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Nwater = 0.95 mol
Gwater = 0.95x18 = 17.1 ¢
Molality (C;HsOH) = 0.05 x 1000/17.1 = 2.92 molal = 2.92 mol kg
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PTEIM PTIY TP

oy mmEnLa oona 1omn (CH;COOH) mugr nzmyw »w R m (C:HsOH) HanK Bw mR D (9
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Lonn nwp Ba(IOs), 1 nina 1mpn 2[Ba*" Y wRo
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NaSH + H,0 2 NaOH + H,S
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PP PIN TR D02 MY NWE P2 07 IR MRNWAD 002-7ENN

N
e i g 0003 w0 HCO3™ o (R

+ -
HCNgg + HiOp 7%  HiO'ag+ CNig (2

(1) mymwr (2) Too2 (2) nxmn (1) ooz
HSOf g + Hi0g +— HiO'wg + 807w
(Dngon (2)ot02 (2) et (1) ovoa

SNT P TR TN B03 197 e won nxmn HCN “

i



. -— OP0R-0ET NPEPRTT MY (7
H3COOHuq + HCOG g — CH;COO (ag) + HCOOHg (x

- - 2-
SO¢apt Fog > S04 @+ Hlg) (2
AN W pKa 71 0NF Otn

3.17 nvesse ey 1.92 nmapsa ave 110 ,3.74 renme ngnn ,4.75 DousR aunm
IRTERRIT N e T Ry

ND

SRaws Tacn N sRET PRI 107 MOUENGT AW U AR s axenn (R
% SROwn T RN TR 197 NUNIRTIDT DT N DM DY ONTIEna pmn e (2

500 Sw ne13 (40.0 n¥phn non ,pm 0v02) NaOH Y2 o7 0.700 avon oo noan (8
Froennn pH &0 .25 °C Sw amemenyat Wi

TN

s Na® 1 OH™ a1y 1919 prsns s 510na 199 211 0702 NaQH
NaOHug ~ 7 Na'ag + OHgg
SRRV 17 NI DR Y NNA 2wl
0.700 g NaOH(1 mol NaOH/40.0 g NaOH) = 1.75x10" mol NaOH
[OH] = 1.75x10% mol/0.500 L = 3.5x10? mol L
B ey rerIrs ropnw OH a8 1o ar Ao e 1ok NaOH sn OH o oo

Y9931 AT IR SN0 1 TATIN FOTAMND TN TR DU 20et0a B minmana DaR .omi
MR Ty

Ko 11 nanws® a1 mom am
Ky = [H;O[OHT] = [H;0'](3.5x107) = 1.0x10™

[Hs0] = 2.9x10°" mol/

pH = -log [H;O'] = ~(-12.54) = 12.54
.OH 71 19" 771 pH 1t nX 2wna OR 22p3 AT RN

om 2,43 9w pH 1y (CH3CHOHCOOH) 25m7 ngam Yw nmm 30wn 5w whh w012 (9
P S Ka 1 7w

1MN9

DPWHTE Y IPEPRM
CH;CHOHCOOH g + HiOg =%  H307@g + CH;CHOHCOG (g
y HPwET Y AP

Ka = ([H;O'}[CH:CHOHCOO 1Y [CH;CHOHCOOH]
NZ™ NI 10°anR pH eI 0UIwn 89970 DR X1teY 1Y Ka nR awnb *oa
PIm AR SR o AR 2wny o wem HaO' e Spwn wa

[H;0 = 107 = 107 = 3.7x10° mol/
TPDTHT W NI DRI TRAS K205

-
CH;CHOHCOOHy + HOpy —+ HiO'ag + CH;CHOHCOO g amwni

0.5 0.1 ] 0 :(wRhma) TIrneT s
-X +% +x Spwn rwa ot
0.1-x X X iz el Vi)

AUTARD W rnn Y nongyn ryraras HzOF 1 nomin nr man v mrwRa)
107 mol/l m naup e Rt DO eI oW 07 07 3.7x107 mol/l

12



Ben PRI
[H;0%] = [CH;CHOHCOO] = x = 3.7x10” moV/l
A
Ka = x%(0.100 - x) = (3.7x10°)%(0.100 - 0.0037) = 1.4x10"*

N7 o2 pKa 5 7W) nenme ngnn 1x107 mol/l Yw nmw novnn Y@ pH A 7 o awn (10
2(10% 2w 7720 MY 1RaT) PR “TPWa IMMST FEDE 197 T A

1N
HCOOH(aq) + HzOu) :_:._“: H30+(aq) + HCOO a9 SRR
Ka = ([H;OJHCOO1)/[HCOOH] SHPUNIT T NRNYD

[H:0'] = [HCOOT] + [OH] VOB T

0.001 = [HCOOT + [HCOOH] VAT TR

O 1 113 Rk o3 1991 ona ypaw HaO™ 1iovs nnyn nR o3 9313 180 03

f yuo

HCOOH g + HxO@e > H30 (g + HCOO (ag) TR
0.001 0 0 (0.7 ma) FErIn v107

-X X X e\ L fatirzam}
0.001 - x X x  (wh.mn) ewn 1rwa

irlizian i tel i ke vl
Ka = ([H;O'J[HCOOY{HCOOH] = x¥(0.001 -x) = 1.8x10
Papl x << 0.001 wnyamn
x> = 1.8x107
x = 4.2x10™
DPTEM N I 1o
VI TIRYIRN DR N9

X + (1.8x109x - 1.8x107 = 0
x = {-(1.8x107%) + [(1.8x10™") + 4x1.8x107'*}2
x; = 3.4x107 mol Xy = -5.2x10™ mol/l

3% PIYRWE M0R 112771 5w W T
[H30']eq = [HCOO]eq = 3.4x10°* mol/l
o
[HCOOH] ¢, = 0.001 - 0.00034 = 0.00066 mol/}
TeRTER ¥R novan pH
pH = -log(3.4x10™") = 3.47

Ax107MHC! nomn bw pH e an (11
oy en HCEn o o amena (R
v e B phnw ans (2

7MnD
[HAJ = [HA] +{AT (3)

: LDor g (3) awvwan [HAT (R
[HALe = [A] 15
[A] = [H30"] - Kw/[Hs0'] (6) (6) IR K Y
[HA)y = [H;0'] - KW/[H;0'] 59
[Hs0'F - 1x107[H;0"] - Kw = 0 e

[H;0°] = {107 +-(1x107 + 4x107%"23/2
H,0'] = 1.62x107
pH = 6.79

i3



(9) mnwn NN Y ALIPNEN ARNINT (2
X+ KX - (Kw + Keodx - KKy = 0 (9

[H:0'1 = 1.6x107 X7
pH = 6,80

'R PYN M {0 RN IR X2 R I O3 R

:0n T e novena HaO' nomn pH v e (12
K. = 1.8x10" "wxs 0.020 M HCOONa 1 1.0 M HCOOH

ns
JA o Tgn 0°0am [HAT 5whms sxann Sw 0nnsnnm D10 oy 791 momn

(K, >> 10"7) by vadiyiakaia) l
HA + H,O

— A+ HO
[HA] = [HA], - [H;0']
[AT = [ATo + [H:O']

[H:0°] = Kax {[HAJo - [H;O}/{[AT + [H:0]}

PO
PR DX NI TR

TH;0'=X 1nm
X =1.8x10™* (1.0 - X)/(0.02 +X) 5P
X2+ 0.02X - 1.8x107% =0 T
X =6.75x10° M = [H;0"]
pH=2.17

1o NI v novena HaQF nvn pH e o (13
0.160 M HCOONa ' 0.020 M HCOOH

Jmne

Kz >> 107) avgmn omona
HA + H,0 o> A + H;0'

[HA] = [HAJo - [H:07]
[AT = [ATp + [H:07]
[H:0] = Kax {[HA] - [H;O']/{[A)e + [H:0]}

TTERRI
TP MR DINT YRR

[H;07] <<[A7 1 [H:O'} <<[HAJp

W mea
[H:0"] = Kax [HAJ/{[ATo 93P
[H:0'] = 1.8x10™ x 0.02/0.1
[H;0'] = 3.6x107
pH = 4,44
NPT mnn

14



W 2.0 ,13 973002 99927 NOMN YW TR 00 150 DR H,O oon mowym pH o on (14
2.0 M nissaw HCL nomn 5w

1nNe

2 mlx 2 M HCI/(1000 +2) = 3.99%10” M HCl ~ 4.0x10™ M HCI
0PN b AR YRR MWn &5 901 e xnm Y 2 2 neonw anang D8
HA DS A TmE7 D03 A 1030 XU IRYE PYR0I0TT Y aumnaw oa il

R I
[HA]=2.0x107 + 4x107 = 2.4x10” M
[A7 = 1.00x107 —4x10™ = 9.6x107 M
[H:0] = Kax {[HAlo - [FOT}/{[AT0 + [H:0'1}
[HyO'1 <<[A]p 1 [H30"] <<[HAL WP W
[Hi0"] = Kax [HAl/{[A]e 9

[H;07 = 1.8x10™ x 2.4x10°%/9.6x107
[H:0"] = 4.5x107
pH=4.36
NPT AN

i 100.0 9 9003 3 900 9120 noven B e 2.0 ar H;O oon o pH e an (15
beuhal

e K9 /5000 o ' 1005 5™ 2.0

[HA] 2.0x107%/50 = 4.0x10°* M TR T

[A]=1.0x107/50 = 2.0x10° M T V0N TN
[H;0"] = Ko x {{HA]o - [H:O'1}/{[A]o + [H:0']}

[H;O0"] = X :yata

X =1.8x107% (4.0x10™ - X)/(2.0x10° + X) Sompn
X2 +2.18x10°X - 7.2x10% =0 R
X = [H:0"]=3.25x10" M

pH=4.49

TP W VR TNAw R TRn neena 4.49 5 rnpnn novena 4.44 n pH 2 awn

ween 5w Kb o w 2wrs 1.5x107 M »w 133 NaClO nowsn »w pH 1 nk awn (16

2.9x107

NS

ClO g + HaOgy —* HClOgq) + OH'@g TRPRT

Kb = [HCIO] OH}/[ CIO] = 2.9x107 XM
ClOug + H:Oqy —» HCIOqg + OH ag) O

0.015 . ) 0 0 epren Avnn vk oMo

- X +x +X Tonma 2USMa oW
YRR

0.015 - x +x +X (M) Ypwn Wwa nzin

14



MR TS TN XOW I 1o NIRE Wh 0OD2 UYMTDIDSTT PTIR 00 pront ower Kb i1 awn

L0015 M

Kb =2.9x107 = x¥/0.015 X = 6.6x10° = [HCIO]
A1 T30
[CIOT = 0.015M 1 [HCIO]= [OH] = 6.6x10°M RO

T A (esral gyl pH 1
Ky = 1.0x10" = [H30 HOHT = [H,07](6.6x107)
[H:07] = 1.5x1079
pH = 9.82
PRI MW TN Rt 0NNa (].7
HCNg@g + H:Opy — H30+(aq) + CN@g Ka
CN_(aq} + HZO(D —®  HCNggy + OH'g Kb

2(Kbymines owoan b ar? (Ka) agmmn Hw yiapin 12 wen ot mn (R
Kbowowmm Ka = 4.0x10™ ox (2

ng

12393 NIEPRINT MY IR 1AM (R
2H20(;) L H30+(aq) + OH.(aq)

O P DRRYT TSR PR R0

OUWNIPT NP0 MO NIRRT S 300 SW ARSI KT SIERR W pwnn e nap an

J7R NTERR W

Kax Kb = (JH;0"[CN] /[HCN]) x ((HCN][OHV[CN] = [H:0"J[OH] = K., K™
KaxKb = K, N
Kb = Ko/Ka = 1.0x107%4.0x10"° = 2.5x10° (2

HSO, myninn oawe nraven 4.30 o1 15w pH aw 30 9913 homn pamb ooy (18
1.2x107 :oran Ka 9w mgsny 2R mynins osmesn oowoam HCN 1, CH;COOH
maxnn 4.0x1071° 1.8x107

STIY DPOR-TERIN MDA O T A0 (2 70an T DI021 AT TR (X
etainh)

{x

[H;0'] = 107 = 10™* = 5.0x10° M
R e P HzOT o e ap Ka iy @ nweRe nesmt poutw mEn I inn
2187 pH 73 DR IN™w O O AR 2w YR TN 92000 nt

(2
[H:O'] = 5.0x10° = [CH3COOHY{ CH;COOY(1.8x10™)
[CH;COOH)/[ CH;COO] =5.0x107/1.8x107 = 2.8/1
UNW 75 O'H2 DRI DR TR 00030 Bw 7w 0.10 1 nmn Yw i 0.28 nptl ar 107
pH = 4.3 ny noonn Pap1 noten Yw mR e

16



0.70 M 1 (HCOOH) nwamg mxmn 0,50 M 2 237 79y nozn 0.500 bw pH nxawn (19

w ma (HCE mon nemn B 9" 10 noow " (2) 7397 (K) (HCOONa) ynn vome
Ka = 1.8x10* o8 1.0M

MND
JHCL 51 oty 2105 mosnans pH R inn 8301 (K

ST DI OTR "SI 0w TINEN DOIM TR YW Ipwen T TSI 1o
ey IRuitieirish B skl aleaial

[H:0'] = ([ memn}/[rms ovoa]) x Ka
= 0.50/0.70(1.8x10"*1.8x107*) = 1.3x10™
pH = 3.89

amy (1.0 M) HCIn 5w 5"n 10 7 i a0 (2
10,0mix1mol/1000m! = 1.0x10° mol

H30+(ﬂtﬂ + HCOO g «— HCOOHg PR

T T WS AT AT

[H30"] [HCOO] [HCOOH] RN
YN BN pbants

0.010 0.35 0.25 (momz) TRt ek
-0.010 -0.010 +0.010 {(o"na) qoin HCL wry nwn
] 0.34 0.26 (ohna) EPRTT N2
0 0.67 0.51 M2 (3"» 510 n21) o»md omom™

HCOOH Yw e nrnws 777 8yn1 HCLa nedw wike 7oena [H;O'} nx

HCOOH{aq) + HZO(;} — H30+(aq) + HCOO—(aq)

([ memm)[mnx ooa]) . Ka = 0.51/0.67(1.8x10) 1.4x10™ M
3.86

[H:0']
pH

A 0.03) pH 2 1up MW

nRieaa 10 e o 2.00 1 (CeH:COOH, MLW. 122.1) n*ri1a nxnn S o7 2.00 uonn (20
aowmnn pH K 2wn M8 R W 1513 [oYBN TPAPnMm o (CeHsCOONa, M.W. 144.1)

<9250 10T Ao wanwn Ka = 6.3x107° MRITIIN A¥MINR YW UETDT AP RO
.(Henderson-Hesselbalch)

D
s e pKa o pr ann awm

pKa = -logKa =-log(6.3x10™) = 4.20
(TP TR DX 2T

2.00 g (1 mol/122.1 g) = 1.64x107 mol PRI XA
2.00 g (1 mol/144.1 g} = mol DRTIAT TINI2
DTISTN 10 TR O SO0 19l

[CeHsCOOH] = 1.64x10° M [CHsCOONa] = 1.39x10° M
A pHm

pH = 420 + log(1.39x107%/1.64x107) = 4.20 + log(0.848) = 4.13

17



(HCOOH) ron o nxmwn 0.2000 M 7w 51 50.00 2w meawewa pH m HyO' 1o v s (21
w0t NaOH 71 nowan 5w ppb7 mmna wks NaOH 02000 M oy (K, = 1.8x10°%)
PHTID IR NDYANY

V=2500mL (3 V=3500mL( V=0mL (%
V = 60.00 mL (7 V =50.00 mL (7
sl
HCOOH + H,0O —* H;0" + HCOO K.~ 1.8x10% (&

[H;O THCOO V[HCOOH] = 1.8x10™
[H:O'] = [HCOO] << [HCOOH]
[H30'F =3.6x107

H:0'] = 6.0x10° M

pH =222
3% [HCOOH] maw® [H;0"] 2 nxoawn
I RIAN AR NMNDD 7Y 195 OIS AT nTEReneha
X(0.2000 -X) = 1.8x10™ e [H;0'] = X 03
X = [H30 = 5.9x10° M
pH =223
[H;0'] = Ku(1-H/f (2
[H;0"]=1.8x10"x 10 f=V/V, = 0.1 TR
H;0"1= 1.8x107
pH = 2.74
[H;0™]1=1.8x10" x 0.5/0.5 f=05 @

[H;0'1=1.8x10™
pH = 3.74

[OH J[HCOOHJ/[HCOOT = Kp = Ku/K, = 1x107%1.8x10™ = 5.56x 107" f=1(1
[OH] = [HCOOH] << [HCOOT = 0.100
[OH] = (0.1 x 5.56x10"H)1? =2.36x10°
[H:O'] = 4.24x107
pH =8.37

M"Y PR3 T M 0002 B ATy W NaQH v it notna (7
[OH g = 0.2 x {(60 -50)/(60 + 50)} = 0.0182 = 1.82x107
[Hi0"] = 5.49x10°
pH=12.26

3013 Yaph v 0.20 M NHL.CL5w 2" 1005 9o 7 0.20 M NaOH S 9" i (22
?7pH = 9.00
g

NH, + H,0 7==% NH;+H;0" K, = 5.7x107%

tRieb
OH +NH,” ~™™® NH;+H0
Jsoyw NaOH »w oo 9son? mnw NH; 5w onomnm o'nms pon
[NHzlo = 0.20V x 107

ig




nme NH, B 95en ovsmn =sons mw NHyT 5w nbnnms oo7me 2non vEpRen oro
worw NaOH Sw 07oim 18on
INH;To= (100.0 x 0.2 — 0.20V) x 107
[H50']=1.00x107 = 5.7x 10" °[NH, "J/[NH;]
[NH,;'V/[NH; = 1/0.57 = 1.75
(100 ~ VYV =1.75
V = 36.36 mL

pH nx 2wn .0.20 M 11213 NH; %"» 50 a3 0.10 M n>»2 HCL 5w 2"n 100 oraamim (23
s mEnwn 7w R K, = 5.6x107° ox i novann

nD

g 1D npRsnn 1R Rovana 197 At meein HCl
Heliaﬁ%} + H,O H3OT(aq} + CI .
»p% NH; av 2o HiO™ it

H307ag) + NHigg H:Op + NHi'egy (1)

e
[ S—
e e Sw Ka 2 %0 i awma aoenann ph 1% nwhn memm R oIk

(0.050 T x 0.20 mol/L) 0.010 mol NH; &y (0.100 L x 0.10 mol/L) 0.010 mol HC1 a3y
NH,Cla 190 9% 5" 150 bw npaa 0.010 mol NH,CE

[INH,C]] = [NH4] = [CI] = 0.010mol/0.150L = 0.067 M
TIPPTITT EPR

a— +
NHi'ap + H:Op «——  H:0'g + NHiwg (2)
0.067 0 0 (M 2) arsmns b
-X +x +x ooTI™R IV
x-0.067 X X SRR MW 11O

K, = 5.6x107° = [NH;][H:0'V[NHs'] = ()(x)/(0.067-x) = x*/(0.067 -x) 132

0.067 >>x T
[H30] = 6.1x10°M XY 10Y
pH = 5.21 JJRom

SR EEA TITINE XA BT MWDK SIW 100 DYmn otnnn
93 00 TR BYAD KT TN N5 AN O3

TP SPPRTT IS IYTIPY N DR T MURPTTIN GUR OTRPTTIRG N7aun (24
DBTIEN PRWR 0002

D
PR S pra IR e mm HCT hw aRSn 51000 awnnng nnmpn a7Rw2
MDD MOMN 2GTE ,OTR-7N1 MR P15 MERPIIRT 5,21 5 a2 pH .oob3 e

5190 - 03 5.5-5.0 7o pH 2 wnnnn yaz2 MW wRD NN motanz omi
STORPTTIND WY
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7' 10) manwn mana 0.100 M NaOH nowan "y 0.100 M HCL 5w 5"s 50.0 5w negaen (25
80 ,%"n 60 5"n 55 7"n 51 ,7"n 50 ,7"n 49.5 5" 49 5" 45 2"n 40 ,%"2 30 "0 20
oo mrna (hRpun ve) pH 1 manwn N RNET 0760 AR e aen (M 10015
STIXEW 0N (RROITMNN ) J0NY

N

pH = 1.000 m [H;07] = 0.100 M 1397 apin mxan HCL NaOH naows w19 & 2w
.0.100 M 1213 003 b Y 10.0 naows nxs pH i win 2 250
0°037 Neoy ame H;O Hw 0/ nn 1son N’ nYTY 000 0 RN Y s

H30+(aq) + OH-(aq) ZHZO(D PPN

0.00500 0.00100 oo IR 21

-0.60100 -0.00100 M TEPRMD Y

0.00400 0.000 DY TR 02
5" 60.0 Y np1a

0.0667TM 0.000 M STEPRTT NI 110

pH = 1.18

TIRYWRI e Y pH T 0T IR 2WN1 T 120

[HaG] = {9 omm 10on) - (00030 YW OV mn ne0n }ARmnn ol + 07037 nol)

0°02 5" 45 1001 RS Ry
[H;0'] = £0.00500 mol H;0" - {0.0450 L)(0.100 M)/(0.0500 L + 0.0450 L)

= (.00526 M
pH =2.279

ROV

pH 5"n NaOH noows pH 5" NaOH noovt
3.299 495 1.00 0.00
7.00 50.0 1.18 10.0
11.00 51.0 1.37 20.0
11.68 55.0 1.60 30.0
11.96 60.0 1.95 40.0
12.36 80.0 2.28 45.0
12.52 100.0 3.00 49.0

e (CoH(COOH),) (Maleic) norbn memn 5w 5"s 25.00 Sw e ww (26
{221 ') .0.1000 M NaOH ncozn "y (oonoe 3w a77ona axain) 0.1000 M
XM notan Swoertnn pH ok Ryn (R
0025 B0 5 ppoInw NRY tovrnT pH nR Ry (2
SR NeRIeTPRT AP pH nrxgn (3
0700 5w H"n 25.5 neowmw anrY notnt pH Nk Rgn (7
STTIWE NIRRT nmpst pH ne k¥ (7
00371 5w %1 60.0 neownw wiks nomnn pH nr x¥n O

ARt

M3 AR 1 ey KM 2 s agsan i HoM o nemni nR e
3ig
g . . 2
HoM gy + H2Opy #———— HMqq + H3O g K; = 1.2x10

20



_—b + -
HM g + H20p e Mg + H30'g) K, = 5.96x107

By PRI 27w OYR5UR TWRI W apT IR eIty oam (2x104) T3 ONNART oW 11an e
FEBITIERT R s a L [HaM] >> {M2'} << [HM] o 29rRaw oo 1ug 8" .y
FIM™ S FrTITY 0 PUO0R TIINYT 3R TRwn MW InwRT

HM + H,0 3% OH + HM
IMZ]>> [HoM] << [HMT] oarmmaw oo 80 pH 3 7w nyap DY MR AYRWR TR

mynsEs nevan B mennn pH T nR ek (8
Sap1 FIWRTET TRPITN RNWRT (X) 2 H;O™ ni o3
**(0.1000 - x) = 1.2x10°
S s Ron x = 0.035 #¥n1 0.1000 2 1up 2N a0 X W I 0N
YT TIWRT DR TNBl 195

%2+ 1.20x10%% - 1.20x10° = 0
x = [H:0'] = 2.92x107 = [HM]
pH = 1,53

RYAT TSIWS FPTITT ARNWHY UREAT DTN IR 07303 O

[M*] = 5.96x107
A3 oUnY WY RNt

ovonT =™ S npnymy s movans pH o R (2
A HM 1ngs oeoam HoM nwsbn nsawmn 297 910 0T T 0000 Neo
mEmra Sous Awek M2 nns e 07030 W TERIDI0TTT MR TN WER 1 250w
R X i hteai 72 niahis Balenial g

[HM'] = [NaHM] = ¢ (NaHM)

JHM ey o0 uoonw NaOH 71 mnd 73 mang 0°9ma

[HM] = c(HM)
[H:0'] = Ka{c(HaM)/c(NaHM}} .
Myt
[HM] = [NaHM] = ¢ (NaHM) = 5.00x0.100/30 = 1.67x10”

[HM] = c(HoM) = (25.00x0.1000 - 5.00x0.1000) /30 = 6.67x107
SapiKy Bw asnwak 1R 0739 noIo

[H;0'] = 4.8x107

7% TRY A0 AR HM sk HaM oriooan Juie 0y 72 [H:O] v wyw anar 199
:OH 77 *112™ ORI Oy) MENwna Whnwi?

[HM] = e(NaHM) + [H:0'] - [OH] = 1.67x107 + [H;07]
HM] = c(HaM) - [H:O'] + [OHT = 6.67x107 - [H;07]

IR FPERIDIDYT NRNWAS 12°K 2737y N0
([H:0™(1.67x10% + [F:0')}A(6.67x107 - [H:07]) = 1.2x10°
x* + 2.87x10%x - 8.00x10* = 0
x = [H;0'] = 1.74x107
pH = 1.76

ITNTT eRIITNENS ATean pH AR Xen (O
mn oW 3o TR nrwsy NaHM roea qxn 1 ampan

Crart = [HM] + [HM] + [OH] (1)
21



TN TYURA PR NRTIWM
Na'] + [H;0'] = [HM] + 2[M*] + [OH]
207 Do, mnn T e [Na'] Sax
onare = [HMT + 2[M*] + [OHT - [H;0'] 3)
DITING MBYWR WM Ry qwenn 3w rwoy Ky 1 ARIMTD DR OX U P 1 aRmen®
JURIR MPWON AR TP ,107 72000 IR MweR
Sapn (1) nomm 7R nxvwnn (3) wons PR IRTWH DK 9°0m

[H:M] = [M”] + [OH] - [H:O'] (4)
Ky = [H:O'[M>V[HM] 03 10T
Ky = KWKy = [H:M][OH)/[HM] L

«4) o 27x [MT] 1 [H2M] ony Dk Reng g
KW[HMYKI[OHT = K[HM}[H;0] + [OH] - [H;0]
Bapn Ko/[H;0'] nx [OH] opma 2031
[H:0 HM VK = K[HMV[H;0'] + Ko/[H:O'] - [H:O')
g ot [H;07] 2 nrnwsn »12 aw nboon
H:OP{HMYK,) +1} = KHM] + Ku
R
[H:0'] = {(Ko[HM] + Ky)/(1 + {HM}/K:)}'” (3)
' [HM] = cnaam D957 7192 Y2

TR ﬂ"U.‘J‘?'IT"?'!;?KTI ATpPaa

[HM] = 25.00 x 0.1000/50.00 = 2.500/50.00 = 5,00x10
(5) nvnwna En K, nR o3 1man

[H30™] = {5. 96x10 7x 5.00x 1021 + 5.00x107%)/1.2x10°%}17
[H:0'1 = 7.60x107

pH = 4.12
Loman b B 25,5 neevaw anR mesens pH R Ryn (7

Tmx 0°0a3 MY 1 mzaims HM 003 1913 ionyn nnge aueans 0303 5 noviu fsow

5" svan) nnarn? ramy OH nnb oon oy HMT 50 ieepReanw 72 0°02 27008 370701 TWRD
noasn My Hwn Ky v awere mama aooani pH L (ARwRIT puInipRn smpl v
931 NaOH 5w (nnavgn mnd) »"s 25.50

c(NaQM) may

M*]= c(NagM) = (25.50 - 25.00) x 0.1000/50.50 = 0.050/50.50 M
= 9.90x10* M

c¢(NaHM) man
[HM] = ¢(NaHM) = {(25.00 x 0.1000) - (25.50 - 25.00)(0.1000)}/50.50 =
2.45/50.50 = 4.85x107

Ko NRMWAT 1R oMaN 0m
{[HgO H0.050/50. 50)/2.45/50.50 = 5.96x107
[H;0'7 = 2. 92x107
Rom o [HM] >> [H0'] << [M*] wanmm o5

pH = 4.54

TSI nseseRn TP pH ag s (3

S pR .3.33%1072 Mo novenn NaoM 51 1iova 20031 5w 9™ 50.00 nooim anr
S DN TR MY TR DRwR T PR N D DY M* oo

M> + HO -« & OH + HM
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O HM VM = KWKz = 1.00x1074/5.96x107 = 1.68x10°
[OH] ~ [HM] s
[M?] = 3.33x102 - [OH] ~ 3.33x107
BEwn PR NRNWH? 803
[OHT/3.33x107 = 1.00x107%/5.96x107
[OH] = 2.36x107
pH = 14.00 - (log2.36 x 107) = 14.00 - 6.14 = 9.37

BT A AN AT Ay 1) 3 N

NaOH 1 197 nson Tins 2w pH i MY 1 50 500 ik ik 00an W nevw nsom
HoM 11 5w Erhneean ook wINTw Rt aTiva nown

Ritr e a i ALY AR fHRlisloy s *mmn) 0.200 M H3POy ityonn aonna (27
PO, HPO,” H,PO, H:O' ,H;POs

IR MIRNWHAR BN T Rn 00 ORA
0.200 = [H3PO4] + [HPO4] + [HPOK‘] +[PO]
[H30'] = [HPO] + 2[HPO ] + 3[POS ] + [OH]

Ki=71x10%  Ks=63x10%  K;=4.5x10" NN
nng
SOOI M2

[HsPO4lo = [H;P04] + [H:PO4T] (1)

[HsPOulo = [HsPO4] + Ki[H;PO)/[H;0']

[H3PO4] = [H3PO4l/(1 + Ky/[H;0'])

(14) mRWHI PINRD MWAN DR 27X

[H;0'] = Ky [HsPOLJ[H;0 (1 + 2Ko/[H:0'] + 3KK5/[H:0 P) + Kw/[H:07  (14)
[H:0'] = Ky[HsPOJ/{(1+K/[H;0 D[H:0' ]} IR BT MO MR 2P
[H:0'] = Ku[H:PO4lo/([H30'] +K1)

[H:;O'F + K4[Hy0'] - Ki[H;POulo = 0

[H;07] = {-K; + (Ki* + 4Ki[H:sPOJo ) ?}/2 S TINNDW MY RN WP
[H;0'] = {-7.1x10° + (50.41x10° + 5.68x107)"?}/2

[H30"] = 3.43x10% M pH = 1.46

[H2P04] {HgO] 3. 43)(10 M

{H3P04] 0.166 M (1) nRvenn P
[HPO ] = KKofHaPOJHO'F = 6.2x10° TInm

[PO™] = KK Ks[H;PO,)[H:O'] = 8.3x107°
LNIRNITHT N N DIntRE DR
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P TYRA W FOEERY YTE D
DPWn MW TPEPRT KU % JO07 0

nwmwn e (1
STEANT T2 NIRRT K IR 2w

Ag+NOy __, Ag +NOg (x
CryO7 + GHO — CHL0p + CFF (a
MnOs —p MOy + MnOy ¢
TNe
TR
Ag __, Ag+e TEnn (%
NO3 + 3¢ 4i17 ——+ NO+2H,0 —rm (2
3Ag——p 3Ag +3¢ amwn 7131 (3
3Ag +4H +NO;y — 3Ag" +NO +2H0 oo (1
T IPERRM
Cr 077 + 3¢+ 8H — 207" +4H,0 (¥
CoHsO e CHiOp + & FREalx] (:.1
3C,HLO —* 3C,H,0,+ 3¢ amwn 7on (3
Cr 07 + 3CHO + 8H — 20 + 3CH,0; + 4H,0 2o (7
B TERPRY™
MnO,> + 2¢" + 4H" ——p MnO; + 250 (4+5 6+ ) om (R
MnO> 7% MnOy +e (7+9 6+ p) 18 (2
2MnO> s 2MnOy + 2e amwn 700 (34
MO~ +4HY ___, MnO:+ 2MnOy + 2H,0 o130 (7

mRNwn PR (2
P00 12702 NYEPRIT NN TIRY oW

AgaSiy T CN™ + Oyg ™ Ag(CN)y' + 8¢y (x
CIO™ + Fe(OH)s) —» CI -+ FeO4” (2
R TYPR
AgS +4CN —— S+ 2¢"+ 2Ag(CN)y (0% 2- n nemmss) Tenn (R
Oy +4de +2H,0 —* 40H (1-% 0 » y30m) = (2
2AgsS +8CNY — 2S5 +4e +4Ag(CNY MR 71330 (3
2Ag:S + 8CN + 02+ 2H, 0 —% 28+ 4Ag(CN), +40H o1 (71
" PR
CIO +2e + H,0 ™™ CI'+ 201 (1-% 1+ m) mrn (R
Fe(OH); + 100H——» 2FeQ,” + 6¢ + 8110 (6+ 53+ n) 1enn (2
3CIO"+ 3H,0 + 2Fe(OH)s + 100H —~ 3CI+ A 5397
60H +2FeQ,” + 8H,0
3CIO" + 2Fe(OH); + 40H° . 3CI + 2FeQ4% + SH,0 o0 (1

PH™ 137 DR DOTAT WRD W PIn i RN poagnnems on (3
2-
Ag+ (‘T Cr07 (O Oz{g} (2 Clz(g) (R
4.1 ¥y wanwn

: laht
Your 821 H ann pr Clygy + 2¢ qep 2CT (R
Snv i 122 H 2 mon o Oy + 2H" + 4e” ¢—s H,0O (a
Anvpm iy H ambn v CrO7 + 14H + 66 s 200 + TH.O0 (G
yowy 87 197 H 2 nion PR Ag +ee—b Ag (1
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PRI Ay Ypwnn e nR awn 4.1 Xwvn nmva (4
Hg™ + Hggy <+ Hg™'

1MND
i mlutita
2Hg* +2¢ 4—» Hg™' g’=0.908
Hg,*' +2¢ < 2Hgy £'=0.796
2Hgy <+ Hg' +2¢ £%=-0.796 s

2 1 DENYD NN DY PIRTE DR 3

Hg® +Hggy € He'' AEY=0.112
Hulonmhiateelivdal

A€ = AE’ - 0.059/nlogQ

AE=01Qy=K S Ta 7aN
AE® = 0.059/nlogK. Y
logK = A€%/0.059 = 0.112/0.059

K =79.1

SPEPRTT W SPWEn MW V3P DR W, A3WNA n7ap% nonm Romna 1Y T Cu' oxn (5
2Cy" «—» Cu* +Cu

o AEY =My ors W 29 e STEPRTIT DTS YW DWW AT I3 wenwn 21O
T TR ®NY 0 1 92 .t Kw van

ne
4.1 waun
Cut+e " cnn g'=0.160
Cu'+e gp Cu £’=0.518
‘59031 FINIWR ARTMWHT RRIR 9NN FIOYT IRNYDT DR 79
200"+ Cu¥ +Cu AE"=0.358
logK = A£%/0.059 = 0.358/0.059 195
K =1.17x10°

oo aoana 2030 1R Cu’ 1971 vk SRewn a3 Ton TEpRTE MnK o0

SIRERRYT AR g” TR awn 4.1 Kmvantya (6
Fe'* +3¢ *+ > Fe
i)
Fe'* + e «p Fe* =077V ne’ =0.77

Fe? + 2¢ 4—p Fe =.044V ne? = -0.88
TPEPNTIN NW DR A

Fe'' +3e o, Fe ng’=-0.11V
£ =.011/3=0037V
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B & neenn 1 M Cd nosnna 9iava (Cd) ormtp nhmophan naoss A jnp mgms (7
TITAT DRI TSI 1w RUws 1 M Zn® nonna $and (Zn) var ATMURYRD nasmn
00 0PNy KA 1270 RTNeRR nnTya

(A) Cd¥+2¢ > Cd Ia°|m0.4o 1

(B) Zn* +2¢ ¥ 7Zn ] a"! =0.76 V

s 1 Zn  Cd 71 9w DYTMORORT i NTIURYRY 1MW DORNT NN wRs (R

Pl AR AP MPEERTT N Ay €7 100w aRi n arhw ThER Tunue
TR NN WA WY PIN NN 1¥nan e Za, Zn*" 1 Cd, CE** muaar iy (2
ATMEPHR D128 o) R Zatt nonna Cd nnuphs Diau AWK EpRT URenn oXt (8
2Cd** nomna Zn
WAV MAS 0T TP T M RO oo B ’nT e OH vy pou ok (7
Zn(OH) o Zo® 10w nian e /57
TR TIGETR R TRIN NG TN T NTN0RSR NOD MM RN nkn e o (7
20nuo1h oA oY

N
oy Doy (X
Zn wnn ,Cd™ 1zonn (2
Cd& aZnp(a
S e (7

rara nmopoR ,AEY = 0.36 (3

RTMRoRt 0.020 M Ag’ nomana AYIann A0 RTTOPIR B 2570 mepte /o i (8

M NP N ATMEPYR R 2RAN _AY 5 s .0.050 M Cu® novana avinun newm

Vialitateird bl

TNy

AE = A — (0.059/m)logQ 200173 DN
Agh+e +> Ag £°=0.799
Co* +2¢** Cu £’ =0.399

7L,pH = 1797 70000y &R nrsnmn DR 00I0pRR RN 0T NI 7T ORD nvenn nw (9
TRONTT RINT 1P¥An3 A70peRT 0.16 'V 7 809 70w mrn e & awn jnn s pH
ki nrgnma HY neomoann 2001 Mg 1op 3 917s awn wni menna H o™ oxa moavn anh

Pantin

mw men ot Bw 9 18.05 mwmt Fe*t ow nmm nomn w P 25.00 ox (10
(rgpsen n) O Y FeP B modomenpk amps e #13 0.1500 M KoCr05
9Fe?t Hw mm n

¥\l iaio)

3Fe + O 4—p 3R+ CrF STEPR
Cr® w ooy w0 w Cr047 933 93K

STRD ANWRN POIPTERT TR 100
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K Mx25ml=3x18.05x0.1500x2
K M=06498M

my 0.2000 M Fe?' nomn o H"n 50.00 S i78nbn jers RN nni N 2wn (11
o myw Ce™ 1 omn 2w nao 0.20000 M Ce** noven

5" 40.00 (3 S 25.00 (2 5™ 10.00 (X
5" 60.00 (7 Y 50.00 (1
Himhi>
Fe* + Ce*” P et + e’ STEPRTT
a2
[Fe**] = 0.2000 x V/(50.00 + V) PPRITTIPRI 1PN 2307
[Fe?'] = 0.2000 x (50.00 — V)/(50.00 + V)
oy
Fe?1=0.1333 M 1[Fe’']= 00333 M (R
€ = 0.77 — 0.05910g0.1333/0.0333 =0.77-0.04 =073 V
[Fe?*] = 0.0666 M 1 [Fe'] = 0.0666 M (2
£ =077 - 0.059logl =0.77-0.0=0.77V
[Fe?]=0.0222 M 1 [Fe*] = 0.0889 M G
£ = 0.77 — 0.05910g0.0222/0.0889 = 0.77 + 0.04 =0.81 V
Eep= Yo(E%c + Elc) = 1.26 V OITIPRA AP (3

WaE3 PEITITIPRA ATIPET TR
[Ce™] = 0.2000 x 50.00/(50.00 + V) = 0.091 M
[Ce™] = 0.2000 x (V - 50.00)/(50.00 + V) =0.018 M
Ry

g = 1.74 — 0.05910g0.091/0.018 =1.74 - 0.04 = 170V (n

1.50 5w yiap o7 .wa o CuSO, 1,A2:504, ZnSO, D¥ronn orwrwphr moxn (12
BT 10T TR0 WA RO P TTINPA MR 1978 A02 oy iy 1.45 TWR TV DR T 1Y 90K
Py PIR MY NI3NRA Zpwn i 7Rnnn

(AgrSO4 12v) 1NN
1.45 g Ag/107.9 g mol Ag = 1.344x107 mol Ag
mol Ag=mol e = 1.344x107 mol
1.344x10 mol x 96,485 C mol’ = 1297 coulomb
1207C=15Axts
t=1297/1.5=865s

e (heon) aen (13
PIRIA NP DNIAITHR DRTORT 7w NERNG 1907 IR RED
CoHg (), CeHls (1) .CO3™ (1) HaS04 () Eez03 (3) JH3EO4 (X)
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TMND

(D +P+4x(-2) = 0 P=8-3=+5 (®
2Fe + 3x(-2) = 0 Fe = 6/2 =+3 (2
2x(1) + S +4x(-2)y = 0 §=8-2=+6 G
C + 3x(-2) = -2 C=6-2~= {7
6C + 6x(1) =0 6C = - C=-1 &
7C + 8x(1)y =0 7C=-8 C=-87 (

BT T3 BB TEPRTIT MYWA RO RPN AN Sw ren nomn® 010w mwnl vin (14
NOQOs 2 e
JUITT TN ANWYIY WS RN MEPETT AR N0 (R
JUIT ROR ARNWRI AR TR (2
RitalstanietalisnRiatinlisian Retal i n A B

Rlels
Cu + NOy % Cu*" + NO: (x

Cu + 2NOy + 4H — Cu*" + 2NO; + 2H,0 (2
JEBITT U RN TR DU 1IN T W0 AW (J

SIS YT NRY UM WM DR YIPY (YD DR MOHND 1713) MIRIT MRNWHT IR TR (3

Ce* + HyO, —> O, + Ce* (®)
HoC204 + MOy s COy + Mn™ &)
SO& + CH,O — HaS + CO; (3
Ca(OH); + HNO; — Ca(NOs), (0
C.HsOH + Cr,0 —* CH;COOH + Cr* Q)
Tne

Ce™ + H,0; — Oy + G (x

ST AN DWW 3T DYEPRIT ONT LN 27 (a
199 ,3+ 2 4+ poraa 00 2 008 HaOa 2 1- 17129 1¥00 W 1xan (oon) axn
arem i HaO, 72any anm Cet™ 5% .neavn mawnn
SRR BV 30D TORNT IR 100 o aw (b
H,04 —_— 04 Ean
Cet'— e
O T JEROT DT HINK IR 2N P DMIRT 7D b Sonh My owhw 29 (¢
I NN eIt ooy

H,0, —* 2H + O TIENARA WM IR

Ce™ —p & WA W PR
ORI R TEPROT DTEAN PR AN 25,090 25w (d

H,0, — P 2H + O, + 2¢ YA [YUn PR

Ce* + ¢ —»  Ce NN R PR
H,), = 2H + +2¢ MR RN w29 (e

2Ce* +e = Ce™* 1

2Ce" + Hy0, = 2H  + O + 2Ce™ mve pww 2ow (f
2Ce* + H0y —» 2H + Oy + 2Ce™ RINRAT PRI (g

78



HoCoO4 + MnQy ~—p  COyg + Mn®" (a
NTR-TIERN PYPRT O NWRYT 9% (a
DR AN 10 445 340 nem 2+ Y 74 5 nay 1 s PEsng (1eon) L
XM VAT TIAR VN9 (N RIN) NIXRNND NT0RINT AR
TUEPRIE NEAR 3w 79N DR Ton o 20w (b
Hy(Cr0y — COny AR ealy
MnOs —+ Mn™ Rt
DI YD TEAME 1A BTN DR 3UNK P MR 9D 225k nonr MW owhw 37w (e
ST ATREI YWY oY
HoCoOy  —p 2C0xy IRRNT TR
TPYRM IO TURPRI 1R M A0
HyCo04 ——s 2C00 + 2H
MnGs; ™ Mn®' T IR
2% o ATIPTIND QIR AT (XA MIUR 4 fP0NT? X
MnOs; — Mn* + 4H0
MR O3 BP0 M NTUR NN SW ATy W
8H" + MnOs % Mn* + 4H;0
VOB N PRI ITES NITR YR 2w ,van 25w (d
HyCh03 7% 200y, + 2H" + 2¢ PIERN2 WO NN
S¢° + 8H™ + MnQOs; —» Mn*" + 4H,0 PP WD PR
5X[HoCoO4 = 2COyq + 2H™ + 2¢7] mmwn nion ,wan 20w (e
2x[ 56 + 8H' + MnOs; = Mn®™ + 4H;0]
mao ww 2w (F
SH,C04 + 16H" +2 MOy = 10 COyy + 10H" + 2 Mn®"+ 8 H,O
5HpCy04 + 6H' +2 MnOy = 10 COyg + 2 Mn™ + 8 H0O  :omnT ok P (g

SH,CaO4 + 6H +2MnOy —p  10COyg + 2Mn®" + 8H2O  :ip™in (b
JUBRM A0DT D3NN NINRD

Trn-pgan penen - SO, + CH,O — > HS + CO, G
25 6+ 1 12y MPENA YW NEANT (IH0K) YL MPN-TERN PR ORA WK 270 (a
(AT ST TERRND TATIRAMON 197 IR W 157 4+ 50 npnen 7
(J¥nnn 1) “mhn neIom
EPRT MY et Phann Nk 1R w20 (b
CH;O —  COyy I%en
SOf ., HS  ovm
DI I TEAR 1A% OK DR 37K P AR 7D 727 Tonn e w290 (¢
SN MR Y ooy
CH, O —*  COgp  MEnnn PrR
YYD 37202 TEPROT 107 1P A0

CH;0 + HyO ——p COyy + 4" o Aowm

SO/ H,8 “PMT IOR

10H™ + 80& —* H,S + 4H,0 n I T I noT
TR TAWY TIPRMT AT POR v 10w (d

CH,O — > COyq + 4H° + 4e AN 0D NN

10H + SO + 8¢ —s HyS + 4H0 S IR PR
2[CHL0 = COyy + 2H™ + 2¢7] MWD DR Wi 29 (e

IOH® + SO~ + 8 = H,S + 4H:0

ST DYILR WY @IS0 VAW 27w e 39w (£.8
SO + 2H" + 2CH,O = H,S + 2CO; + 2ZH0

SO +2H + 2CH,O  —p Hu8 + 2CO; + 2 H20 s (h
JPURM 0T RN NINRD
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Ca(OH); + HNO3 s Ca(NOs), (7
TR IR TR

CHsOH + Cr,07 ~™® CHi;COOH + ¢t (¢

T PSR DRYWD
L340 % G Y man W NRnnT (Te0n) Ixn Trr-TIRan SYPRTET ORI IwRY 29w (a

(ATRR MT) TLAWT SUNNT NS 197 0OR 7 2 1 PORDTY (JUAEND W) W Tas 15
TRPRYT NIES AW hann A8 e o 3w (b

C,H:OH — CH3;COOH iksale!
Cr07% oy cr’ T

DI 1D TEAM AT I0R DR VAR P DTONT 3 00a 00 MW vy 25w (o

ST gD vy oty

WP U0 LTIV O MTIPTIND GINR 0N IR0 IR I TN R SRR IR

O A QMR A0, 1AM IR 0

CHsOH + H,0 —* CH;COOH + 4H"
WL I UATISD TEAMIT LI W IR SIS A WRT SNPRT PIN
109 DDIIY AR NN IR TN DNpY 11 0% M0 50N
14H" + Cr07 ey 2007 + THO

ORI AW TTRPRI AR PR e 25w (d

CHsOH + H;0 —» CH;COOH + 4H" + 4¢ XN IWOR TR

6 +14H" + Cr,04 — 2Cr" + THO P WOn PR
AMYR 0100 0N 298 (e

3{C,H;OH + H,O = CH;COOH + 4H™ + 4¢7]
2[6e” +14H' + Cr0O4 = 2077 + THO)
T OIOR DN D30 Ve oW ww abw (fg
3C,HsOH + 2Cn0;” + 16H" = 3CH;COOH + 4Cr" +11H0

3C,HsOH + 2Cr074 + 16H" =+ 3CH;COOH + 4CF°" +11H,0  :vxpen (h
JTOR OB IR DANKA

arepre NUNPT(E MYE T Zo® (1 MY/Zn "y posvmon avsvophsi &0 (16

Zng + Ni*'(ag, IM) ——> Zn”'(aq, IM) + Nig
A+0.51 volt 5w mxime o°

SITIRT R AR TR K T0POR IR (R
JATEPYRT P neei v (2

- 0.76 volt ®7 para 5w € Hrexaen X HPtIR YW N SRORIme Yw wny - (3

1D

ATIREBY Y97HW WY R TR RN VAR ATOPOR 199 Zn Y 18nnnn Snom pass

XU TIOPT KT 129 mnnn Spea D SRR 3 LnuphRY Mpnit Xonw e (b
LParn nTIRDIE) 12n

SN YOI DTN PARD K IPEND DU 80T 7Y 2ROImsnY 1170

Ziy — Zn(aq) €%=+0.76 volt  1xnn ,TIRD
Ni*'(aq) + 2¢° —> Nig €% =7 volt TR TR
Zng + Nit'(aq) — Zn°'(aq) + Nigy  AE" = +0.51 voit 71 m¥pr™m

0.25volt  Ni*'(aq) + 2¢ ——— Nigy  myprnnay € pwnpy
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SR NTEPRCTT ATRAN 7w ORI 20 0N (17

PR (pruoma) €°
C}.z(aq) + 28 cp 2Cl-(3q) +1.360
B[‘z{aq) + 2e — ZBI‘-(aq) +1.08
Snteg + 26 —s S0 +0.15
APy + 36 Alg - 1.66

PEPRI Y YW PPRIEIION MK 2w (R
Q.A]{s) + 38n4+(5q) R 2A13+(aq) + 3Sn2+{aq)
2Clag + By —*  2Brag + Chey
(P2 PR T3 DINND T TIT) TR FRAwY TAN 1Nwn AT (3

Y0

Iy + 3%y ——> 2AP g + 3807gg  ANUNKATIPRTI

o €8 S5y NR RN ATEAN THYY AIWRAR YRR 0K P (a

NITEPRTI g°
2[Aky —» Ai”gaq} + 3¢] +1.66 volt
38 e + 260 T S (ug)] +0.15 volt

2Alg + 3S0%g T 2A1%qg + 3Sn% AEY = +1.81 volt moo1 (b
) aq) {(aq) aq}

BRI TV T (P SRAWE) O A 7102 ToN ANWR BEXRRT 21p0D (c
1Sn%" wRn N PRt Al ™S N2 PR NI DTN APT ERpRT
AP wwin any pin o Snt

2Clag + Bray —— 2Brag + Chg ST PR
o £° U9y AR DU ATERR WY AIWRTN TUEPRTIN DK P (a
NTEPR™N g’
2Claq ~% Chag *+ 2¢ -1.360 volt
Bryag + 28 —» 2Brag 4+ 1.08 volt

20}.—(30‘) + Braag —  IBtap * Clagag) AEY= .028 volt noma (b
T 7D (ORAWS PEUR) D2 T R Ton YR PR NIpon (c
Sy WhN YRR Bry 09 MR IERRON NN nwtn St ARG PRSI
B wsn sne won o CF 1 Ch wwn

SPPRI W SPwAN MW Y (2) 1 UITI0N PRIEIMS (R) DR 2w 4.1 ®5avua woumen (18

2 2
Fei + Cd +(acs) e FE +(a<i) + Cdg
PRI X IRNA MOVPIRA RO PRXIND IR 207 (3

[Cd*']=1.0 M1 [Fe’'] = 0.010 M w2 (1
[Cd®]=0.010 M [Fe¥]= 1.0 M wxy (2

2T T PRI NG DI 11077 AN 2°0R SW Spwian MW MM YT R &
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TND

DPUTIU0 DPRINT TRIEINGT DR MW PRI (X

Fewpg — = Fellug + 2¢ € =+044Vv
Cd' + 2¢ ——s Cd g’ = .0.40 volt
Few + Cdpy —  Fe¥'yy + Cdg AE® = +0.04 V

FVEPRT W DRWRT Y YIP IR 2Wn (3

2 2
Few + Cd gy ——> Fe''uy + Cdg

log K = nAE%0.059 AR
log K = 2.00 x 0.04/0.059 = 135
K =226

oIz nxnwna (1) 2 o3XRIN5 IR 2783 uvs (3
AE = AE® - 0.059/mlog([Fe*" Y[Cd*] = +0.04 - 0.059/2log(0.010/1.0) = +0.10 V

{(2) 3R AR 3

AE = AE" - 0.059/nlog([Fe*'/[Cd*] = +0.04 - 0.059/2l0og(1.0/0.010) = -0.02 V
12 ans7e 72X (2) 2 oRans e EPRT DR YR

F62+(aq,;_0M) + Cd(s) — Fe(s) + Cd2+(aq, 0.010 M) AE = +0.02V

T IRPRN NPTIND DT N OR TEPRMI 090 AW W 9pwnn M om m an (1
RapconyhicieRapinty
K = 22.6 = [Fe¥'/[Cd*]
PR IPWH MWD PN ASWHT TWRD OO Y OPUTIIN0 S0 YR NN RN
. 4V Ris=iathtith thBabetuh bl i vl
K =226 =(1.0+ x)/(1.0 - x) by
x = 0915
[CA¥] = 0.085M 1[Fe’] = 1.915 M :Hpwn "rwa 1> 152

IR TR ERD AUTANR RNow naxna (19
Pbey + 25045y ————»  PbSOuy + 2¢

ot I 0T e 073 500.0 nnotwn bR nont onk 1.50 P anr peun i qa8n ox
o3 207.2 837 DO9IET DR NOA AR 1ann NS nTuphew 1eh any

e
IPI0RRR S ot W e nonn YW TR 21 arnwnnn n:
ol
ey mr 4 CLvon € nmuph Yw o nuow Sw ot € nmpw b on
500.0/207.2 = 2.413 mol IR Bw R W
2.413x2 = 4.826 ATWPTR Sw oM
4.826 mol e‘(9.65:;1104 charges/l mole’) = 4.66x10° C Saghitiviary uiaieraReNit/als!
1.5 Amp x t (s) = 4.66x10° C :1.5 Amp 7 (t) Jarm 2wen

t = 310x10°s = 86.2h
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BOEUERYT RN PR

v e (1
a) CH3NH;, b) C,04%, ¢) Br, d) CH:CN,
e) ethylenediamine (en), f) phenantroline, g) N
Polydentate (2 it Monodentate (8 X117

ne
(a), (), (d), (g) on Monodentate o717 (8
(b), (&), (f) on Polydentate o73x'7 (2

POPYDI W DTN DR P R T (R (2
a) Fe(NH;3)4Clz, by PtINH3)(NCS)(Br), tpanit 11 nru?s? mwp NCS 1
¢) Co(NH3)3(NG2)s, 1 117 gvap mwp NO, 11 d) Co(en)Cly

» [
LTPTOmIPT DTSN IR TR D W Pennn 2xn wn (2

anm
3+ (d,3+ (e 2+ (b 2+ @@

15 OpYEmIp YW DR 330 IR 18 tris(ethylenediamine)cobalt (1) op7empi 1ina (3
JHaNCH;CHZNH; 1x»1 190t nnon

pans
JIREN RTINS TIONN PLDIR PTTITR

v Mn(CN)* opomip Dax ,moanm-x7 maruphR wren v Mn®* 5w oropbnmpn a1 (4
WA TN DIRON DY 1 AYDIN 30T TR ANR-RY PR

NS
Monm 19 T M s Mn?t e mophemipn iy 3d° et s Ma® Y
s 1791 M3 M 90s Mo(CNYY ophemipa e 1ty M T2 GYIDNE DUT0RNG
IR AMIA-RD TEPYR 0T 0pRempY W 19ty TN RORNMA1 QUIUPIRT NWRA

S 7R e 137 kimol ™ wn Cu(H,0)6™ Way Ao "o m7wn w ween e 7w (5
7 ophenp Y913 (omon1aad)

Aamials
hv= Ay = hc/h
h=6.626x 107 kl's
¢=2998%10°ms'=2.998 x 10" nm s
A =6.626x 10% kJ s x 2.998 x 10" nm s x 6.022 x10% molecule mol''/137 kJ mol”
A=873.2nm

mOpYERIP Ay TRaT TR0 "M oo N R Y (X (6
a) Fe(CN)s", b) Co(NHs)s", ¢) Fe(H20)s™", d) CrFs"
SUINAND DT T DPUBARTT BOPReR 1R (3
EPYNND DOPROMIPT NIV DOANTA-RY DAMUEYRA 90 DR 1N (4
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nD

Fe(CN)s™ .(a
(tag) (el M3 100 ,( t2e)” T3 1780 (X
WIS (tzg) W 13D PP M s (2
1 aeavn-xo avarmephnn oon (3

Co(NHz)s™" (b
(t2) (e0)® M2 100 ( tzp)® T2 1BO (R
WIHRT OpEMP (2
oUHMIR-KY DR PR (3

FG(H20)53+ (C

(tze) ()" A OO ,( tap)” I3 7BE (K
T2 790 WD optene (2

5 Ban-RD DonuphR s (3

CrFe™" (d
(ta)(ep)' M3 7B ( to)* i3 100 (X
T3 POD wARTD ORI T e (4
4 mNTH-87 0°310RYR 50 (3

I "TI94 TH0" A1 OV RIT DUWNT DO0PRDmpnR 17IRD MRIupe0: 51 By fanona (7
TR S0 WY ONME-RD DOITUPRN 0D LOTLIMRTT IR DDA 0 o TR Mg oot

by IPIEORIT TIT NIN IRAY TT WTANT 0T PTI0 Wonn (D0t orophenipn
Ratrimiraty Rathi b

a) [Fe(CN)6]*, b) [MnFe] ¥, ¢) [Cr(en)s]*", d) [Cu(phen)s] ™,

NG
[Fe(CN)6]* (a

SURDRT TN 7O ,(tze)° 71320 ,3d°

[MnFs]* (b

DUIOPIR TR U0 M3 790 (ty)” (o)’ maan ,3d°

[Cr(en)s]*" (c
TR WY WIene (fy) 11 i ,3d

[Cu(phen)s] > (d
SR T0POR LRI ,(tgg)6 (e:g)3 Tha e 3d

ST Y Aoven 0o R R Coa(SOy4)s moan »w nmvn novna Co(II) nym (8
Drpnn 3wn Co(TI) 7 5w s1muphRi 3200 07 .uanne N noowt nomng Frour e

D
R (t:zg)6 a3 13 AR Ag TW 192 Co(H20)6™ opvemips Yapnn oma nivan nonma
ophomIPR AR Dapn B Oav B DT ATIva SunaReT ephemp 199 Dunm K2 enupir

DA 109 DT RY BTITICRTR VAR DY (tzg)4 (eg)2 3900 199 T Ag 7w Tew CoFy
JPRIRIS MY noew
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pH=8 (2 pH =3 (820.0150 M sm>w NiY? nowana NiZ*nom nr awn (9
Narshighl
NP+ YY" 2 NiYT NIY*J{INETIY*]} = Kay = 42x10° (2
pH=3 120 =25x10"" (b
pH =813 ay=54x10" (c

N5
NiY?] = 0.0150 - [Ni*] Jomwp M
[NiY*] = 0.0150 Sy [NF2T] IR AT TWORY 7

N Bon1 opsampn hr o EDTA M Ni** 5 pw e
Ni2] = [Y*]+ [HY>] + [HY?] + [Hy Y] + [HeY] = Cr
a=[Y*"YCr W
SEwnT MW MKTWRY? 1R 0757V 07103
NIV (N ICr) = NIV VINEF = oy
pH=32
0.0150/INF P = 2.5x10™ x 4.2x10" = 1.05x10°
NPT = (1.43x10"%)? = 1.2x10° M
NPT AN
pH=81
oKy = 5.4x107 x 4.2x10' = 2.27x10'
N2 = (0.0150/2.27x10'%) "% = 8.1x10"° M )

2 5.00x10° M 9w 1ama Ca®™ v B Y™ 50.0 B nmumopromp mnwea (10
b oy Ca2’™ 1 war novan® o 1.00x107 M 5w n>ma EDTA oy pH =10.0
0 EDTA-7T0 opomipn nvy y1ap ax EDTA 7" 35 (3125 (2,10 (8
[CaY>J(Ca*[Y*]) = Ky = 5.0x10"
035 xmpH=10.02 EDTA 050 oy 3 7M1

5 ppvomPR o Nk &ea EDTA 71 non 1191 7w 7901 23 e Ca® 7™ Nk awn
.pCa

NS
Y WER ARTIPN TYRWITY 172

[CaY*Y([Ca?'Cr) = ouKpy = 0.35 x 5.0x10" = 1.75x10"

Y ROW 0o amiRn aomn e rwewm Ca®t A nov EDTA 22 10,0 noowt “nR? (X
KA 19N wen 10 DEYBMIPT 1M FRWA MW aan A7k v anmm EDTA 5 oy
% .Cr
[Ca2] = (50.0 x 5.00x107 - 10.0 x 1.00x107)/(50.0 + 10.0) + Cr
Somp I weWIn 1700 1o Cr navinw
[Ca*"] = 2.50%107
pCa=2.60

ammw EDTA 1 17707 210 5w oonennin oonams v EDTA "0 25.0 noows nxe (2
CaY? 11 noom PR IR APRE WYY 03 ,2uR1 (DPITpR nTpI)
[CaY?] = 50.0 x 5x107/(50.0 + 25.0) = 3.33x10°
T anev YA (Cr ) O WHIET YT0N M MDY DR VORI T AT 10vn
3o .OPRERIPE NI ARVW2 BN 1717 WO

3.33x10%/Ca> | = 1.75x10™
[Ca®") = 4.36x107
pCa=6.36
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T AR AT BO93 IR0 03 {DuIrmpRs el avn) EDTA 5" 35.0 neowr anxb (o
SapI WIS 7700
[CaY®]=50.0 x 5x107%/85 = 2.94x10°M [CaY™] ay
(Cr) gopbomp v 5w EDTA 7 nan

Cr=[EDTA] = (35.0 x 1.00x107 - 50.0 x 5.00x107)/85.0 = 1.18x107
bl

2.94x10°%/(JCa*'] x 1.18x107 = 1.75x10"°

[Ca®™]=1.42x10"°

pCa=9.85

U TINPRER S PhR

Y pR mpTaw b (ava LpTaan wnn &Y% o) orTen nyha ok oz w1
T

D
Ag PTITRNT TTIRG PUD W ¥RIIN W YD A0 OvInT XA NPT pI730 noTmn
Ap = Agpw - Ag a1 B P e B awhan LA mvha vy o

NrrTs BT g Wt & AT nTen nwaph (2

ng

LR NYAN RTTTAN T50A2 MPN 0700 TV YW 00eUnea PYT IR ApteDTna T 90
De1 DOP1S™A T D AN DT 100 AVPTE MITEAD 92 DR YT SRna T 0
LE Y W unenns T IR T (s 1)

MIRAT MREINT AR 701 20 Y W RAD Y912 0N W DUmepe0 aph1a (3
Qpnrp 100 1 paban npaa 7w arn (R
=EURPR 10 7 WA NPT T o (2
T v (A) avehan Tw

[3=xmi etol ,5.00x10“ L mol” em™ » pow L&, Sw nytean oTpn T o (s
T

0D

A = loglyT = logl00/10 = logl0 = 1 (2,8)
e = 50010 = A/Cl = 1/Cx2; C = 128 = 10° mole iter? (3

SR 07730 Y MUDIR YT BYA KN2 ATUmoIBTIoRes Ipta Y 1 X ominn I oins nowmn (4
A= 500 nm 21 A =0.400 400 nm 3,71 *2MR "W 3 DIWO0PA TINY OV MY Y IREAI
onn fea Y e 500 nm 3 ot spn ayrva X coeRan ohasnan avmn® (0,500
DOPYT AT IR 3w D a2 O e nten 400 nm 2
T P VTR TR 1T

(L mol” cm™) nwvan opn (nm) P37 TIR 20070
2.50 x 10* 500 X
5.00x 10° 400 X
2.00 x 10* 400 Y
4.00x10° 500 Y

Cy 1 Cx ot awn
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b

0.500 = 8x50(jX Cx + Sysoﬁx Cy
0.400 = g¥404% Cy+ £7400x Cx
Cy = 0.500/2.50 x 10* — (4.00 x 10%/2.50 x 10HC,

Cy=2.00 x 107 - 0.16Cy
Cy = 0.400/2.00 x 10* — (5.00 x 10%/2.00 x 109C,

C, =2.00 x 107 - 0.25C,
C,=2.00x 10”° -0.16(2.00 x 10” — 0.25Cy)
Ce=2.00x 10° - 0.32 x 107 + 0.04C,

0.96C, = 1.68 x 10°
Cy=1.75x 10° mol L
Cy=2.00x10°-025x1.75x 10°

C,=1.56 % 10° mol L™
hiria

0.500=250x10*x 1.75x 10° +4.00x 10° x 1.56 x 10” =

=0.4375 + 6.24 x 107 = 0.499% = $.500

0.400=2.00%10*x 156 % 10°+5.00x10°x 1.75x 107 =
= 312 + 0.0875 = 0.3995 = 0.400

TS FRUOINR TR A

arpre (1
204 > 30,

SEpienn st d{Ox)/de ,dfO;)/dt 1o pwpn an

Sinieht
(1/3)d[Ox)/dt = -(1/2)d[Os)/dt = 17xpRmn Mo

AV FIEZRCT AT IR VTN B ATIWD prm e oma ol an o (2
TR 708 YRR (R

Y 707 TIPRT (2
Y TTOR TEPR™ (A

itsl)

st (&
Lmol's? (z
LPmol”s’ (

g ~rom wo (1) 8w PRRT P18 NEpRew . (3
K[O3]* = mreprom nvmn

205 T 30, 3 2NN TAPRT OR
3 NANDI YT YRR TR PaRHN PN T 0

0, "% 320,

K7 9K 1w an 1w nmmn pn Rk 0 kK hnRa $1ap7 X
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R hlels

-(1/2)d[OaV/di = k[0 = nmwxmi1 expon mrm . (8

-A[Os]/dt = K°[Oo] = mmawn mypion M (2

TR IEAR {7 AR 19 18D nedyaw Gy YW DN mnd IR TEeRTa (4
2k =Xk’ 12" mawn

VRS P AR Deen oo Yenn My FeBT b s s W nprurpn oo rena (4
- d[Fe”"/dt = k[Fe* TP(Oy)

k=3.7x10°Lmol" atm™h" ,0.5 M HCIO, mnau 35 °C 27 xuna

Swooowea v s ng 35 °C 2 wn pvap (P(O9) = 0.2 atm) 1enna prvw wmna (X
TRy mownn 0.5 M HCLO, 2 0.1 M Fe*” nomn

0.01 M%7 Fe?* mrom awg v may o ann (2

Jne
Y TN DT NN 0T AW 708 PRI MY (X
tin= L(k[Fe* I[PO)] = V(3. 7x10° x0.1x0.2) =135 x 10*h = 5.6 x 10* d
VAP AT T WRD W 700 MERRDT MY ’Abis (:1
/e = 1/cq + k[P(OD]L
1/0.01=1/0.1+3.7x10°x 02 x ¢
100=10+74x10"x ¢

t=5.1x10°d
LCL nomnz 45 0C 2 NLOs pro May Yoapnn ooopn namw (S
[N2Os] feapiirm oty [N2Os] mmwa jar
mol L t s mol L™ t,
1.36 867 2.33 0
1.11 1198 ) 2.08 184
0.72 1877 1.91 319
0.55 2315 1.67 526

73 R oo wa wanwn A[NROs)/At May 20079 5w TIp1 QYERWa D080 IR 00T (R
TR PN AV 000y avaw 7apv

-A[N»O5)/At = k[N2Os}

QWRY FPEPRME B DORR DOLAN 10T DR REA K 7 AR awm t 10 InfN,Os] R A3 en (2
o1y ng s

RAmih
(%
[N2Os] = (2.33 - 2.08)/2 =2.20 At = 184 ,A[N2Os] = 0.25:wxnn yapn (0
k=(0.25/184)/2.20=6.18 x 107 ¢!
NoOs] = (2.08 — 1.91)/2 = 2.00 At = 135 ,A[N2Os}=0.17 3w ynapn (I

k= (0.17/135)/2.00 =630 x 107 s
x 10 s 0919 6.1 ,6.3 ,6.1 ,6.0,6.5 :MROINM W 22 b i

1R



(o

[Ng()s] ln[NQOS} i ihli7im i talt [NzOs} }Il[NgOs] nveaws ey
mol L t,s mol L™ t,s
1.36 0.307 867 2.33 0.846 0
1.11 0.104 1168 2.08 0.732 184
0.72 -0.329 1877 1.91 0.647 319
0.55 -0.598 2315 1.67 0.513 526
mC=InCo~kt 27 YR TION PRI

971 — 6.0 x 107 s W wvwn TWw W R Ima €Y 1Epnes In C mon vy
6.00 x 10 7 a0 nrvima map T

k= In 2/t =0.693/tin SPWRD T MY 0 mD
ama 12 C mbnn vy

t(s) cMh
0 2.33
1155 1.165
k=0.693/1155=6.00x 1075 o)

e (6
I+ QCl" ~— CI'+ 0T

diOI'ydt = K’ [T){OCT] DYTIRR PN DR N

[OH] = 1.00 M, 0.50 M, 0.25 M orroean 1y .OH 1 112+ o K7 @ R¥mn1 7aK
PPOPTITTR TR oA PR o win K = 61, 120, 230 M g nokna s

NG
I WIARD 1T W 10T ooy By 10 s [OH] oy
kK’ =k[OHT™ 1>
k'=230M"s" [OH]=025M (x
k*=120M" 5" [OH]=0.50 M (2
kK=61M's" [OH]=1.00M (
230/120 = (0.50/0.25)"" (2) 1 (%) Tnn
—o = .94
a=-0.94
230/61 = (1.00/0.25) ¢ (3) 1 (%) T
- =0.96
o = -0.96
120/61 = (0.50/0.25)° (1)1 Q) nn
—o. = (.98
o =-0.98

1 R TRPRIM I0W IETT 17301 o = -0.96 yRiman T
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S i REBIW NITUTTON P IR QRN 82T Paannw arn () (7
K

OCT +Hy0 > HOCI+OH (7rn Tpwn )
ky
HOCI+T —— HOI+Cl ("vR)
HOI+OH ——» H,O+Cr ()
Ky 2y Fapnan Twn vin (2
SAMIE
d[I'Vdt = k[HOCHT] (r
K = [HOCI[OHJ/[OCI']
[HOCI] = K[OCI')/[OH]
dfI")/dt = (ko KAOH DIOCTHIT
d[I')/dt = kK’[OCIfI]
= kKJOH] plifw
K'[OH] =K W

L6 TORA mhamnmy IREINT DR NARIN RN

koK i awna oo [OHT] 1K »onw ooina 1 abRwa (2

k(Mg [OH], M K’ [OH]=kK (s
230 0.25 57.5 {1
120 0.50 60.0 (I
61 1.00 61.0 (111
59.5 + 1.5 A atat
Kkz = 60 S—1
ks
O+Qy—* 20, SPEPRT Ay (8

25 9C Hw mrwwmenva k= 5.1x10° L mol'sT1 B, =19.1 kI mol™! ammwn ovnma
.100 °C w nmumenva k ok 2wn

D
k.?m’ ewEafRT .l
5 1 X 106 e koe»l9.l/8.3l44x 10-3 x 298
ko=1.14 x 10"

10 ,-19.1/8. .
k3= 1.14x 10 el91/83144x1[}3x373

k;=2.40x 10" L mol' s
ky=2.4x10" 1, mol s

CO, 2 (7r3nTn) b avrbup nwww carbonic anhydraze oongn nx Yon amw-aaw ot (4
HCO;™ nnb 10 (o1 onm)
CO+HO——p  HCO + H
00 T0IR-0TRI WP
Km=8x10°M1 ky=6x10°s"
2CO5 71 7237 DHX TN W PWRY TT0R YA pR ot 010 M CO o (R
21.0 x 10°°M 30 oomass 11970 or onven CO- 1190 50% Sw mesyn v np» mrann (2

R T I .10 S TV R RTYERn ’9Y pH = 7 2yt CO, SW o%nn neunm i e
ZUTIRG NS 7RI 107 Sntwa Toan iy
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anlatal
JRTBOIIeT T DR 1T ’i:J‘? T UROBDID TIOTT T IPTIN T LDER b () (N
dP/dt = k,[ES]r =6 x 10°x 1.0x 10" (2
dP=6.0x 107dt
SPETLITR
50% t
P =6x 107
100% 0
0.05 = 0.6t
t = 0.05/06 = 0,083 s

FeAYD ARPTRRITTIRNR 1w PUB

(3} OHIN'T 3 DTANINT DR v AR s nr qea (1
(PV) moz-pri> nmay »w 100 m® Pa (%
(PV) no3-yn? n1ay 2w 100 L atm (2
ot w100 cal (0
nawn Ay v 100CV (7

inlal
1007 (7 41876 1.01x10°J(z 100J(r

"R SHoRa AR 2" Py, Va, To % Py, Vi, T 2 7112 2003 1nwh 12 %0 Xnat w37y (2
25 D9TI0n MW OOKY T MR TX AE Y ,w g LAV LAP AT owanon P, Vi, Ti ?

inieh)
ooxl o oo AE Y LAV AP AT Yw ooonun

R AW DR 2.0 5w yiap yrva 300 YK B 200 » mutR o SRR 19 mr vm (3
.Cp=5/2R 2 man joules 275 ,AH ,AE ,w ,q

YIND
p =2 atm=2x 1.013x10° Pa = 2.026x10° Pa ,n = 1 mol :0nm
AT =100K ,Cp=5/2R =20.8 J mol’ K’
gp=nCpAT = 1 mol x 20.8 J mol’ K x 100 K = 2.08 kJ
W= - PAV = - P(RTo/P -RT|/P) = - R(T; — T1) = - 100R = - 0.831 kJ
AE=w+q=2.08-083=125k]
AH= qr = 2.08 kJ

NN TR P = Pey © 70 URY "1 92 FII3P 10TI0A02 UWHND TACTR 1A W TR 7 R (4
Tt oeRana g Wy ’newn tinow = RTIn(V/V2)

il
AE=0 15 AT =0y wap T ana
AE=q+w=0 oK
q=-w ks
q = - RTIn(V1/V3) W oNEY
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DIPRINZ KEDITY I 1703 Y oaw oenY 1T NIAn Do REND ORUTR 190 TR D (5
T OO I IR R TATY I 1R OWIND RS 10y 2y AR AR jw g nR awn

Y 1 S TRy MY Ken & Joule W Sy xpN Joule MY AnwRT? YW 11000
JURNN DTN 1 DRI WRD AT IRDIDD T

ne
w=10 129 7TIaY 93 anwys &Y O Thana
q=0 199 nnn orrnan o oann
AT =0 199 TIENDRY P PR TN
AE =CyAT =0 TRODY
AH = CpAT =0
oybilaran)

DO Y O W

IR ATEERTA Ay 25 °C 2 AH™ i awny *13 8.1 8hav bw oosawa wanwn (6

&) F6203(s) + 3C0(g) R 3C02(g) + ZFG(S)

=) ZHOxg) ——»  2H20(+ Oxg
by Ng+NOg ™  Nyg+Og)
a7TIND
AH™ = 5L AH™; (products)} - = {AH™; (reactants)}
r
FeyOs + 3C0O " 300y + 2Fey
AH™ =3 % -393.509 — (3 x -110.525 + -824.2) = - 24.8
AH™ = 24 8 kJ mo}”
(o
2H:005) ¢—p  2H20+ Ocy)
AH™ =2 % -241.818 -2 x ~136.31) = -211.02
AH™ = .211.02 kJ mol’
@

Nig+NOg <+— Nogt+Op
AH™ = 249,170 ~ (472.704 + 90.25) = -313.78

AH™ = _313.78 kJ mol™

TTT0AUD O MR T MOTR 139 TR T T2y PIvEY int o't 3 AS nr awn (7
R

D
AS = nRIn(Vy/V1) = 8.3 x In2 = 5.76 mol™* K"

PYaysans Ay 298.15 K 3 AS™Y nig awn (8.3) newisinas nremuiNg rivav Tim (8
AgClery (30, NOs (g) (2 ,NO (g) (8 :mxan

ne

1)2N2(g) +1/204(g) «—»NO(g) (s

AS™0 = S™ONO) ~ (S™U(N) + §™%(02)
=210.65 — 1/2(191.50 + 205.03)
=12.39 Jmol" K

47




1/2Na(g) + Os(g) ¢——>NO2 () (2
AS™ = S™INOy) ~ %aS™(Ny) - S™(O,)
=239.95-%x 191.50 - 205.03

=_60.83 Jmol' K
Agcry + 1/2(:12(%) G AgCICW

(>
AS™P; = §™(AgCI) - %S™(Cly) - S™(Ag)
=962 — Y2 x 222.957 - 42.55

=-57.83 I mol' K

ni awnh o3 8.1 Xoawa AH™Y: somw namipn mhoxwa AS™; szmy ay mawna wanwn (9
8.4 K503 7R O NSIPW OOV AR TIWE . Menng Yo e 25 %C 2 AG™%;

ns
AGP = AH™ -TAS™;

NO(g) (%
AG™0; (NO) = -90.25 — (298.15 x 12.39) = 86.56 kI mol’’
NOxg) (2
AG™{NO,) = 33.18 — (298.15 x — 60.83) = 51.32 kI mot™
AgClery (3
AG™{AgCl) = -127.068 — (298.15 x — 57.83) = -109.83 kJ mol"*
13 198 oo wanwn AH™,, = 40.7 kJ mol™ 1 AH™ ey = 6.02 KJ mol ™ ,om v (11
SSea IPRNT-NTIRI nRoeE 31ap it 0 °C 3 (Kg) mn Re'pn-nipa N ap Ik awn®
100 °C 2 (Kyp)
i)
Ko = (R % To? X M.W .so1,)/(1000 x AH™ ) =

=(8.31 x 10 x 373.15* x 18)/1000 x 40.7 = 0.512 K m™
Ke= (R x To> x M.W.o1)/(1000 x AH™ ) =

=(8.31 x 107 x 273.152 x 18)/1000 x 6.02 = 1.85 K m"

43



BOEEY IS o el

2001-2002 naw n3na
MR ATy

STINDA B e nown s (1

TEON TR TSR YA WM 003 1R YR TIE AN TUSH ENIND NI 0Tmn KU 013 nenn
OH w H s2r v o000 Ko 7ovenn pH X 9uw’ K17 19130 nosnn

IR WP IR Oy oA Sy ooy (multidendantes Yoenwsp 0NNKR 00 BY oAt i (2
(unidentate)

TNK QY IR WRD NT 20 DUopbemp TR IN0NT Y90 T 2R W 0TWAR OTINR TDon oy ova?
abwa AWy TRORReMIET TN L1 W2 MK ophentp 1UpT O ey B0 7172 0,10 7Y Nt I W
TN D MR OF T390 MR DY 211w b0 010 MR DURYY R R

ST TTIORN BW 0TTIN0T DRI MW KIT T MOOTPET R Y 0100 senams Ry (3
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Ecen = Ecathode = EAnode

NPEPN WEN DY 2WR03I0S 071 197 MTHURYR DY 07oR7a0 05 Eancde 1 Ecathode W 217 2WH
SR TIND DRI
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DI F0MI STRAIIW IR AT TN DRNWR DR N5 (2
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:‘;pzzm RNt abiiiial (N
HY *+—* HY + H;0"
H;Y < HoY" + H:O'
HY* «—*  HY" + H,0"
HY <« Y* + H;0'

[HsY]o = [HeY] + [HsY] + [HoY ) + [HY ]+ Y] YT MW RN
[H:0°] = [HsY] + 2[HyY2] + 3[HY ] + 4{Y*] + [OH] VBRI W AR

gt oR 1x107 M Cd® a9omn aomana mnawn (Cd) oratp 2o nTopoRa YR7EIms DK awn (5
X113 Cd*" Bw suamvon

Cd™ + 2¢ o—p Cd, E® = -0.403 volt

107 M 99 wymsoon 1o Cd*Foa en Ty aRenm myaws o

E = E’ - (0.059/2)logl/[Cd*] RO PEPRT AV 903N DRYY
E = -0.403 - (0.059/2)log1/10? 2apn B 1119730 2009 AR Pwoy 0753
E = -0.403 - (0.059/2)log100 W
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E = -0.403 - (0.059/2)x2 = «(.462 volt 9
NYITOD LEINN0 XU TOD N7 NTIRDI00 IR CA* yem 5 AR VT PRISINDT YW T 10000
1 M 5w P WY TRRNT TWRD M0 ¥0ER 107 M 1o epRen

0.1 M HCI 5w roxnm noonna nom (Ka= 1.42x107°) Hin *¥ny1a MoRp1ewn 2w nooen (6
D OSTIRD w3 nh-T23 2 momns cnwa 0.1 M NL,OH 7w n°otoa novnn
9a0a BN Ay nTen 570 am 1 430 am

£430 £570

(HCI nomn) Hin 6.30x10° 7.12x10°
(N,OH nevan) In” 2.06x10° 9.60x10°
T TIORPTIING 1107 DR b by Bt - 7 B (71 Qi LT i ) bl R e’ ,:’I.‘s?"'?:?l MY MR awn
1.6x107% M
TTITWR
Hin < In” + H;0"
K, = [In}{H;O")/[HIn] = 1.42x107
[H;07] = [In]
[ln] + [Hin} = 1.6x10"
[ 1/(1.6x10° - [In]) = 1.42x10° ey
o] + (1.42x10°){In] - 2.27x10° = 0 N
[n] = 4.11x10° N
[Hin] = 1.6x10"-4.11x10° = 1,19x10" gy
Ram
Adso = 630x10°x 1.00 x 1.19x10"* + 2.06x10° x 1.00 x 4.11x10° = 0.922
Asro = 7.12x10% x 1.00 x 1.19x10* + 2.06x10° x 1.00 x 4.11x10”° = 0.887
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7ne

500/46.07=10.853 wmwwoom 53/116.12=0456 DMG 5 o (8
0.456/(0.456 + 10.853) = 0.0403 DMG v %n naw

2x0.456 = 0.912 nn (2
(1 - 0.0403)x760 =729.4 DR Y (3
78.4 +(1.22x0.912) = 79.5 renan nwneny (1

SRR 777N e awvs CaCOs pr on (3
CalOs “—* CaOg + COyyy

2RPwnn W 9y amenenen NPT Avewn T (R
Spwnn 1w By h0TT YIDWN ¥ 0% NR oyran 127955 CaCOs fpon DR (2
S COzpoua i an G

qND

ST Y AT A 90T PYID IR YTAR MOMNentn MR 199 (BANYIER) O ¥ Tt (8
COs nyna

COz 2 2 98 170 K 0 pwinn v AR 3300 &Y prnan mnaa e (3

CaCQOj a mps nie > 1am CaO 71 nma nR 1upn CO; noont (3

DTN MY Ypwan W yap (4
QNOCI(g) i QNO(g) -+ Clg(g)

300 °C 5w mmenonez 3.9x107 &
(Y oIMa) DRI DANOY DN STYIONN NN
OCI] = 5.0x107%, [NO] =2.5x107, [Cly] = 2.0x107
[N

SPWR YR REDI haYnn aonn oRn (R
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£(2.5x107)%(2.0x10°)1/(5.0x10%)* = 5.0x107 Q "aws T (R
LPWnn T SR YD TR T
Cly 1 NO 71 e 7imoa oy PRewn yun gt (2

(AcOH) muEs nemin W nowa novan 137w "y 711210 pH = 4.80 272102 novn w25 (4
JODYR TN M98 (60,05 nmRmp non 2" /e 1.06 “7u Ypwn 1Popwn 96%) niovin
SRR N3Y WRD (82.03 nRmpn non) ,AcONa
AcOH =% H;0" + AcO’
K, = ((H:O'][AcO/[AcOH] = 1.8x10°  “pwnn e y1ap
T TERR T S DOWYTT HPRAN 2N A00Y IXRTm 2 D

A misi)
pH =48 [H:0'] = 1.58x10°7
[H:0'] = 1.58x10° = ([AcOV/[AcOH]xX( 1.8x107)
[AcOTVIACOH] = 1.58x107/1.8x107° = 1.58/1.8
oime pH DTN Y T Y Yapaw oo oveY i w1 0.18 1enn v 7w 0.158 Aon DR R
U™ Apan 40 Tupen 1opn fnl X' Y 25 P uwnTs YAk .4.80 o
o e o 0.18/40 = 4.5x107 nunin Sw om 0.158/40 = 3.95x107 o017 Wwhy P 197
0 0.396 nonn Spwnm ona 0,237 7o Nhn0 SERM PpYn IR0
073 0.247 1 3 TEmn Spwn 197 96% K10 N Ny PaK
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nona 3.96 4+ g Y'n 2.33 o ann ano1 aawn
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S(s) + HyO + 2¢ HS_(aq) + 201‘{(&‘1)

S o (8

Al 7 AOH)s + 3¢
SEPIVTIT IRNT IR

Ai(s) + 3OHW(aq) —F Al(OH)g(S) + 3¢

MR TR

3(S + HO + 2¢0 —b HS g + 20H @y)
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TDATINDR AR
2Ale + 38 + 30H ug) + 3H,Q ——»  2AOH)3 + 3HS g

T T RO EVTRIRGT Y NI DI TN N R 0 Y nINAnne BYIRIPRI nong
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ST AR

2
oz = [Z0* Y20 ot (1)
vy IUOPYERIPI PRYALT TN 0N AN 17 AR 8793AR DD 0120 KT (200" Jsote O
By iRy ehylat o

(n=1-4) Zn(NHz),™" moopbempn iyan Y nap oonna 19 1
logK; =logKy = 2.4; logK; = 2.5; logKy = 2.1 w0

TRTwon nvpnn EDTA oy mhynmeun may 2 1o
MY UM TY] = oKy 2)

ay Zn** Sw opvompn Ay Ky 77,781 737 oy xopbontp 1ay ®ow EDTA 7 mom 3" ki {Y] o
5.2x10° xm EDTA ™ay pH = 9.0 2 0, 7w 3.2x10" 8m EDTA

0.176 1712 TR armmk + 1 0.100 11972 meamk) pH = 9 9913 movmn wowa Zn® ono T IR 2w
s B 20.0 1WRMY B0 MDA AR a0 .5.00%107% M 5w par 22 nov 2" 50 S noaa (9w
0.100 mmar noa o EDTA 5 noona o3 EDTA 90 0.1000 5w 5" 30.0 nmwywn ' 25.0
pH=9.0 5w yuap 1w 0.176 M ™% arnngn nommM

D
IR N

oza = (208 V[Z0" Niotal 7

1w e 1w (EDTA ninsia 859) iansn opomp nk 0°0ni 1o 1y

[Z0* Yom = [Z07]+ [Zn(NH3)*'T + [Zn(NH3), "] + [Zn(NHs)s™ | + [Zn(NHs).*']

19 MR PR D DI0RTRmpT W LT YaP T N DR 0venea A 10 Oze 7090 IR

STYTENT YT V2R DR BN AT e aph
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[Zn(NHz)' "] = KI[ZnZ*]-g\JHa]
[Zn(NH;3),""] = K Ko[Zn *}g\]}h]z
[Zn(NHs)* 1= KiKaKs[Zn *l_[NHg]?’
[Zn(NH3)s*] = K KKK [ Zn* [NH; ]
AP MRTIRA IRTWNI R oIy Xl
(207 o = [Z07)(1 + K [NHs] + KKo[NHJ + KiKoKs[NH3J + KKK aKe[NHs
TP AR ARNWAY W ARNYH 02101

azn = L1+ K [NH;] + KiK[NH3 + K KoK[NH T + KiKoKKG[NHRTY (3)

naEs My 9953 (T3 o) mnaT R N pH a3 yarn 10 a2 EDTA B v DR T MOIY
Smpb (2) anwna (1) axmwast

[ZoY V(I Zo* Yoml Y] = cuozaKazny “4)

Ky, KiKs, KiKaK 3, KiKoK3K 0my D8 R30)
Ki = 2.51x10°
KK, = 6.31x10°
KKK = 2.00x107
K KoKsK, = 2.51%10°
~s9n 0,100 1391 9D 7PIHET 1T 01 (3) ARmwna TR D3Ny 30N
aza = (1 +25.1 + 631 +2.00x10* + 2.51x10°) = 3.68x10°°
NI

atizKzny = 5.2x10% % 3.68x10° x 3.2x10" = 6.12x10°

EDTA %" 20.0 nooy > pZan 112" 2100 (2
AP WO AR 21 AR Doren1 i EDTA 710" mhRophemp 1Ay PIRD I pON P W ATPRia
459 JZ07 ot KT TR GID0 NWRN PW QP07 TITAT B L LTTIRT ORI
(70 oot = (50.0 x 0.00500 - 20.0 x 0.0100)/70 = 7.14x10* M
Sapn (1) mawn® i 1w o
(207 = [Z0" o X Dzo = 7.14x10* x 3.68x10°¢ = 2.63x10° M
pZn = 8.58 g5

EDTA 5"n 25.0 noot anK? pZn 11277 200701 (2
vmsms 7Y 1 1127 199 OUITTIMIPRIT TR T
ZnY? = 50.0 x 0.00500/(50.0 + 25.0) = 3.33x10° M
grob oy EDTA 71 0V io¥0pbenip 1ay Ko mamwm 1 RYmEa 270 IR W QoW R0 e
IPYOPSEMP TV Row mnwn rrvea EDTA 7 5w omon
W'y
[Zn2+}totai = [Y]
bR
[ZnY?] = 3.33x107 - [Z0% Jeorat
oo [Z0 o < 3.33x107  wmm
[ZnY?] = 3.33x107
{4) wna 2
33310 YF = 6.12x10° = 11,0z:Kzny
[Z0" ot = [Y] = 7.38x107
' JPTX AN
(Z0%] = [Z0% o Gze = 7.38x107 x 3.68x10° = 2.72x10°7 IR
pZn = 11.57 A

EDTA %" 30.0 noo1w nw? pZa 1o awn (7
9% , EDTA Y@ a1 Uy 7790 ao%nn
[EDTA]=[Y]= {(30.0 x 0.100) - (50.0 % 0.00500)}/(50.0 + 30.0) = 6.25x107* M
)" EDTA 7 °"y iPeopsomp 1May pant 7 a7 252

[ZnY?] = 50.0 x 0.00500/80.0 = 3.12x10° M
(4) IR™WN DR 77
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[ZnY” }/([Zn’:'*]m;[ﬁ’l) = ostznKzny (4)
[Zn® ]mm =[ZnY* V(Y] X 040zaKzny) = 3.12x10°%/(6.25x10™ x 6.12x10°)
(207 ot = 8.16x1077 M
(1) snwnn
[Z0%'] = [Z0% Yo X Ozy = 8.16x1070 x 3.68x10° = 3.00x10"°
pZn = 14.52 R ara)

(PA*) oveon  poari 5w DR IRDDTD WD YIIPY WON TR ON2 n*ﬂummm“\wem nowa (12
{C19H24N2S, ) methiomeprazine DY D°0p7emp N »"y (Au*™y am
B 50 Ynn amya methiomeprazine A0W L7317 noen b 25
Sw 71 480 nm T TVIRD NREA1 BTTIER OpTomp B bR OpEa AvTan

25 CPOPRDMPT "1 B o Mn Ay wen (635 nm 2 20 OpYemp

M et ormiovan mwhan R

480 nm 635 nm

3.55x10° 5.64x10° nrTnn DpbenIp
2.96x10° 1.45x10* 3107 Opemp

JYUDING manyr) , Absorbance DA W OR BT D1TRR 230 2 00N DM AN 2w (R
myoan Y . 1.066 a0 480 nm 92 TIIRDY 0UEnwI0 2w YW kha TTaIw (Optical Density
0.295 nn™a 635 nm 93 TIIRDY DUURTON WRN BY RN TR

ORI OUTIA ND0R T, OIRNAT QMR DW TRITIIRGD 190 W P9 1) oropontR? or (2
OO0 DR TR0 DORIER PR OIS 0N

Sinlh
MR T0AI0 YW KA MY AT AR (R
1.066/2 = (.533 480 nm2

0295x2 =059 635nm2

s 480 nm 3 AvTIIT W
0.533 = 3.55x10° x 1 x [Pd] + 2.96x10° x 1 x [Au]
b
[Pd] = (0.533 - 2.96x10° x [Au])/ 3.55x10°
7Y 635 nm 2 nETa W
0.590 = 5.64x10% x 1 x [Pd] + 1.45x10%x 1 x [Au]
SRS nRnwna [Pd] 7w R a2
0.590 = 5.64x10% x (0.533 - 2.96x10° x [A uly/ 3. 55x10%) + 1.45x10% x 1 x {Au]
0.590 = 0.0847 - 4.70x10° x [Au] + 1 45x104x 1 x [Au]
[Au] = (0.590 - 0.0847)/1.403x10* = 3.60x10° M
'l""JW"I ymwaa {Aa] Tvn nx uix']
[Pd] = (0.533 - 2.96x10° x 3.60x10”°)/ 3.55x10° = 1.20x10"* M
U RPN ADMAND BTR TR n“nw ol iytan PR foRhaw PTan
[Pd] = 2.40x107* M [Au]=7.20x10° M
TR T TR UK 0w DR IR N R aimivirihi QU1 BOn 4 TTETTNRG 800 (.:2
Wb taabi
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(pH=11.0 m 1.00x102 M 5 avsa 50 25.0) Mg?" v b remumiophemp e (13
Sy 151,7.5 Sw pmavsa nvms Mg i e novan'? 1w 2.00x107* M bw voma EDTA oy
EDTA nnomn
K7 EDTA-TT0 opbomips nvE 3120 OR
MeY*Y(IMg I[Y*]) = Kuy = 4.9x10°
L0.85wnpH=11.02 EDTA n %0 o4 1 TN

pMg oponpn 3197 i ®ea EDTA 71 novan ips Y noot 25 s Mg 1 nom™ g awn

:EDTA 1 o¥ ¢ Ypenn e
MeY (M 1Cr) = DoKuy = 0.85 x 4.9x10° = 4.17x10°

cam e wens Mg®t nno™ EDTA 9" 5.0 noowt vy (R
ENTA = g v R"Pm P9 AMEA {1

LI S 4 FI ol Lk AR Y N Ged W) L

Cop 101 1070w WG T OP9ORIPN T FpWR MR BRI AR YW T (2
[Mg*>] = (25.0 x 1.00x107- 7.5 x 2.00x107)/(25.0 +7.5)+ Cr 7
Mg =3.08x10" pMg = 2.51 :7apn mar ot 1770 1k Cr nainw

nps) oomw EDTA a1 ovmason 2 2w aenznnnm oo™ naw EDTA 5'n 12.5 npowi Ry (2
MgY? 7o nx awns EDTA 7 oy 780pyemtp 1129 avizn *Iv 75w ania K aknpatiiin
MgY?]=25.0 x 1x10%(25.0 + 12.5) = 6.67x10°
s nwewmEDTA 57 oy Ypwn s 10w ommpm orwbins Drans 3y nova Ik TRRA? T 7 NN
ACr ) meyopbemp 1oy 5w nawn vy EDTA 5w i i mogh T M TS
{Mgz"} = Cy XK"Y
MgY?] = 6.67x10° - [Mg®] 1

1971 .0p2EMIP 12D AR AMK IS TWHRY T BN 32 73N
MY (IM&*[Cn) = [MgY? VMg = 6.67x10°/Mg™'T = 4.1710°

[Mg®'] = 4.00x10°

pMg =540
WDWNT TTO0 11977 IR PARR 1 W0 an (P0INTTPRn nT7yIe avn) EDTA 7"n 15.0 noowt anxy (O
Sapn
[CaY?]=25.0x 1x107%/40 = 6.25x10° M [CaY®] may

(Cr) mopbonyy ay xow EDTA 7 man
Cr=[EDTA] = (15.0 x 2.00x10? - 25.0 x 1.00x107)/40.0 = 1.25x10° -
6.25x10/([Mg?"] x 1.25%107%) = 4.17x10° 199
[Mg?']=1.20x10"*
pMg = 7.92

43



1113 2002-2003 nw

s naw NaA ronn noana pH i mn ng 739 50 nwy? ww mnam 897 pmen mnepn e (1
SIDAN2 1D MY NTUANMT MIRNEAT IR MINNN Y W 1o mnwsn ik ons JHA

Rmnl!
HA+H0 = H:07 + A Ka = [H:O'JJAV[HA]
2H,0 = H,O° + O K, = [H;0][OH]
NaA + H,O = Na" + A
[HAl, + [NaAly = {HA] + [A] T TP MR
[Na'] + [H;0" 1 = [A] + [OH] AVEIT W NRTR

Ko/[H:O] 19y nk [OH] mipna 07301 T0NnRa armwn3
[AT = [Na} + [H:0'] - KW/[H;0"]
[HA] = [HAJy + [NaAly - [A7] D0APD MWW MY NRTWAR
R aRvwaY JAT] D enw DR 07302
[HA] = [HA]y + [NaAl, - [Na'] - [H;07] + Ku/[H;0']
[NaAlp = [Na'} Sar
[HA] = [HA]s - [H:0'] + K/fH;O'] i
Sap wpwn vrwa nnwsb [HAT [AT] a2y oo2wn iR uys 0%
Ka = [H:0'J{[Na] + [H:0'] - KJ/[H:0 1Y {[HAL - [H:0'] + Ku/[H:O'J}
S OH0T 1oy mwrhw Shnn aRms Pap1 1 aRmwnn
(H;0'F + ([Na'] + K)[H:O'F - (KJHAD + Ko)[H:0] + KKw = 0 wvonw

MR P e imea NaOH novon "y oo 0.100 M roma HRA e nosn »w 20 25 (2

MR

A {ApH/AV)}/AV | ApH/ AV AV ApH pH | ooanne,V
{7"n) noww

1.57 0.00

0.034 5.00 0.17 1.74 5.0

0.0036 0.052 5.00 0.26 2.00 10.0
-0.0012 1 0.046 5.00 0.23 2.23 15.0
0.0072 0.082 5.00 0.41 2.64 20.0
-0/0035 0.075 2.00 0.15 2.79 22.0
0.175 0.425 2.00 0.85 3.64 24.0
0.555 0.98 1.00 0.98 4.62 25.0
-0.29 0.69 1.00 0.69 5.31 26.0
-0.305 0.28 2.00 0.56 5.87 28.0
-0.095 | 0.09 2.00 0.18 6.05 | 30.0
-0.0004 0.088 5.00 (.44 6.49 35.0
-0.0044 0.066 5.00 0.33 6.82 40.0
0.0064 0.098 5.00 0.49 7.31 45.0
0.0263 0.177 3.00 0.53 7.84 48.0
0.243 (.42 1.00 .42 8.26 49.0
1.48 1.90 1.60 1.90 10.16 50.0
-1.79 1.09 1.00 1.09 11.25 51.0
-0.4475 0.195 2.00 0.39 11.64 53.0
-0.0275 0.145 2.00 0.29 11.93 55.0
-0.025 0.02 5.00 0.10 12.03 60.0

dapmb iyl A R
oooan Y favsnn noaa pH ann (8

IPYY TP R AN LV s ApH/AV 8 1mRa wunn B neoini 1913 wmws Tva pH avrwanm (2
(dpH/dV) 1R 70 S N pnn

(dPpH/AV?) e san B0 aeawn nman nopy arep w1 Voo AApH/AVY/AV.
54




DUTIRGT DD W W neRpeTen msnwmt an (7
I DWUOPA WY 307 NTEENE YW ANYRIT IS e mTps Y oy Epne &6 pH = (V) megpaen
narss s 5w EP D ynh 270 W D030 193 00N QWi D0pn 0N N W T Tpnd 0w
W D0 F81 T nX M dApH/AVE = 0 7pn L0BR TN QWrDR mmenpn DN W SNpIen bl A v
4907 TWRA NP AW TR TRWTIN 2EAT NI TIPNAW T MK W PRI A sw E.P Y s

pH nyeme Wb FRRNTDL) TR 38D sy 3myR AT DI CIWE 2PAN DWW 0NN 111 AED RN T0en
(pH nyrne 1.67 now?

it



2 2003-2604 naw
7.32x10"* moWtiter w0 (Kqp = 1.57x107) Ba(I03), onn mwp onn moon (1
(oona ooonn i) NalQ; novan bw 9" 100 usow ¥"a 200 v noi2 Ba(10:), noan?
,3% 5w e sm Yanma) At notna Ba(10s), 7 mo™ iR awn ,2.0x107% M nova
A PI8WR AMrERY PN 3rvp nwel oy
i

My inialem] N.‘«J,+ bl o oo ki Tt S 112 b
Na“=2.0x107 x 0,1/0.3 = 6.667x107

JBa(10;); cona mwp non(a NalO; wodni noan(s 10y 1% nven w

[1057]=[Na'] + 2[Ba*"] VORI MW PN 0
[10y7]=6.667x10~ + 2X aps [Ba®] = X 1
Ko = [Ba 10 P = 1.57x107 = X(6.667x10° + 2X) S
4%+ 2.667x102X? + 4.445%107°X - 1.57x107 = 0
4 << 2.667x10°7X? w s
X2+ 1.667x107X - 5.887x10° =0
X =[Ba*]=3.45x10° M Hap
43C = 4.11x10M 2.667x107%%% =3.17x10"! I T

NPT SN

(HCOONa) i vnmo 1 (HCOOH ) rmm ¥y 2w 2Reeopni 9120 Mrpa 2va pH a v (R (2
Ka = 1.8x10" o

nere e 0.50 M 207 933 hovnn ¥'n 500 >w pH nxawn (2

rion nERI e Y 70 noowm e sisb (HCOONa) inan vome 0.70 M s
W s iy owa 1.0 MY non (HCH

qng

pH = pK, = -log1.8x10* = 3.74 (x
HCl 1 noow >3 novnni pH rxotenn gyn: (2
FPTINN SR DONW IR 99933 W TIET OO0I AR YW tpwan Y oW 111an

[H;0'] = ([ me»n)/[nnx oo3]) . Ka T L Ernvnna
= 0.50/0.70(1.8x101.8x10"*) = 1.3x10™
pH = 3.89

o (1.0 M) HCEn 2w 5" 70 13 ni apom
70.0mIx1mol/1000ml = 7.0x107 mol

H3O+(aq) + HCOO'(M) PR HCOOH(aq} STRPRTI

AT AW N3N NI

[HaO"] [HCOO] [HCOOH] ARWR
agnInng AT 1A

0.010 0.35 0.25 (on3) PR e’

-0.070 -0.070 +0.070 {omay aow HCL awrs »amwn

0 0.28 0.32 (oPomm) EPR™IT ona

0 0.49 0.56 M a (4" 570 noz) o1 DM

HCOOH v mrgrava nxwen v xyn1 HCLn noowt s iovana [H:O'] me

HCOOH(aq) + Hz()ﬂ} H30+(aq) + HCOO (4
R4




[H;0'] = ([ msnm}{rme ova]) . Ka = 0.56/0.49(1.8x10%) = 2.1x10* M

pH = 3.67
AW 01 NP

0.20 M roma NH; ™ 50 oy 0.10 M moma (apm azan) HCL 9w "o 100 ovaawn (3
SN AEeTR W RN K, = 5.6x107" mx awnn novan pH AR 2wn (R
BUOI-HEH FPEPRIT TN NPT TN DRADT T TORPITIN PR DURPTTING noavn (2

Rtlels

5% Mo Mptenn MRth oena 195 apin o HCL
HCl(aq) + HO < H3O+(aq) + CI

snh NH; av 32 HaO' n

HyO%g + NHiay o, H:O0p + NHi'ag M

SR i 31 S K 290w e o pH 107 R e R0 Drnnsa
(0.050 L x 0.20 mol/L) 0.010 mol NH; ov (0.10¢ L x 0.10 mol/L) 0.010 mol HCI w337y
NH,Cl 1o 19% 20 150 5w no13 0.010 mol NHLCl v

INH(CI] = [NH,'] = [CI] = 0.010mol/0.150 L = 0.067 M

ADYTITN PPN

NHi'@p + HOp e—s  HiO'ug + NHiag 2
0.067 0 0 (M 2) RPN 217
-X +x +x OMoTn MW
x—0.067 X X DR M 1M

K, = 5.6x10717 = [NFL][HLOVINHS ] = (000/0.067x) = x°/(0.067 - X) 1197

0.067>>x S ERAb
[H;0'] = 6.1x10°M R30I Y
pH = 5.21 qRom

JU9N DD ITIDY XM MBEY WHR FOAW DD NP0 S0Tn
ST IT0 VAR DY RIT PR I3 A 03

YA SPEPRTIA B PPUISTIIPRT TTpan i HCL 71 5w ko TYno mwnnng noTien naxwa (3
OTTRY PTEODD MOTEND TR SR A 91T MuRp TRt 5,21 1 ameaa pH .ovoa
wAEY 9120 MR- nna o .5.5-5.0 pa pH 2 wnnnn ¥ara 1w WRD DN motana
SMUREYTRD

SR N (4

Fe + Cd'ay <> Fe'ag + Cdgy
IR EAR PROEIND DR
Cd* + 2¢ < Cdy g = -0.40 volt
Fewy o Fez+(aq) + 2e e = +044V
PEDNTE DR IROAT ORI ®O5 IREIDS IR 2w (X
[Cd*]= 1.0 M1 [Fe’] = 0.010 M 1wxo (1
[Cd¥]=0.010 M1 [Fe* = 1.0 M wx2 (2

7



Binls

OPUTIIN0 DORAND DRILINON N AWM NOWRN

Feg 5 Fe'lug + 2¢ g = +0.44V
Cd* + 2¢¢ +—» Cdg g = -0.40 volt
Fe + Cap «—»  F&ug + Cdg As® = +0.04 V

W03 mEMEna (1) 2 08I0 N 20X UYD
Ae = Ag® - 0.059/nlog({Fe*"1/[Cd™] = +0.04 - 0.059/210g(0.010/1.0) = +0.10V

(2) 2 omaart ik N
Ag = A" - 0.05%mlog([Fe?’ V[Cd*T = +0.04 - 0.059/210g(1.0/0.010) = -0.02V

12 anawT? A9 (2) 2 DORINT EY PR MONR oYl
2
Fe' a10m + Cdg <« Feg + Cd g 00100 Ae =+0.02V

SRR DY Ypwan W 1ap nr awvn (3

Feg + Cd g +— Fe' g + Cdys

log K = nl1017/0.059 TIRNWRT
log K = 2.00x 0.04/0.059 = 1.35
K = 22,6

OPUTING DY T PRI ITING DI 1100 BR PEPRTMII D000 W B Dpwnn T oMo T an (4
K = 22.6 = [Fe*"[Cd*"]
PN TR 932 MW DRwn MWD PN NIWHT TWRI QU0 B DUUNTIN0 DI TR APNNAT RN
x M s s s
K =226=(1.0+x/(1.0-x) Y
x = 0915
[Cd*] = 0.085M 1[Fe’] = 1.915 M :7pwn *1rwa o b

apeprem NN MY || Zo® (1 M)/Zn *"y 1omnn e uphRi ’n7 (5

Zng + Ni¥'(ag, IM) oy Zn7(ag, IM) + Niy
A40.526 volt 5w (Ag) 7R¥1e v
SITIERT RO SIPRY TTERG KO TTPOR TR (R
X SRR e heten e (2
- 0.762 volt R YR Sw [ YRWIMSN 0K PR3 D Mena tRame e o on.
Kopwsn s s twym (O
Ni/Ni*(1 M) l lZn2+(O.1 MY Zn RAF 9w Sowawen e e (R

TIND
IS (9w NTMIRYIE) IR SIIUY RO TR R PAND NTTORRR 100 Znt 9 1ennnn monnn Pars (2,8

(NPArn PITIRRID) T30 R TR K 197 1nnk YR DTN TR0 0 DIMDpIRY PR N
NNSY DI DN PART RN PR DY RN P QTR 7T

Zng  —p 20 (aq) g=+0.762 volt  %mr mTERI (3
Ni*f(aq) + 2¢¢ +™™  Niy &=7volt T, ATOPD
Zng + Nit'(aq) <—» Zn’"(aq) + Nig Ag = +0.526 volt 73 PR
0236 volt  Ni*'(aq) + 2¢° 4—p Nig TRPR 1Ay & TR 1Y

log K = nAe%0.059 = 2x0.526/0.059 = 17.83 (1

AR




K =6.77x10"
Ae = A - 0.059/nlog([Zn YINI*] = 0.526 — 0.059/2log(0.1/1) = 0.526 + 0.030 = 0.556 volt (7

e ey meons 2003-2004 raw

1 oKy
PRI ARG R (MM ¥R 1Y W) MEOP2 120m 1UER
ST YR (%
2075 2w S IRRTR 00 DY AT e (2
ST W A Y ATy TIRD=-T003192 08 1EmInn awen T (G
2 notan 10 (1
TEDM DTIITIOPYR DRI DTN DYaenEn (7
BRI (t
Sl 7D YYD IR 13 7E0 Pya M Fe* »w ophomip ok ooympn onan oan
DIRn Y 2R, TIR0IDR 25w ,rpRe s (0

Jng

IR DORET T Onna B U IRTAS 07N W TN RTIPE T DYDY Mwp swnomw pry (R
MBI W AR NIWBRA 07N WHUR 0N T 70N A7 V%R RN M3 NN
QP I DR W T TR TOMANN DW OYTR PIRY 700 0D NI NP i onnd
NG AMYRN OPON T ORI TR T I PR IR0 TIT M0 o Y 129

(2

yrm
R

DRI BW NI NTEPRID

o & H3O T 9 agmn vt mR?-T0onTa (M8 R0 IR 1Y) H™ 5 memm st oraw (3
T3 2PRwE MPpa DI TINR TER 7T 2V NUTIRw TN P .o R P TR vy
M9 WD 8 HaOF avph (Mon 5w meiptimops0) NPT MAN N .00 17170 1)
H' nvph

pH nma manws 91 Y 0 017 QYA P 003 W PN Axnn by oroITpRa eon (7
pH = 71 37913 oo (B773) THN 00T IS N2 KD IYaphn NTRRRTOPN NP IR
PKa = 1 Ty may 7apns 30 7120 oy 912 pKa

PRSP Y TR TN DTN0na 2120h ovonit (RN Ren) moten nw (1 (1
NPT IR TN YXan by mTrophr (2
P TIRD Y R 2720 DU v aonn non wa (3
DUERER T (4

135 PRSI MIVIST ATIVRE DR DPUINIRG DIWA IR ARnen ks nvepno (H) mrebuw G

H=FE+ PV 2p s 1obuik apnsmnann Y2 RS Pt ik nxean
S TR SUETOANGT L0V DY TT0N PRI DUISWT IR NORN0 280 nhgRan (S) o

AS = f dq ., ' T

59



JPIRITTINN W AW PUTT DR IR

(3 d mmm 9% v1ee oeann o (d°) Yo naan oy oran 1 o w;,x; geTn an sawn oa ¢
3 TED Y3 Dpemp Yapm ty 111277 1010° DOIMERORT nwnn (Fe(CN)s™) CN 11 bwa‘: M 917
(Fe(H20)6 ) trlm pIn ey 1w 1R (0 d Mt Yes 1N ey oR . (tzg) Sw an ay
(t2g)” (e0)” Maam DY Ma3 POD by BPYEMIP VIR € Y gy MBI ALY 101 WAMWPIRA NWHA

D03100 N PRI MUY PO M0 NPERRT YU onaby speprean o (0
TRPRTHT TN DI TR NRUINTR 29
STEPRIT TIAIND N R APWR Ten yaip 2w

o5 0.102 ssomm nowan *msﬂp, 71 .5.49 °C e (CsHg) T jran bw pweepst nnpa (2
0.79kg Lt e movnnm moox 5,10 °C won 1 o 10.0 2 1509
K= 4.90 K kg mol” ox 17un1 7w *Wp7wm Spwni iR (X)  R3n
O MEY OX ‘?mxn Toums Sw (nopwn) 3.21 % ronn -zov:m YW SHPRIN NP IR (:z)
78.5°C ‘;‘ur*x‘;w ampe A ,1.22 kg K mel” yare v Ky ,0.79 kg L
R =8.206 L atm mol” K mww> (2) AR ToTmnm S 25 °C 1 Tvown YT I (3)

ne
(®)
ATs= 549~ 5.10=0.39 oc R PIRBY NP e
ATe=Kexm RSP TIPS AT DRWYR
m = 0.39/4.90 = 0.080 mol kg™
w=(0.102 g/10.02)x 1000 g kg = IO 2gkg’ 7133 ow A"p% Youna Ypwun
M.W. = w/m = 10.2/0.080 = 127.5 g mol” RIT THUBI W MIRNPIN PR
&)
SunR oo 96,79 1‘7139:1 oA 3.21 e aonen ot 100 2w ®3Y Rwn
(3.21/96.79) x 1000 = 33.2 g kg™ T PRNR 2w e B hunan Y 197
m=33.2/127.5 = 0.260 mol kg™ W aikiratab)
ATp=Kexm=122x0.260=0317°C Sy
Ty =78.5+03=788 e MNP NN NP
()
100/6.79= 0,127 L W oan b ona 100 ne3
M=3.21/(127.5% 0.127) = 0.198 mol L S ah i tar)
7 =cRT = 0.198 x 0.08206 x 298 = 4.84 atm ST UMD YT
(3
TIPSR MRS DR TR
MnQy + SOy%  ~———— MnOs + SO4” (rooanrava) ()
I'+H0, ———> L +H0 (ngnn 20a0a) (1)
1ng
(®)
MnOy ——————s MnO," ST
MOy ey MnQy + 40H NPT R

MnOg4 + 2H0 ¥ MnO, + 40H
MnOy4 + HoQ +3¢” —% MnQO; + 40H

SO e SO T
A0



SO +20H 5 SO +H0 TR TR
SOT +20H —* SOS+ H,0 + 3¢

Ratabiiratyhiets
MOy + 4H,0 + 66— 2MnQs + 8OH
38057 + 60H + 6% 380, + 3H,0
MOy + 3805 + H,0 =% 2MnO; + 350, + 201’ e wan
(2)
BUREN WY PN
re ok ey
HOp —  , HO (2)
faktakie: it
2N —a D (1) ny
HOp+2H o 2H0 (2) nx
rhnyn N
A = I + 2 (1) nx
H0+2H +2¢ — p 2H20 (2) nx
H,0p +2H +2F — > [, 2H,0 D130

1.00 M HCOONa 1 n*nig nxaen 0.400 M mvanin novani pH i (1)

HCOOH + H,O <— H;0" + HCOO Ko=177x10%"M mn3
.50 S mmpsa e (R) mvoa novnn ar oo pH i nk awn (3)
.10000 Sy mupea mmns (K) 17von 7ovn ox m91ait pH i ik 2wn (3)

qTINe
[HCOO] >> [H:0"7 << [HCOOH] w imia (%)

[H:0"] = K [HCOOHY[HCOO] -NSS YN YPWRT T IR
[H;0%] = 1.77 x 10" x 0.400/1.00 = 7.08 x 107
pH = -log(7.06 x 10°) = 4.15
Falrakqralniskh

SR IR 19128 27 1M ()

[HCOOH] = 0.400/50 = 8.00 x 10° M
[HCOOT = 1.00/50 =2.00x 10° M

[HCOOT >> [H;0"] << [HCOOH] w 18> 03 i7"z
[H:0"] = K, JHCOOH}/[HCOO] SN2 N YPWHT MY DRI
[H,0'] = 1.77 x 10 x (8.00 x 10°*/2.00 x 107 =7.08 x 107

pH = -log(7.06 x 10°) = 4.15
el iatalyighi]

SN NG 91T 2R 1191 ()
[HCOOH] = 0.400/10000 = 4.00 x 10° M
[HCOO] = 1.00/10000 = 1.00 x 10°* M

[H30'] 1ise ooy ™9 T8 D03 TEAIA IR T TWOK (2) AW0R ARG
IR WHnwl 197
[HCOOH]eq = [HCOOH]o — [H30'] :
[HCOO e = [HCOO ]y + [H30] 1

a1

(4



SApAY BPRHR W AR TN MRNwh 071

[H:0'K1.00 x 107 + [HO DA4.00 x 107 - [H;0')
) TR RIS 2R
[H;0'F + (2.77 x 107[H;0"] - 7.08 x 10° =0
[H:0']=2.36x 107 N 3NN
pH = 4.63

T D R RO Ewn oy (Y X) mrrann aw a0 ISR Y ummesiupht sipoTai (S
0,400 771 400 nm 2 7v*2a7 7 0.500 o7 500 nm Y5 9IRaY R 2" 7w 802 AR
OV W an wpn T

(L mol™ em’h) nyiam apn (nm) 3 U 2w
2.50x% 10* 500 X
5.00x 10° 400 X
2.00x 10* 400 Y
4.00x 10° 500 Y

LPDOOTE 23 MDY DX RED

TND
0.500 = e¥5pqx Cx + "500X Cy
0.400 =e"400x Cy +g%00% Cy

Cy = 0.500/2.50 x 10* — (4.00 x 10/2.50 x 10%)C,
Cy=2.00x 10 - 0.16C,

Cy = 0.400/2.00 x 10* — (5.00 x 10°/2.00 x 10%)Cx
Cy =2.00 x 10”° - 0.25C,

Cx=2.00 x 107 -0.16(2.00 x 10” — 0.25Cy)

Ce=2.00 x 10° — 0.32 x 107 + 0.04C,
0.96C, = 1.68 x 107

C,=1.75x 10  mol L™

C,=2.00% 10°~025x 1.75 x 107
C,=1.56 x 10° mol L"!

TP

0.500=250x10%*x 1.75x 10° +4.00x 10° x 1.56 x 10°=
0.4375 + 6.24 x 107 = 0.4999 = 0.500

0.400=2.00x10*x1.56x 10° +5.00x 10°x 1.75x 107 =
0.312 + 0.0875 = 0.3995 = 0.400

212 "y mwaw pH = 9.5 nova EDTA noosna Y5 1 HY 2¥9mn ik ni) o Y o 07w nR awn (6

o EDTA 0 pyvon »uap
Ke=5.50x 10" K3=6.92x107 Ky =2.14x 10% K; = 1.02 x10™

NS
[H1=10"=3.16x 10"
oL 1 MIRNWAD T3 T N AW
a2



[H]=[3.16x 161" =997 x 107
K[HT =(1.02x 10%)(3.16 x 10'%’ =322 x 107
KK [H' P = (2.18 x 107)(3.16 x 10'“’?2 =2.18x 10
KKoK[H'] = (1.51 x 101)(3.16 x 107 = 4.77 x 107
K KKK, = 8.31 x 1077
D=560x107

DO Y 1w 1 npha D wen?

O3 W
03 = K KoKa[H'YD = 4.77 x 107/5.60 x 107 = 0.852 w 85.2%

HY® = 85.2% n¥vin ring

OLg VT
e = KiKoKGK/D = 8.31 x 107%/5.60 x 1071 = 0.148 w  14.8%

Y& =14.8% o 1nR

VI MO DA MPEPRTN nrEs 1Ay (Nemst) vorn: manws nx nn2 (7
Zn''ag+ 26 % Ing )
Fe'upte « p Felap ()
CrO7 g + 66 + 14H" % 20" 4+ THO ()

+ASC](S)_ Ag+(ac{) +Clag ()
Ag g+ e+ Agy

27777 TS NOYANA P10 f00 VNG NI 03 ATURTR 2w MIINA MR (7) RPN e

23 AgCl
tinla
£ = g — (0.059/2)log(1/{Zn*'] (%)
= g0~ (0.059/)log([Fe* V[Fe*] (@)
&= g - (0.059/6)log((Cr [Cr 07 MH T e)
g= gg—(0.059/1)log{C!] N

a3












