buferex w19t (Heat of Sublimation) : «& (& “Afwd TR« s @ ©19t (gt I3 AR
M ST TSRS T, OIF THoie ©19 3971 7 | 90 AH® 479S T | (T~

C (graphite) — C (g) AH®gyp; = + 717.02 kJmol-!
K (s) — K () AHCgp) = + 90.0 kJmol-!

(%) "9 B9 (Heat of Fusion) : €% G 337 s @3 Fo@Its @ =fFme ©19t ¥t 0 o
U] NG T, I 7 SI T T | T, IR T O | UG AHO AF @, v
H,0 (s) —> H,0 () AH®fysion = 6 KImot-1 |MAT 18-
(%) IAFFA St* (Heat of Vaporization) : &F (T ©Fa M @3 “FHANF latm BT @
o{f3Ie ot (et IR AT AR T, OIS @ HANda AT O W W | @,
H,0 (I) — H,0 (vap) AHCy 5, = + 44.0 kJmol-!
TrE @3 GTE e Ay IS SheE s FRre @ AAfe e Swfaed 905, O AN
T AT TSI ©1# 0 | @ B ARG Irqeaces Radie g3 1| @ -
H,0 (vap)— H,0 ()  AHP(ondn = — 44.0 kJmol-1
(p) *RRIFA4 Si=t (Heat of Atomization) : &F N AMHF TSR ANAT WA AN
TS IS (T O (IR I, OIS HANGFA BI91 371 W | Ut AH® 419 2 | @,

Hhoe LN HzDU)lﬁ’ Ha0 (s)

% Cl, (g) — Cl(g) AH®310m = + 121 KJmol-!

THENY, qUEE AfS e @R g AR afS aiE GRfes @y w39




IFTRS IS B

%@ﬁq st (Heat of Solution) : <3 R ST T2 ARA FIRTS 1 CTF §I0F GIge
. mmwammnﬁmmmmem%wmmﬂﬁaﬁmmmm
& 7 &FS FACS SR (@ ARTER TG, S @ FLad Gt ©171 A |
TGRSR 200 — 450 G JIRE 1 (T 7 GIAge IR @ F34 &g T, OIS WA JiIE @A
FAES FAIR O GG RS =6
@ T S TR SIS FRrER, AR Y T T QD MR T, O AT FAgS X7 v B
Teoi 70 + WdiR GTTF@ AH & T ¥9TF T | (T,
CuSO, (s) + ag—> CuSO,. 5H,0 (aq); AHsoln = — 66.04 kJmol-!
CaCl,(s) +aq—> CaCL.6H,0 (aq);  AHgoln = — 75 kJmol-1

“ 73t STTer ey
‘ j(i) QT 5 AT QSR T T @ FIRTER g AR Rt Aeafbe 7 20, ©e & e &
) S (AH) ¢ TR 4 |
%‘ 7 (i) Tegua @ AR e FeTaRe R iafbe e @ G E3 OI (AH) R T NS |
S i) oo 2iRuEs e AR ST TSI JIRTED SR T A, O AATS RS TR T Ot e
&\% mnwﬁemmmmmﬂmimaaq(m,m%@sm.smomﬁam

T@ T 7 O Ot (R I AT FAGS W | FH—

CaC1,.6H,0 (s) +aq—> CaCl,.6H,0 (a@); AHgoin = + 19.06 kJmol-!

CuS04.5H,0 (s) + aq— CuS04.5H;0 (aq); AHgop = +11.70 kJmol-!
(@) e =t*t (Heat of Neutralisation) P
Hiye FTSNA @, 25°C 31, 298K Siesiam «fSre ¢ wieea R 1 e A Beig TS @

ﬁﬁmmﬂawﬂﬁ,mwmﬂww|wwﬁwmmﬁtﬁﬁm | (T, 25°C SIN@R
a3 e sAfaie wg HC1 @ 4% (7 715 NaOH 71 &fis 30 57.34 kI ©191 Tevfg = |

HC1 (aq) + NaOH (aq) — NaCl (aq) + H,0 () AH’yp=- 57.34 kJmol-!
1 mol 1 mol 1 mol

8.5 OIF BT ¢ OIF FIA & Ol . ~
Heat of Neutralisation of Strong Acid and Alkali EHT 2\-2 ()J

() 77 BT TS '@ SF WA P SR T A AR 3R &7 TG W - 57.34 kI | <R P11
TS I T TR | TS & FIAA SRS G 7 O PG '@ S W 7 G T e
T W | @%W, HC1 (aq) — H* (aq) + C1~ (aq); NaOH (aq) — Nat (aq) + OH™ (aq)

R qoma siey e ffera e ead :

H*(aq) + C1~ (aq) + Na* (aq) + OH™ (aq) — [Na* (aq) + CI~ (ag)] + H,O ()
wdie @ cvr@ Sferem R == H* (aq) + OH~ (ag) — H,0 (D «qe e fiferm ffem-wret
T SFSATH @ - R el |
mm@EWem@@mmmﬂmﬁWmaMﬂﬁw OH- 9 @ H+ SR
o, O3 91 Ol TR ¢ OF WFied WY 4FOITH G epaw- e SRfde =W

@@=, H* (aq) + OH™ (ag) — H,0 (1) 1 oA i OF «fFTe @ Big FIE AT Wi 9 TR

e ~57.34 KT T | 8.6-7 TS Rig 31er St e o St T e 11 7 et




@0 ' PIH-2T %

* few ; TS SN T @ AT ol T T 2 O — 57,34 KJ (0 I T | Sl
WS SARCTA JRUG GRIT F Z0e1 eI ot — 57.34 kJ (rs & = | O :

() 7671 w15 afie © 539 NaOH @i epwre ot & 19 (=57.34 kI) (0= & 2.2 kI
¢ - 55.14 kI T | @7 IR & wpififbs «fbiw (CH;COOH) @3 fAte spr<f fRzae :

CH;COOH (aq) = CH;COO~ (ag) + H*(aq); [IMHR™ Wi 0.42% SEf® |

NaOH (aq) — Na* (ag) + OH~ (aq); [100% S 7]

H*(aq) + OH-(aqQ) — H,0 () 4

(=g NaOH Ot 13, ©1 +4f R 58 OH- S €@t CH,COOH < S Rre 3 H
TEE I3 e IR, we4Ng SRt CH,;COOH w9 % Reafere zm H+ Wi Beoig 373 |
b e rfen epifie 71 2em onfe Bon Rz o1 swpm 2o A | w4 SRS T1RE
CH;COOH «7 Reamenes g ot =& @ 2.2 kJ eicaimery 20, @ F1uei® sy Sies W 2.2 kJ 901
P 5514 KT =@

() T IR afre (HF) © T2 NaOH @7 e w1of figg T (~57.34 kJ) (T3 @

11.26Uqﬁcm-68.60k1m|mmqmmm@wm@mwm—)mwrw
RGN @ | 545 HF @it (K, = 6.8 x 10~) *I1fite siefe R 23 -
HF (aq) = H*(aq + F(aq; - [T42.60% e Sme 23]
NaOH (aq) — Na*(aq) + OH-(ag); [100% WS 7]
H*(aq) + OH-(aq) —> H,0 ()
qéamaﬁwwmoﬂaawm-ﬂ.%mcalzasﬁsqawaﬁsmﬁmmﬁ
F)WWW@E@WW%MC@?@lwﬁmmcﬂmmﬁwﬁwm
ﬁmmﬂmﬂmﬁmwmwmmmmmarmw%ﬁ@mﬁmw
wwwv@mmﬂm-&mmﬂ|%cennm=tmmﬁ=mww\wmwmﬁwﬁ
R AR T ofe oot “ifsre 2o 1% 7t |
mzmmemq)mmm}mmtﬁﬂaﬁm1MCH.,COOH=na0.42%
R HF WM 2.6% WHHS T4 | 3% 4fe 75% <4 9ie IRfe 27 | @Il @I @193 HE & 547
AfFTE I 7 T FLACH; afS wepere g | .
M-8, 2 25°C wioriam g @, 41 e @ O W1 2 O, AH

‘;% afre ST | eptww oo, AH__ (kJmol-1)

rxn

?@1 (strong) NaOH - 5734\~

(strong) KOH . —35743 3 —

OOH (weak) NaOH - 55.14

« HySO, (strong) NaOH - 57.44
/503 (strong) NaOH - 57.35

e

A€

- H H (weak) . NH,OH — 50.40

,\éﬁoo (weak) NaOH — 68.60




8.20 IFW *fe 8 RfEa =i
Bond Energy & Heat of Reaction "
THH S ; TS IHH WG @] SYTS AN 5 % 7 3 Ton AR WefFet ¢
TS SETRRCTA W SR @R 91 | @9 H-H, H—Cl, N-H, C-H %e7ifit ¢ o =g
U 435.5 kImol-1, 433 kKJmol-1, 391 kJmol-1, 430.53 kimol-! I%-*f&T® W@ WICR | TSR
AT SER &S CHTE GF N THA ©PEHTe @ AR W ran FA0e W A TS W oR IF-
fRraiem e O (endothermic) e, AH>0=3 1 -

HeeH ¥, H-H (g) )i> ‘H(g)+*H(g) AH =+ 435.5 kJmol!

SRR @I G TS G2 IR G2 I STl FACAE TH APTA ST TSTF IF 4L 41
SrrCS fom Fox ARl Siot = SIS T | SN @ 31 T SPHCH Ot =EIHLRA 1% N & G @
T TG TF S (average bond energy) T TF | @A A (H,0) wre 4f6 O-H (SfHTe-
ZR@IE) T W= | A (H-0-H) W97 @ g6 I99 41 41t SIATS I 503 kImol! R
422 kJmol-! oTATEH TW | @,

H-O-H (g) 25 He ++0-H (g) AH = 503 KJmol-!

O-H (8) 2 He++0+ ()  AH = 422 kimol-!

. HyO 99rs O—-H IFC1 G 3% & M kJmol-! = 462.5 kJmol-!

T *I% FeGl ; AW I I T @A AR @@ @ w97 A 9 Awngg w1z @2
AT GF (I TFE TR 6,022 x 1023 B TS (20 TF A A FE AR Fare (@ AR 71
fF AT T, OIS ALHB IR 97 1 0 | 77 G- T 49F | @,

& G AN (H,0) 4TS 73 I S O—H 99 SR | @ ¥R (1 G IH0E ©1 et
(5T H 8 O Y& *ANIYCe *fR9e T2 462.5 kJmol-1 B9t #f& cifi® =71 | ;@1 “Nf{ wqre O-H 35
& Tl + 462.5 kimol-1,

H-O-H (g) R 2H (g) + O (g) AH =2 x (462.5 kJmol-!)



@oR . TARA-2 2

T T 0T : TeEy R A S I I IS I 15 S ¢ 5 RIS S TonE
QIR T | TORR T <R AF | BT (3) TG A5T Siot ZOAT RIS IR 7% o197 3
SILeleATAY effart | (}) I R B1ot ZeoMt (e, FA 9 Rearee I o R |
S @ TR A 4 (FI 9T TR SA NS T 43 I TS QR 17 Sl AL (R | B2 T
Rearem =& 91 e a5 207 =S w3 |

(F) T & AT : @ AT LT T A AT IS QI SR WY A O (R T AR
mm‘mmqw%’mmmﬂawa%ﬂmwmuwﬁcﬂmmwrwaﬂ
WIS W (T CH,, WTS) A0 O3 @ (A0or CoFoa 18 99 IS e o o A

(3) 1Y IF I = (7 T Rearem =1 -+ 7 Sieat)

(R) = T Re =& = o 3% 199 4% = [ SIS 1ot + RIS B1ot - & 19 Bt |

() 16 T4 & = [ THCATSH B -+ HIIFR Ot — W] 51577 1ol |+ T Ay ,

[ qoeT@ ARFIRD IR @R Tfetre oot «@e S IR TR @R RIS it A |

THIgRe : CH, @7 C-H 3% I 1ol 331 3135, U0 Fmayel O =1 X6

() C@) [T > C(g); Tee 1%, AHSy,) = + 717.02 kImol-!

(ii) 2H, (g) — 4H (g); RN O, AHgiom = + (2 X 435.5) = 871.0 kJmol-!

(iii) 2H; (g) + C (s) — CH4 (g); CH, Y 8 &1, AH} = — 75.09 kJmol-!

. CHy (g) @9 RareR e=w, CH, (g)—A—> C(g) +4H (g)
. CHy (g) < RRaIem @11, AH" = (T=I1ew @191 + aae@aet ©iet — &) 5157 1))
= (717.02 + 871.0) — (- 75.09) = 1663.11 kJmol-!
woR, C-H 397 & = (1663.11 + 4) kimol-! [A=® CH, @ 5B C-H witg] |
= 415.78 KJmol-!
| @ R QY C-H T8 WIS C-0 I, C—C 31 O I T 4, S O 6 M

e i A R st am ’

T 4, AH = [F146 (2ts) 7 ToATon ot +- Sty oot oIt St — S| 19 et — (C_H
I % x C-H 3%+ )|

(%) T97 *few rRrey Rfdr ot ey : 57 AR ol e 9 S (com C-H) &/ 3 |
@ oo Fof% 309 @ @I Aot o RiTaR Giib 3 Rearem ©is 2rs Beoim S a8 A5 et
fReaet = Rfdrat ot Roma w21 2 | @ 1ol Ters T TgRER W RiFe o et 33
|
Rfer @191, AH = (RfdFaTea G1ib I8 R wisr) — (Beetionm B 7w o157 otet)
e, e Ritrm 1w % g 3w Rivmn-om &R w5 |

CH, (g) + Cl,(g) — CH;CI1 ()) + HCI (g)



@@ g C-H 3549 =% 430.53 kImol-!, C1-C1 T3 *if% 242.90 kJmol! ¢at C—C1 I8 =&
328 kJmol-! | H-C13% =f& 433 kJmol-! |

TR ; oS R a5 =S fwaet

ffers ftorem (kJ) Teom g™ (k)
4C-H 4(430.53) = 1722.12 3C-H (3 x 430.53) = 1291.59
1C1-C1 = 242.90 1C-C1 = 328.00

1H-Cl = 433.00
. Rferares o5 RAem 19t = 1965.02 -, BeATAR T 497 O = 2052.59

-, Rfest oot AH = (RRFE (956 3% Rarem ool — BedAti (b 359 7197 ©17)
. fafeFm o191, AH = (1965.02 - 2052.59) kJmol-! = — 87.57 kJmol-!

ANYRFS TPG1-8.9R @ I Teores w19t 717.02 kImol-|,H, &3 *RNYFAY ©1% 435.5
KImol-!, C—C 3% *If& 343.9 kJmol-! 4]z C-H 7%= *If% 430.53 Z071 JTR 167 ©ivt &7 =3 |

TN : ZCACT o1 R FEE : 2C (5) + 3H, (2) — CoH (2); N
H-C—C—H
GTHTE 2 mol FER Tfeiren TCb 6 foaB H-H 7%+ (S0e T | L
g6 C-C 38 8 =6 C-H I 107 =7 | « Rfeenf seavrmm Rfey «=1 ==
st
3 (T ARG ITEHCTR mﬁs.‘i:ﬁ@?%w-ﬂ%
¥ Rem *f§ (AH2) [ kJmol !
2C (g) + 3H; (g) “}H-H 435.50
2 T TR B T4 H-F 564.00
TS F (AH) TR (AH) | s p
\ 4
)+ 3@ R AHCH)@ B | | oon P
H3C - CH3 (3e9M) c-cCl1 328.00
% fba re @R T, AH = AH; + AH, + AH; g‘_‘gl igz’zg
[@T AH, @ AH, 357 RS % Q6um 99e @ AH; |6 -1 462.50
TF 157 S 6T 7 AT T 70 J 1] N-H 391.00
oA T *Ifeea “iffaes e ot vt am |l g—g 2‘3%
RfFrs-a7 79 Reaew «e : Romegm (kJ) Jesc 812.00
2CGs) - 2C(g) 2 x 717.02 = 1434.04 (AH,) C=0 724.00
3H-H(g) — 6H(g) 3 x 435.5 = 1306.50 (AH,)
= 2740.54 (AH, + AH,)
TeAA-F T 5 IS : g™ (kJ)
1C-C = 343.90 )
6 C-H — 6 x 430.53 = 2583.18
= 2937.08 (AHj) (IFF 157 S ¥F)

ST, 1 (T ZTVCAR 167 O T
AH = (2740.54 — 2937.08) kJmol-! = —~ 196.54 kJmol-!



@8 TART-AY Aq

TAYFS F1-8. 00 : R oot gre 1o = ffn
fatsn RfeFmenm St M9 @t 0-H 3701 397 S R © o Ry sm-

H, (g) - 2H (g), - AH =104 kcal - ... (i)
02(g) = 20 (g), . AH=120keal .. (i)
H, (g) + %02 @ —>H,0(g), AH=-58kcal ... (iii)
SR : (ii)-7& TSRS 2 Fem ot 3 A1, % 02 (g) = O (g), AH = 60 kcal .. (iv)

(i) @ (iv) @M ¥, H, (g) +% 0,(g) — 2H(g) + O (g), AH = (104 + 60) = 164 kcal ... (v)

s (i) T TS Reifroein Fee AR, H,0 (g) - Ha () +% 0,(g), AH =58 kcal ... (vi)

(v) @ (vi) T TR @1 373 A1, Hy,0 (g) — 2H (g) + O (g), AH = 222 kcal

3 &9 #/1f3¥e 7f5 O-H IF7 SR | TSR, 1 G “AfNTS 2 17 AF O—H T8 R |
F&X 2 mol eNTF O-H IGE SRR &) A& *If& = 222 kcal

. 1 mol F O-H IFF(F SRR &+ eTHEAR & = 111 keal
wdfie O-H IFTR 357 % = 111 kcal/mol [BT@, 1 keal = 4.186 kJ]

<. frEegE @3t O-H 397 % = 111 x 4.186 kJmol-! = 464.65 kImol-!
TAYAFS TF1-8.98 : IS i R ore R -

H-H, 0=0 93t O-H IFA I57 *f& I 434.7, 493,24 43R 463.98 kimol-! T,

© Hy(@+30:() — H,0 (¢) R Rt o iy 3
T : TS, RRFTM 1 H-H T8 <Rt ; (0=0) T (o0 6 O-H I *1i3% Twx |
. [féFmt sio1, AH = AH (H-H) + % AH (0=0) - 2AH (0-H) ..... (i)
T SR, AH (O-H) = 463.98 kJmol-!, AH (H-H) = 434.7 kimol-!,
AH (0=0) = 493.24 kJmol-!
s ()RS AR, AH = + 434.7 + (% X 493.24) — 2 X 463.98 = — 246.64 kImol!
-, Rferafa ffemm o9t = - 246.64 KImol!

8.20. &Y NI AWM T NIt 15+ S
Standard Enthalpy (or Heat) of Formation
et : NIl ST (298K SN @ 1atm ST I QI @ BAMI GOt (AT @ G
e Besfy AR AI @ A Oio % I PR ARITET (AH) W, OItF @ G &I 4o oty

mwﬁmanmmwwnﬁwwmwmmmmwa%ml
TAIRATTRA 25°C ST 6 1 atm B I @ WHHTeH Rfer I F47 wiRwAze ooty w7 |
C(s)+ 0, (g) —> CO, (®); 908K = —393.5 kImol-1
@37 RFTR FREf ARRET = & CO, 3 157 qmft = H}
H = [F167 ©IROIRCTH 107 Rmfal] — [T et + Siwees @]
=H(CO,) - [H(c, + Hio)l; [4¥IT7 H QR 2T itda 10 o™ RITcT 2o 1]



FAAYTFS TH-8.9¢ : &MY T, CO, (g) 93 H0 () 9% 167 @@t qerawes
-393.5 kJ @3% —286 kJ 1 25°C Siomiam S Rraa wen Rfema qqemf3 -1366.9 kJ T
O3 BT 197 Ot I qAeEft R F9)

FAMYR : AR LA Ot IS TN et o Tw-

C,HsOH (I) + 30,(g) — 2CO, (g) + 3H,0 (I); AH =-1366.9 kJ

fRfere @t AH = [Bema «remEfa] - (Rigrass qramefe)

. AH =(2x Ho, + 3 X Hp,0)] - Hic,ns0m) + 3 X Hooyl
=[2 X H(C02) +3 X H(H20) - [H(C2H50H) + 0]
=[2 X H(coz) +3 X H(Hzo)] -H(C,H;OH) .. .. €8] ANT ne-

T SR, Hco,) = — 393.5 kJ @<= Hy,y0)= — 286 kJ, AH = — E

W 3, Hic,ms0m) = XkJ '

G (1) 2 TR TIRL TR IR 1%,

— 1366.9 = [2 X (-393.5) + 3 X (—286) — x] kJ

3, -1366.9 = (787 — 858 — x) kJ

3, x = (=787 — 858 + 1366.9) kJ = (-1645 + 1366.9) kJ

x=-2781K

ST, T RN A 45 O I G = - 278.1 kImol-! (8:)

FAAYFS FT1-8.q% : Fex wenfi re FMBRRTR 157 B14 A1 GREP fRFR F9 a3
TR stow RiFmD Seea® Tt st ot R 33

F)CGB) + 0, —> CO,(:; AH = -393.5 kJ

@H;@® +;00(® —> HOO; AH = — 286 kJ
() CHy (g) + 30, (®) —> 2C0,(®)+H0 (;  AH=-1304 KJ

TR ; AN (F) 8 (}) W, CO, 8 H,0 &7 67 @y = —393.5 8 —286 kImol! |
@ I, bR 467 GEf = x kImol!
R S, R oist, AH = (Beriitna 5+ oiet A1 «warEft) — (R 157 ot 31 wwef™)

eI AT () T© AR,

AH = [2 X Hco,) + Hu,0)] - [Hc,H, +§ x Ho,)l

N, 1304 = [2 x (-393.5) + (-286) I - [x + 3 x 0]

1, ~1304 = [-787.0 - 286] kJ — x kJ X
M, x = [~1073.0 + 1304] kJ = + 231 kJ; . x = + 231 kimol-!

<. TR 169 Ot = + 231 kImol-!

Rrgd : AT 157 ©1% ¢19F @I AH = + 231 kJmol-! 26T SRR o= R =
wior RfeF |

vfﬂ



@Y P g

TANES F1-8.94 : A, B8 AB, 97 WRA G JAUFTH —394.55 kJmol-!, ~594.78
kJmol-! € — 1109.17 kJmol-1 T AB, & AH, AT 37
@)

A+2B =|' AB, Ib
" 97}
O21" (i +iig) ,
-+{AO; +2B0; |<+—-

(i)
TS : Rfeg qitat Aeafbs [ 9z o1om AH A
() A + 0, — AOy; AH = — 394.55 kJmol-!;
(iii) 2B + 20, — 2BOy; AH = — 594.78 kJmol-! x 2
. (iv) AB; + 30,.— AO, + 2BO,; AH = - 1109.17 kJmol-!
TR TS, (i) Ffere R Beolm 7= AB,
TeAR (iv) R Riernibee ©B1re 2q o2 AB, et 2 :
(3) A0, + 2BO; —> AB;+30, AH =+ 1109.17 kJmol-!
R)A + 0, — A0y AH = - 394.55 kJmol-!
(®)2B + 20, — 2BOy; AH = — 594.78 kJmol-! x 2
AMFAY 3, R, © 97 @Y FE AR
AQ; +2B0; + A + 0, + 2B + 20, = AB, + 30, + AO, + 2BO,; AH = — 474.94 kJmol-!
Ter iz Te St Bem 9 e iR—
5 A+2B— AB,; AH = - 474.94 kXJmol-!
* edk AB, @7 %67 qWUE™ AH; = — 474.94 kImol-1
FTAYIAFS T8,y : T 57 B1ot (e Rfaran oot fnef
wfE-snfFfbRm e 5o sHfifbem Aner waa T 1 C,H, (g), H;0 (g) ¢ CO, (g) 97 197 ©19t
JPECN ~227.4 kImol-!. — 241.8 kImol-! 8 — 393.5 kImol! T&1 Sifbfeaa ot e Rfswt 19
(A
FS! : U TAORS wxA RiFar ARNFae @1 )
ST : FASS FANFAA T 1 2C,H, (2) + 50, (8) —=> 4CO; (g) + 2H,0 (g)
AR AR ofow ot frea TR TR TR SIRBRIR WE ©iol, AHC N1 41 0 ¢ SRR
et fRfdrat e1e) et v oot « Rfr wiot, AHC = (Beettea 19w wtot) — (RfRwace oid o)
AH® = [4 AHP (COy) +2 AH (H,0)] - [2 AHY (CoH,)] [T O, @& 184 ©I%1 %)
= 4 mol X (- 393.5 kJ/mol) + 2 mol x (~241.8 kJ/mol) — 2 mol x (-227.4) kJ/mol
= - 1602.8 kJ
Fqe39 WS, 2 mol C,H, 93 wrw Rt ©iot — 1602.8 kJ
. 1 mol C,H, 93 Wz Rferat otst = (- 1602.8 + 2) = 801.4 kJ
FMYTFS T1-8. 95 : G FRARME 76 UG P 8 Q T sp? 8 sp? 4¢3 w1 A |
@@ Q A, CO; (g), H,O (/) @7 &1 A5+ Ol I 84, ~393 8 —220 kmol-! 37 |
QRUGPHET P 97 &1 War St9t —1370 kImol-! 28 | [5. @I Q03]
(F) AW P 97 =1 o157 1ot el w31 |
(%) TRTTT P e Q Al Wy M TeF? grenfy 73, of NS e w9



AT AR | T e

T : (F) P Qoo et ot otot Ay 33

Tier TS, sp3 AR 1R ILRMFR TR T CyH
2% TS, C,Hg 1 P clifb 7w Siot 7ot —1370 kJmol-! |
C,H, «@ v Rferm sl g

| CHs(®) + 70:(8) — 2C0;(®) + 3H0 (@)
C,Hg &R WA Stot (TF C,Hg T 157 ot A 1ottt 33 oo - |
et oI, AHC = (Beeiieam %167 oi=) — (Rdrmast 10w ©i7)

% (~1370) KJ = [2 AH? (CO,) + 3 AHf (H,0)] - [AH{ (C;He) + 0]
». AHY (C;Hg) = 1370 kJ + 2 x (-393) kJ + 3 X (- 220) kKJ
3, AH{ (C;Hg) = (1370 — 1446) kI = - 76 kJ

<. AH} (C;Hg) = — 76 kJmol-!

o CoHg @R &Y %35 B9t = — 76 kJmol! (B:)

TANF-(¥) : P e Q Ao Wy it Teg® gnfa xea?
Bftos e, sp? AR 12 IIGARER Rmie R T C,H;
3R sp? AT 1R FEARAE YR T C,H, |
mmmmczmmwm(m%mmn
C,H, < v Rfdrmm e :

CoH, (g) + 30, (g) — 2C0(g) + 2H,0 (g)

<. AH = 2AH} (CO,) + 2AH{ (H,0) — AH{ (C;H,) + 0
A, AH=2x (-393) kJ + 2 x (- 220) kJ + 84 kJ

A, AH = (- 786 — 440 + 84) kJ = (- 1226 + 84) kJ
A, AH=-1142KJ

C,H, A &1 widifis Sa =i 28 g

- 28 g C,H, 7 WA ©I% Bty T .= 1142 kJ

-+ 1g CoH, @R WL 1ot evly 7 = (1142 + 28) = [40.78 kl/g]
R &Ty TRl C,H @ WEH Sivt 7ot (~1370 kimol-1)
CHg@mam iR ea=30g .

+ 30 g CHg @@ wgd Ol By = = 1370k)

o 1 g CoHg <R WRTH 8% Beoryy = = (1370 + 30) = [45.67 kl/g|

RTaret : 7oA &fS & P @ Q @ WRTA i Beofy ZH AT 45.67 k 6 40.78 kJ | ©IF Tew
TRGFIETR T TeFB G R 45.67 ki/g O BeAgiRt P @t 3t C;H, (30F) |




8.3y TTSHRIA @ (X @
A ffera cvte s ek ¢ e fierel sam oo fofS T3 o1t e Rfw araEfe
e« & i I SICR | @ 1fb FaC B AR @ FE T L @

% L AB) SIS @ T 5@ (Lavoisier & Laplace's Law)
.\,(')(C{Cﬂ'ﬁﬂ ©I7 AWfBFaq 5@ (Hess's Law of Constant heat Summation)
QSQ (5) TOTSABIT @ TR 7@ : 1780 R eifére aeaficd @ somem st fRaa

" @I AT Rigan @« gqemPr fRes wE; @ Rfenfs Rofs fire Awte
TrEre & 9FR AR G ARTET W A, $ra B R 1" sk @I @I Qs
T4 TAMIN (S Cofd Fce @ “Afawiel w1 [efe 27, @ Aot or Toamns Rafee sate aat
e SrepifE ciifee 27 | SR Rfews ¢ Seoima o1 affsrs 4 91 &7 A | @,

Cu(s) + %Oz(g) —> CuOfs);  AH = - 157 kJmol-!
635g .16g (63.5+16) g

i —— T b e
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TP AR eos
mlmamw%mmmwmmimﬁsﬁwW(Cum
ASTRIE 157 kI Sopifs fofe =20 | «am Rere Rfcra 2o fwset
Cu0(9) -2 Cu(®+10,(r)  AH = +157 Kimol!

arTn da R Reidre fics A zemm 157 kI Stoif& cif¥e zom= |

BoRTE To RiTR Srepife AR RSt TN T/ ¥ W @, a4 RFm CuO WY
ST Cu 7Y €RR O *FAIA T4 TG 0 B TR | T9A o107 elferwifd weoneetrdt efew,
o3 AH @@ W 9193 TR | fRo R CuO w97 3% Rrarem wote + a9 Rearem afernfd
SR elfeFt, Off AH «F T 4N AT | (IR SR TH 767 ¢ TH Rrarem e sAffwnet
QETT ARSTHTR SITAT AR 157 KI TONR | '

(i)mﬂm(ﬂess'sLaw):ﬂmﬁﬁmmmWW1840@%3"1%@@7.
%5, @1 (G. H. Hess) % THTH @b ewqeld 7@ Wem 30 | S iige « af @wm ot
e freTor @ 41 7 Ot ST 3@ AN Ao | b FwEw

“gft I AT RATGIE ARRT ¢ o1y w3g i 3 3% e, o o1 R gz A
TR 4ot AEDS @3 T @ efdrem Ritwn gremis 3 Riwwn oo e az,”

e R GARFRR T RiE Fere TBIm T o R R 7 ;o Ridmm 2R ¢ o
IR @R 63 IR |

@ T, QI R, A FERRe 7 R o a1 «]R B, C oo FesRe = |

() A 2HL ¢ (o qion) srarmmil AH, —(5)
.. AH. AH3 oot
(i) A=55 B 255 C (R 417)
foawrs, (5% 44, AH = AH, AH, <H,
R (Qﬂ W)‘, AH = AH2+ AH3
‘ k|
e [ €]

CTCTR 7@ TS ST 41 = [ 4,

~. AH; = (AH; + AH3) foa-8.90 : forad AW @R ST A |

Bwree ; I (AF CO, FAE 1R At I 4 &FS 31 I\ |

(i) TS TP SHTHC FEACE (NG T4 CO, TEPR 393.5 kI O Testy W |

C(s)+ O,(g)— CO, (g) AHy=-1393.5KJ

(if) RO I 2T g WRATHCA TS T CO M Beoty T | (I8 @ CO MPITe wfiE

SRATETA (AT O CO, TWT e T | Tox Rfiwm Sisitestil | @ :
C(s) +310;(8) — CO(®) AH;=-1105K

CO (g) +3 05(g) —> CO»(g) AH;=-283.0K

@M IR, C(s) +0,(8) — CO,(g) AH; =-3935K
maﬁf@amﬁwﬁ@wﬂﬁ@mmﬁm«mﬁ,ml=-393.5mmawmﬂamﬁ
%gﬂﬂcozaamﬁmmﬂﬁm,mmw|@wmﬂﬁmmﬁ¢mﬁm¢mc
3R O, AT R 1Y SR Beot 2t CO, A | Rferat oot =,
AH; = (AH; + AH;) 1
~393.5 kJ = (-110.5 — 283.0) kJ = - 393.5 kJ

e @ TiEe wEl R Sie TR @ el -
gfars e |




@80 TRT-LLT Aq

8.).) (R @R &Tai
Application of Hess's law
(RO R gAY AT SR | (T IR ¢y 2o
(F) 1=t AP TP C90a o, RO, et ergfe A afermngg e w0 am |
(¥) e S 31 spifom oy @ 1 i it gkt @R o @R B =
TR 1, SIMA CRIRAS (XET W 2T I ARrwen RiFm qmemt Fdn w1 am

(i) [fewm et Fefar : v 7 aFREE e R ot ofwm g R w0 @ T, @or @
QN IR AT P AP R Ridwar et iy 0 3w ) o,

I AT CATSIE I ARSI F9071 @ I ARIE TH ©F ATFi7 ey fiefy
T (TR FBNG AR | g FHEACE SRS SRATen Ao I SIRSART ARde T @ Ot Besly 7@
O T FA TR AE G2 TS T 74t - 393.5 kimol-!

Ck + 0,( — COy(g); AH = -393.5 kJmol-!
R TR @ R qumnet e w9 are o, k
HC)  + ;02(8) —> CO(g); AH, = x kJmol-! (3t %)
(i) CO(g) + ;0,(g) —> CO,(g);  AH,=— 283 kimol-!

TO«T, ~ 393.5 = [x + (- 283)]

s X =-393.5 + 283 = - 110.5 kJmol-! 4

WO, I TS I MAIARE BRI () 110.5 kImol-1 ot Beoigy 27 |

(i) fr=ifs RflFam oiet *fes fdy : @ 7 (e < Aaifore Teabe <7 o o
RIS T (TR @ AT I AR 1 T 1 o,

AT ATER (AT NAFFE e HRIET go fr Tewe @ @, v O AR T
TIN5 331 w1, g =0 @ 2Tl I AT ©f TROER TR 9 T | IS
AETFR @ NAFAS AT 72 S AT — 296.79 kImol-1 @ —297.08 kImol-!

(i) S =) + 05 (g) — SO0, (g); AH =-296.79 kJmol-!
(ii) S (TAfFR™F) + 0, (g) -——> SO, (g); AH = — 297.08 kImol-!

(i) ZTe (ii) Rt e stremt 71 : S @RF) -——> S (WAFRF) AH = + 0.29 kImol-!

TR A HEFRCE A S ST AReAS 3908 + 0.29 KImol-! ©19t (1R 274 |

FNYITFS FATM-8 b0 : RSP =71 free wfirerorz v RiErm CO, 6 +f Beom 3t | firse
O IR I AT w2 it (AH) Fefy 32 | RiGraf sreeiiestitt iR Storg ot 2 321

CHs(g) +0,(g) —> HCHO (g)+H,0 (g) AH° =-275.6kJ

HCHO (g) +O,(g) — CO,(g) +H,0(g) AH® =-526.7kJ

H,0(g) — H,0() © AH°=-440KJ
TS (RO I IR TS A |
T : CHy(g) +0,(g) —> HCHO (g) + H,O (g) AHP = —275.6 kJ
HCHO (g) + 0, (8) — CO,(g) +H,0(g) AH°=-5267KkJ
2[H,0 (g8) — H,0 (1)) 2x[AH®° = - 44 kJ ]
@1 3@, CH, (g) + 20,(g) — CO,(g) +2H,0 (!)  AH° =-8903kJ

I : CH, ¢ O, 97 WA I wormee S AH = - 890.3 kImol-! ©idie AH <% S 4@

RETR b e STt Rferm |




AR AfeEeq 85
ANGAFS TO-8.0> @ AT wZH = — 890.3 kJmol-1 Zra1 1500 kJ 19 Teoy
Fare F ~Afra wfares frarTe v duares xa?
Y : Rt wen [fdm e aemiee e g _
CH, (g) + 20, (g) > CO, (g) + 2H,0 (g)  AH = - 890.3 kImol-!

1 mol 2 mol
=2x 32g
TFad [T, 890.3 kI O s e Beony F40® 2 (M SfACSH ST T |

1500kJ®ﬂﬁzmma%§ﬂam%é~53o—o (s O, TITA A |

= 3.36965 (& O, LTS A |
SR 1 e SHE = 32 g SHeE |
<. 3.36965 T WIFTEA = 32 x 3.36965 g WHCEH |
= 107.8288 g wiHTEw (8:)




8.2% ﬂ?maﬂw wﬁﬁﬁswﬁww aﬁtmm#wmﬁﬁ‘ﬂ A2

(F) TS : e «Af GRE & A F FATS F90 @ B9 (e 1 e <7, oite @ BieR
739 ©i% I | G (e s ufiers ﬂﬁﬁﬁﬁmqvnﬁt@aﬁ—smmﬁfﬁmmqrﬁam
ﬁ%Wmm#ﬁﬁmwmmW@mﬁmWszw
(4.2 k) | AR 9T (T THFE «fFred 534 tofire wromme @it AffeeT t°C e o wHife
e 539 O R 4.2 x t kI | SRR 0.1 G SR «@fSie 9l 100 g 539 0o %91 X0 GTewd-

SR RIS TR = 0.42 x t kJ

.-.wﬁasaﬁzwmqmﬂqca:%[:o.uxtx 10 kJ.

() FTarerAT AT TG : (5) THFE @ (C,H,0,.2H,0); (R) A |
() ercreE WA : (3) @3 @9 (250 mL); (R) AERGE; (9) FrS;
(8) 2-Ef&bE Freeiive e |

foa-8.05 : FERAR wfre vk bres g3t o+ fda |

(%) 94 wHfFe 9ffe (HOOC-COOH.2H,0) 7 Sife® ©7 X 126; ©I% $1 771 0.1 e
T e wdik 12.6 g ot S afie eam w0 o @

(R) 9= 250 mL R 874 g AfR o =@

(9) @37 =6 ACHFTRTE Te maﬁﬁrwﬁm @ RIIR TS TR 27 | @ S={FA e
Bl (t,°C) GFC I 2 |

(8) ¥ & 1 12.6 g WHIFoTE fSte R ARTS cmt T o 7o fcw oy JATS 71 =W |

(¢) T8 THEF FTee S5 FATS SR FNT IR FALR SR (,°C) G621 TF |

(¥) ¢RI 73 ot R T =



DY) © O ©CO0 00O ©

DURDCR I

4]

RS RIS 8o

ATH bt :

e oY S «Fred AR = 0.1 A A, 126 8
35S “Afaa = =874 ¢g

R Tt . =M

Aifa enfie oo = t;,°C = x (W1 ¥R)
B Steral : =t,°C =y (A FR)

ST : SR SRS T = t°C = (4 - t) °C = (x—y) =2°C
- o P «Bres Fafe 7 ©iel, AH = 0.42 x t X 10 kimol-! = 0.42 x z X 10 KJmol ™!
oK SR «fred e 534 ©i9, AH = + 18.94 kimol!
Aot : (>)wﬁ$aﬁzwémmwﬁmmmnmﬁwwml
() 2T TA WNITS & ARG 7S core = T |
() RAHIPITE TR ST @ TqS A |

YA A F-ALHFA (Recapitulations)

i R : B R TN TSy e Rl R e T e @ HiRe
T1EH, N SEPTACER N (AR SRR ¥ SFeed AR i T3 |
mm:ﬁmmmmmmmqﬁawmmml

e RS @ AR S T v Rirre Wy RREE St g7 30S A G A = |
e ; oo Rt oifre 9fE 30w, e 197 6 T weAfiefEe A |

TSRS : (SR A SRR By Db 2w, 71 tewa Rferam fere i 30 A |
ST ; Tend Rt ww s Ridrm 7w e roikad R 7w R =, o7 SR
faferTa AR J0 | SR TR e Afefe vy A |

o o7 : RiFe @R @ @ ST B AT o1 @ = |

AT ; RN ARER Serlitna e oER oo ¢ Rfrares A orER o SArere
AIFIF TR |

NET SRS owe ; 7H Ofe Resrw =i &9 (H,0) (¥ B II@fFs s (Hy07) ¢
IR (OH-) SRR TR TR @elFees A St @ (K,,) 0 1

afrres fazarem 433 : ofs Fiti vl g Boffe @i afites G TR @ oot feaifers
S A, OF @ fres e £99 (Ko T |

HIEE e 79 ; AfS BoR @iy gt SHfES @It FIER Ge AgH @ s faifers
SR AT, ©IE @ FFR Reeaw £33 (Kp) I |

SRR S OH @ @B I T B FATS AT & SO SR FHS I |

A OE ;TS G (A5 A% IR 7 [ R W, SN SR O I |

FR0 pH : QTGS SRR TIPS T el (3-10 TR @ G pH 3 |

T A ;O {47 FE @ T GBS 41 e FIR FR9 o A0 @ v G pH e
SRS AT, S PR FI4 I | ;

e IS ; (I TS TReS e e ¢ SrerEd A firer b e Srere
& qCe |



¢88 ' I o

©

o

o

o

o

W:mw%wmwm@qﬁqﬁmmzﬁqﬁéwwmmm
1 9 To7 R ST Sroeife R it 71 Rifer it (AH) 1 |

TR O ; I3 G G TR G WS FNH GRER S AR $900 @ o1t coirel
A, ST @ AT ATNYFTA Ol 70 |
mmﬂ:mﬁ@mmmqwﬁmmwwwﬁwmmmqmﬁm
ffeFmg w0 Bevty A1 i St i R ois 9 |
fré-nm:wwwmcﬁmwmrmwaﬂmmcm%mmw«m
HfRRET XCB, OIF @ AT 167 O1% 0 |

739 Otet : A2 Siermmay qee® «Afiwd (200 - 450 mol) GRTF ¢F A7 I GNP ITT 2AF© Jol
M WA qRE QM T SIAR SR A <R T G, O Q@ G AP SIAR ¢ ARG
5, OF & Hr39 739 O I |

T O FF O S 8 FIFR R @ G S Bestyy 20 @ =it oo Sa Wi,
OITF e 1 0 |
Wﬁ:ﬁnﬂﬁ%nﬂﬁ%ﬁ@nﬁﬁﬁ@ﬂﬁammmwm
THAF (S0 2RAYTS ARIS F700 @ AR 15 e efrarem =¥, ©irE J24B TH0 57 1% 0 |
TSR T : @I e @ s e +Afaew w0, @ R Refe fice B o
I OITAR RIS ¥ ACF; O Ol SR B Reide 23 |

e 3@ : I I AT Riram arfe ¢ oy w3 992 A, e R @ 3 G
417 A @3 [ @ elforna R o JE A |

IR : ¢F QW #A1fRF ST 1°C (14.5°C - 15.5°C) IAWTS (7 AR S e 2, oS
3 IR A | VAR 1 IR = 4.186 T (&) |

MCQ-92 Tt : ;

4.1 (), 42 (%), 4.3 (), 4.4 (}), 4.5 (%), 4.6 (3), 4.7 (), 4.8 (), 4.9 (), 4.10 (¥), 4.1 (3),
4.12 (%), 4.13 (), 4.14 (%), 4.15 (), 4.16 (3), 4.17 (%), 4.18 (3), 4.19 (), 420 (),
421 (%), 422 (), 423 (), 4.24 (), 425 (3), 4.26 (V), 4.27 (%), 4.28 (4), 4.29 (2),
4.30 (1), 431 (), 4.32 (), 433 (%), 434 (3), 4.35 (), 436 (%), 4.37 (4), 4.38 (),
4.39 (), 4.40 (%), 4.41 (), 4.42 (), 4.43 (%), 4.44 (3), 445 (%) |

A8
3F-Rer : wieafsies arf (9 Tomm)
() 7l Rfen ¢ A Ry .
> 1 B faf 3t vigm wmm e [, G 2039, 033; T. @, 205y, 033; B @ 083,
B. QL 03¢; T. @1, 059; T, @ 035l
3 1 GOF Z3fR Ry [T, @1 033; T. @, 054]
© | AR “1afS iy
8 | WICARS WRIRGRTE MSFT AT 77 |
¢ | A e

v | Tyt Rfewm [W. Q. 2023}






