uum«lﬂmum 12

ﬂq‘ummms‘lmmmmnmﬂmsﬂ‘sznanmmw

- ° F A’
1) efuipaupeInae iU

1} complex 2) chelate complex ' 3) ligand
4) labile complex 5) masking agent
AAdY

‘ - IS 4 drq ; =]
1. Complex vngdy asUszneudtouinnvuninesaonvailansyse
{ ' [ -
nanlesou MiSundezasunaIl (central atom) Sugueddidnaseunnneulosoy
) o o a5 o A ' s ¢
wisluananitlunalasfauseiiendt Wuszlaauausi covalent bond)

1
A o

P 9/
2. Chelate complex Mineds aslsznouddouniidnuaslnstain

[~ . u‘d' a [~ Pl = o, o

10199 (claw like) PouwangnzifabuSiannommwand laneldaunuasiialnd-

IAUNARUNUA (polydentate ligand)

. i g it aod
3. Ligand wmineds weulessunisluanamthinarshiiguedianason

asenaunInfaRusziuezneunaaneernovvolans 1a

¢

HAUA

V939 Saﬂﬂiﬂu 1 ﬂ i]uliﬂﬂ'.)'l Uulﬂulﬂﬂ ﬁllﬂuﬂ (Unidentate ligand)

D DD
=b.

ol
U
o =
ﬁllﬂu U
ol

fl

“

1 o

fuaadidnasou 2 § sxi3onin lueuma dunud (Bidentate ligand)

A. 51-

o

a d ' t o ) ] = a o
aunuanNfuesdianaseu NN 1 § laenialuisond1 Indauma dunud (poly-

dentate ligand)

. | =4 a9 =i - o aa ’
4. Labile complex VRN iﬁi‘ﬂ'i:ﬂi)‘Ul‘ﬂQ%ﬂuﬂﬁ1ﬁ1iﬂkﬂﬂﬂ§]ﬂ‘iﬂ'lﬂﬁ
GI 3 o [] a ¥ 2+ A Py -A I's =
lWI‘HTIvIﬂBEJ'Ni’]ﬂﬁ’J 1y ﬁ'li‘ljizﬂﬂUl‘lN“]!Uu Cu(H,0); mamnmmuﬂuauimuu
- -~ o aney Y ] ] ¥ +
avlumsazavues CuH,0) sifinlfniomsununetesinG21d cutNH, )
Cu(H,0);" + 4NH; —~ Cu(NH,);" + 4H,0
UNIueoU WU
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5. Masking agent wweda dunuanlddmsviesiulilunalesoun
Tldeamsiasizdsuniuns lnmsaveauas loooufidoamsnizy  lasinana-
s e d a 9 o Hy vy a ¢ 3 =
uAzItatua sy naud wreusuuna leasun ludoan1s sz viog 1uedys
° arul 1 o~ r'd a ci Y ¥ ] 9 24
Ml llsunumMsiianziunn lessudiniauly dedrury Aoanislmnsa Mn
@y EDTA Tumsazawiil Niv, zn®™, Cd®, Co® uay cu®* Yuog ansomla
Tas@dumnanasiaudlemlud o) asluesazmeneu Fawembiinamslsznou
IFAFBUNADUTUBI  NI(CNY, Zn(CN)E, CdA(CNY, Co(CNY  uag Cu(CNY

¥
@

gniudaemsolnmen Mn?* @18 EDTA laoiuna lesswvari lusunau

ladwiamslnnse o dwwenludfleldle waninisivinse o de Hg
1o
Aaey

a aan @ Y
mzmsinnsa i 40 NH, szinadfaserlumsimmsadiuiu Step

wise) 04 4 U gazAAINva Az YU IMaany 1A WD

Cu®* + NH, = Cu(NH;®» K, = 9.8x10’
Cu(NH;* + NH; = Cu(NH,)3 K, = 2.2x10°
Cu(NH,);" + NH, = Cu(NH,? K, = 5.4x10°
Cu(NH,);" + NH; = Cu(NH,;).' K, = 9.3x10'

mihimnsomeaginnmslnmsald

o a o g’l i -Sooa
dmivmsinnin o dw He ewmsamld nanlfasolumsininsa
ga @ Loa L A 4 4
ARatudude 4 Sugudy  mszeNsamagd lannmsnmavun 2 e
! ! ] o o :’I & Q a” i {
NN K, waz K, dimeaduinn dnfuiiovimsinmsaludun 2 asegen
Ujiiseuda HeCl, 1hovezauysel viouSuilndyeauyaszinaasumlas
] o o S
pHg 881590157 e ldmnsomyagivesmsinmanld

Hg’ + CI" = HgCI' K, = 5.5x10°
VJ HgCl' + CI° = HgCl, K = 3.0x10°
© HgClL + CI = HgCh K, = 89

HeCl; + CIT = HeCL™ K. = 1.1x10'

CH 233 (H)



ar ] A - d‘ L™ G L]
3) m5'mama‘nmrgmmauﬂm%zmm%’umuwun 0.4206 NSY WANRTAWEY

[ A el = &
HCL W8 W38 RUS a5 Tl 500
MuiTewediurTasay EDTA

. &
UL, UIINGIIEITRIANN 50.0 KU,

U 38.84 RLLTU.  WAIMUIARIAIY

U TUYBIRITREAY EDTA UsA I INangld Na,H,Y-2H,0 (M.W. = 372.2)

o A ¥ . [T “0
PMUMNNTY W@ TuURIT8Z8NE EDTA H5142% 1 8U.04.

@ay  0.01082, 4.027

GG
0.4206 1,000
= X = M.W. CaC0O, = 100
Caaco, = g 500 ( 3 )
= 0.00841 M
Ca’ + H,Y* = CaY” + 2H'

91 lua EDTA

ulua ca

Mx38.84 0.00841 x 50
1,000 1,000
M 0.00841~50
= 0.01082

14

92Aply EDTA

¥y v o
ﬂ‘Ws{ﬂQﬂ'ﬁlﬂ?UNﬁ'liﬁxﬁ]va EDTA 1IU%U 0.01082 91U | ALLAL.

0.01082 x372.2

= 4.027 sy

4) §1Iideinduan 100 suaw. gnibwnlninsadio 1224 suan. veIRN3

srae EDTA lulandda 3 ssdmmwrnimaunssdsvasinlumiag ppm 284

CaCo,
Anay
AIMuNTEAYR N = 01082x12.24
100
= 1.324x 107 1uave3 CaCO,/au.Aw.

CH 233 (H)

1.324 x 107 x 100 % 10°
132.4

HaANSY CaCo,/nu.AY.

ppm
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5) MgCO, lamafuaIs7azany EDTA Sa WAL 1.240 mg/em®  I9ATHITL

LA g & <
a) anurnTudunaiuuaveInTazany EDTA

b) CaCO; lainasuasansazany EDTA 5

@8y a) 0.0147 , b) 1.47

mnoy
a) Tepra = 1.240 mg 483 MgCO,/cm’
= 1.240 g Y93 MgCO,/dm’
. E 1.240 1.240
EDTA =
M. Wyeco, 84.3
= 0.0147
b) TEDTA = FEDTA X M'W'CHCO}
= 0.0147 x 100

= 147

mg CaCO,/cm®

6) W IHUNUIT UL 50.00 Au.TN. MNUFATOWERANL 25.33 AU.TU. 189 He(NO,),

P <l VL er & 1 as 3
TINNIRSRY  He(NO;), UARDLIALAL@DININY 0.150 mg/cm

T w w R
AL TN TUV 908D L T bW ppm

Moy ‘
=i o
Hg(NO;,), 25.33 au.%u. sxilnaelsq

HEAIT1 U1 50.0 auLww. Lnaolid

¥y 9 - P
21 17 1,000 au.a%. Wnav13d

9 [] %’
anududuvenan laa uwnih

INTUITUAN

f8Y 76.00 ppm

= a

76.00 3aansiu
76.00 WAANTUAD au.AN. (PPm)

a ] 1 & ar as A' [ ¥ o L]
7) ®1IdaetuIBuwin 7.25 ndu WansnusfiueanldudmiersacewlWidoans

w500 au.ow. diorhunninsasnsazaonsuaad 0.0980 NN a9 NaCN,
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0.050 NFuTBY KI unz 7.5 Hadluswes NH, usingirldsnsazeodiedng
= 37.5 auLy. J9ezfiaragfues Agl A wnwnUeiduduoaiuluus

May  19.8%
Aoy
Uity
Ag*+2CN” — Ag (CN); Unserveanslmnia
Ag'+1" — Agl U§iivrve bwimant

2 $ulua Ag?

$117u Tuave 3 NaCN

0.0980

L 2 1 0x10-3
2901 2

smulua Agt

5 9zd) Ag® MUN = 1.0x 107x 107. 87
= 01079 nfidn7.5 av.a.

0.1079 X500 + 100
37.5x7. 25

= 19.8%

TAg =

8) ®1IMILNY NaCN wikn 0.6250 n3y Waviwnasaediudnduwoy Tudio g
M K Wdntes ud b lninsanu 01033 M agno, * dinginld agno,
WinAu 24.32 aU.aW. SIwIALlesiFuduas NacN luaidaagng

Aoy 39.40

fnau
& 9 & a =a 4 aan o a : A
weld KI dusudimmes UfnTefifatufe
Ag +2CN = Ag(CN);

14 A CN

uuive Ayt = 5

0.1033x24.32 %2

= ulua CN
50 U

ML CN = 0.005025

nananlumsdied19d] NaCN 0.005025 x 49

0.2462  N3U
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0.2462
0.6250

% NaCN x 100

= 39.40

L i LS st T x o O N
9) ®1IMBtInin 0.4340 NN UITNAUEIW NaCN WAz KCN wiwuvindjisen
WOANYU 0.1022 M AgNO, 91U7I% 38.42 ALU.IN. I ImwLasidudues cN
wssdreee

oL

" ¥ 1 o 1 Ve Y- =‘A é’ P-}
TandWildszyivhmsneaesedials TRnsamljidoifau fe

Agh + 2CN = Ag(CN);

sulua oN

: = 9wulua Ag

fwowlua oy = BAZXOIRDD g g5y 407

NUIUNTY N = 7.85 x 107 x26
= 0.2041 sy

0.2041.

0.4340 100

%WCN =

= 47.03

[ 1 g o oaan A Ad
10} ®3deevesundszl 500 su.u. MU WeANY EDTA #ill CaCo,
laafiniu 1.05 mg/em® WU 20.4 BLLTN.  JHIUIUWIAINNTZAIUDI
Y ¥
UNIRNA lnauuas CaCo, (4 ppm

01 428 ppm
MAdY

1359108130 1HA3u oAU EDTA 20.4 au.aw.

20.4x1.05

I

137206719921 CaCo,

it

21.42 NadansudAe 50 au.wu.

LA
& W

fniu msermef1901a 1,000 AU.9Y. agil Caco, = 2L:42x1,000

50
428.4

Il

. HAAITNIANUN LAY

428.4 ppm Y93 CaCO,
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Qr 1 - L A [~
1) srsdethadinlesaudtuan 25.0 s, gniwRsuldidu dicyano argentate (1)
jon 1AM@Y 0.0800 F Ni(CN); 97%7% 30.0 1.4,

Ni(CN); + 2Ag" = 2Ag(CN); + Ni**

N A a t: aaa ¥ dll o ar t
N fifiedunndisedsvudiainantansedu 00240 F EDTA d37ngin
19 EDTA = 43.7 aU.90.  3IUIAIO L TNTHI0 5U Iua1 T 60t

@8y 0.0839F

AT
fulua Nz = ; $ulua Ag'

0.0240x43.7  _ l +
LT = 3 $uulun Ag

$1uulun Agt = 2.10~ 107

2.10x 10 x 10°

Y
SOANMUYNIU | Agt ) = 25

= 0.084 F

12) §13@99813 0.408 NN Usznaudisaziy, uunidy uesdanzd (loviunazae

oS

e au 13 o L4 A’ [ 4’
wazydJAsenfulaelud wnfassdsznouGedouiudsit
Zn* + 4CN° = Zn(CN)

WK TAZALANIMIM T I Iaaz M ununiSuuas T 42.2 aU.TY. 2849 0.0206 F
EDTA (¥3URUAN BAL (2, 3-dimercaptopropanol) &4 W m:ﬁ'n:gnaaml,ﬁ@
= -9 L -] 9 1 & = A
WdugnsyUsznau@ataw v % EDTA Qnﬂaamﬂuaas: 1ninse EDTA ngn
Ufonnaziiaius1sazany  0.00765 F unnilidion  Usnnginldsnsezen
= a [ Q- Ww -y & =t [ Al -  q r-]
wunidon Uiy 19.3 s, mauq@wnmmwwasmaﬂmmaﬂﬂma@omn:a

a

2OMNINN Zn(CNY; §35

Zn(CN); + 4HCHO + 4H,0 = Zn* + 4HOCH,CN + 40H"

zn™ fignuseuaanunazyinyjfifuwafity 0.0206 F EDTA 973U 28.6 su.w.
mwrmrasidudvalanznssnlur13dogig
@YU Pb7.51%, Zn 9.44%, Mg 4.29%

CH 233 (H) 365



fney
1) Nnaougatw Zo* lfnividy eota

61‘4 »)uT”a Zn2+ = 0.0206 % 28.6

1.000
= 5.89 x 107 Tua
t 3 Zo* Min = 5.89x107*x65.37
= 0.0386 AU

o Zn . 0.0385
’ 0.408 < %0

i -
2) (lletdn BAL adlilAd EDTA
$iwlua po** = fiuwmluaepta

_ 0.0076 x 19.3
1,000
= 1.48x107*
LU Pb™ MUN = 1.48X1074%207.19
= 0.0307 nsu
0.0307 .
2 - e [ ]
o Pb" = 0.408 X lw
= 7.52
3) fwnTun po* + $uuTun Mg = 42200206
=869 x 10°

8.69 x 107* - 1.48 x 10™*
=721 x 1074 Tua
5 LW Mg® MR = 7.21 x 107*x24.3

$ i lua Mg

= 0.017s
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o Lt & . =‘ A [
13) WATUITWIATITNTUUY  Zn(NH,)>* URE Zn(NH,): nrueavaIE1INNAIN

MINEY 100 §U.TY. V8I 000200 F Zn(NOs), U 400 ALY, 289 0200 F NH,

Aoy

80U Zn(NH,);' = 785 x IO M
Zn(NH,} = 256 x 10° M

10 x 0.00200
1,000

0.0200 x 107 Tua

Tulua ZnNoy),

. 40 % 0.200
9uiva NH, e
= 8x10® Tua
] i ° [Y) S | 1 = an d' = 4’
HAAIUNBYY Zn(NO;), WANNAYU NH; 431 NH, sgun Ufnseininaiu
Zn® +  4NH; =  Zn(NH,)
dalumsazarveeli NH, 1o = 8 x 107 —4(0.02x 107)
= 7.92% 107 Tua
7.92%x 107
LR T - 01584 M
50x 10°
= Ly = 3 ol J
msifaaislsznoudidon Zn(NH, 2 azifieutluausa
Zn* + N H, = Zn(NH;)* K, = 1.9% 1¢? ()
Zn(NH;* + NH, = Zn(NH,)} K, = 22 x Id 02
Zn(NHy)' + N H, = Zn(NH,)' K, = 2.5x10° )
Zn(NH;)i* + NH; = Zn(NH;)' K, = L1x10? )
n Cy = | Z0%]+|Za(NH, 2|+ | Zn(NH, ') + | Zn(NH,)3| + [ Zn(NH,)3 ]
- )
[Zn(NH, )]
azn(NHJ); - C—z ......... %)
M
| Zn(NH;)Y]
“zoNHy” = T e Y]
2+ 2+
NN (4 [Zn(NH,)T = Ki[Zn(NHG)Y| [NH) L. ®)

CH 233 (H)
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[Zn(NH,);']

2+ — Rk S

910 (3) [Zn(NH,X] = A 9)
[Zn(NH, )] [Zn(NH,)}]

90 (2 Zn(NH;** v vl o w12 10

() |Zn(NH;, )] K;,[NHy KK, [NHy)* (9

[ Zn(NH;)* [Zn(NH,); ]

1A (1) Zn Tl . ke real® "

[ Zn*] Ky [NH;] = K KK [NH]

UMUR 8), (9), (10) uay (11) aalu (5) Pimiuumumasly (7)

[ZnNH);T {ZnNHL)T [Zn0NHG) ]
K KeKo[NH* KoK INHG[ T K [NH)

+ [Zn(NHyF

+ K, [ Zn(NH,),| [ NH;]

o . Ky, K, Kp,[NH,’ \ .
ERNELAT =K TNHT + K, Ko N[+ K KKy [NH,[ 7+ K Ke K K [NH)

Tunweudeatuezla

K;, K, [NH,)?

YzaNHY} = I KH{NH;J + Krlez[NHﬂz + Kp K¢, Ky, INHI +Kf1Kf2Kf3Kf4[NH3]4
.......... 13

Ki, = 1.9x 1

K Ke, = 4.2x10°

KK K, = 1.04x10°

K K¢ Ke K, = 1.14x 10°

INH,] = 7.92x 10% W™

UNUMAN 9 adluaunish (12) wag (13)

« . (1.04x_10) (0.1584)’
ZnNHSY, = 14 1.92x 107(0. 1584) + 4.2 x 10°(0.1584) +(1.04 X 107)(0.1584)°

+1.14 % 10°(0.1584)*

_ 4.133x 10" _ 0.0544
7.6x 1d

o (4.2 x100)(0.1584)
Zn(NHy), = 7.6x10°
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1.054x 10°

= 0.00139
7.6X 16

100 x 0.00200
10.0+40.0
4.0x 107

Zn(NH,)>"
CM

00544 x 40 x 10™

®zn(NH,)'

Zn(NH,)?’
=217 x 107
Zn{NH, )’

0.00139x4.0x 107
5.56x 107

e v o oo ¢ a + + +
14) RWINUIUMAIVANTUVEIT VTN UBIIU [Ag™ , Ag(NHy ) ¥, URE Ag (NH,y ), )

P v
luﬂf}ﬁﬂ:ﬂ’]UﬂﬂﬁzﬂﬂU@nU 0.400 F NH

ﬁll 0.00300 M

Lo - a0
3 ua:mmwwunwmuunnnﬂmam’l

a8y ag = 1.19x107° M
AJ(NH, )+ = 1.10x10°° M
Ag (NH, )f = 0.00300 M
Anou
Ag' + NH; = Ag(NH,)" Ki = 2.0x100 77 mmeeendl)
Ag(NH;) +  NH;=  Ag(NH;); K, = 69x10° )
1';{ Cy = [Ag*]+[Ag(NH;)*J+[Ag(NH3)§] ©)
Ag’
Qpg = [CM'] T s ()
[ Ag(NH,)’]
QAgNH) = C—3 - (3)
M
| Ag(NH;)3]
 Ag(NH,);, = T e 6)
M
N0 () K;, [Ang—Hﬂl
[Ag’][NH;]
CH 233 (H) 389



[As(NHY] = K [Ag][NH] 0 L. @
217 (2) K, = [Ag[g]gg)f]lﬁm]
[AsNH,)] = Ki[Ag(NH,)] [NH)
= KK [Ag)NES)P L )
unu (7) waz (8) avlu (3)
Cu = [Ag] +Ki[Ag][NHy] + K KeAg][NH[* . ©
wnu (9) avlu (4)
[Ag]

[ grem) = -
Al [Ag](1 + K [NH,] + K K, [NH,] %)

1

........ . (10)
= 1 +K;[NH;] + K K [NH,]?
Tumueaderduansomm
K¢ [NH;|
a * -I Irenes (11)
Ag(NH;) I +K; [NH;) +Kq K, |NH;)?
Ky, K, NH;)?
@ Ag(NH,); ATAT T (12

I +K; [NH,] + K¢ K¢, [NH,)*

UWNUAM /NH,] = 0.400 adlugunish 10

B 1
%A T T12.0x10°(0.400) + 20X 10° X 69X 10°(0.400)

1
= 221108

[Ag'] = g X Cy

=452 x 107

= 452 x 1077 x 000300
[Ag] = 1.36x 10° M
unum [nu,] = 0.400 adluaumisn 11

20 x 10° x 0400
221 x 1(F

= 3.62x 10®

@ Ag(NH,Y

[Ag(NH)'| = @agm,y XCy
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= 3.62 x 10™* x 0003-0

[Ag(NH3)'] = 108 x 10 w

UNUAY [NH,] = 0.400 agluaumsh (12)

2.0 x10°x 6.9 x 10° x (0.400)*
aAg(NH, )’ = 2.21x 10°

= 1

[Ag(NHg)EJ = aAg(NHJ); XCM
= 1 x0.00300

[Ag(NH;)3] = 0.00300 M

o

= Qo
15) Hnwanawaued

L L% & - n‘d 1
16) B MIMMIANTLTUIEY NH, Beszluaniazaondl Ni(NH3)i+ ynnin
Ni(NH3)§+ 10 111

Moy
Ni?* + NH; = Ni(NH,?* K = 47100 . 0)
Ni(NH;)»* + NH; = Ni(NH,) K, = 1.3x100 ... )
35 2
Ni(NH;);" + NH; = Ni(NH;)® K, = 41x10' ... (3)
Ni(NH,)? + N H, = Ni(NH,)’ K, = 1.2x 100 ... (4)
INAUNTN @)
¢ | Ni(NH,);"
f . +
: |Ni(NH,)"|[ NH;|
A + . + !
(e [NiNH, )2 > | NiqNH)Y] 10 4
GCRRR
K, = 1.2x 10' = [N'f{]
3
10
[NH| 1.2x 10"
= 0.833 F

CH 233 (H) 371



17) wswmmantuiussauniidoaild i Andussdrzneuddon Tusns
ALAUTAAIINMINENTES 0.200 F EDTA U 0.100 F Mg(NOy), AifiSanas
WY FuNA IR TAzaN0d pH = 9.00

foy  3.92x10°M

Anoy
T30z 2WMAANNMSHENYEY 0.200 F EDTA 1 0.100 F Mg(NO,), Wil
Ysunasmisy uaasiluansazaisvedl EDTA nifiune

[EDTA] = O'LO;O'-@ = 0.0500F (e3aza8921909190U47)
oy
[MgY*| a8, = 0'1200 = 0.0500 F

Tumsazawnlinnumduduves EDTA = 0.0500 F i pH 9.00 98 [Y*]
s
1IN 127 TumidondBinngd 1 mhasr e'1dh

-
9 pH 9.00 o, 5.2x 10

i

[Y4_] = 0y XCgppy
= 5.2x107?x0.0500
= 2.6x107

Mg + YV - MgY®

[MgY?"]
K= 49x10° = W
0.0500
[Mg?*][2.6 xd0-"]
Mg = 0.0500

4.9% 10°x2.6x107

3.92x 108 M

! e O W
18) WnwaniawauLad
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)
- ol

N ) A ] [
19) WuwImmAIasiAdidauly (conditional constants) UAINVILAAABUNANG VD
EDTA U Mo 1

a) pH 6.0 fibY 1.4x109
b) pH 8.0 @8u 3.3x10"]
¢) pH 10.0 a8y 2.2x10'3
MAol

Mn?*+ Y* = MnY? Kpyny = 6.2 x 10%?
a) pH = 60 ; ay = 2.2% 10°* (Minasramd 481 lumiadeiniiTinsies | CH 233 )
Kyoy = 6.2x10¥x2.2%x107%
= 1.36x 107°
by pH = 80 ; a, = 5.4x 107*
Kuny = 6.2% 10"%5.4% 1072
=335 x 10"
¢ pH = 100 ; a = 3.5x10
Kiny = 6.2% 10?x 35 x 107
= 2.17x 10743

o 1 d‘Ad AI o [ o 74 &
i 20) ﬁ]dmmmmmmwﬂmwuhmaam‘sm@ﬂamwanfmaa EDTA nu Sr* v

a) pH 7.0

b) pH 9.0

¢) pHI1.0 i
MAsY

Sr2*+Y‘”=—‘SrY2' KJFY = 4.3x ]Os
a) pH = 70 ; a4 = 4.8x 107*
K5y =43 x 108x 48 x 107*
= 2.06x 10°

b) pH = 90 ; a4 = 5.2x 1072

Ky = 4.3%x10%°%52%1072 = 2.24x 10’

CH 233 (H) 373



gpH= 11.0; a, = 8.5x10™
Ksr = 43 x 10%°% 85 x 10!
= 3.66x10°

21) A1 K; 1890 NUADNINANT U MAANLNAR 320, 91, 20 WAL 6.2 AINREY 99
o 3 AAAA o aa 1 2+ G "I-
aursmannnfidoulvunsfisonrewine o fu v e

v -\
a NH, (7y7u 0.050 F U§ty -pH 9.0

] A Ay 8.1x10'?
b) NH, 1 0050 F il pH 1.0

aoL. 1.3x10'4

©) NH, VuTw 050 F ezl pH 9.0 9

A0y 5.0x10

d) NH, (YNTU 050 F ussdl pH 11.0 10

f0U B.1x10

AADYL

a) NH, 1% 0.050 F azdl pH 90 ; Koy = 2.9x 1016

PH = 90 ; a, = 5.2x 10?

Qcd

1
T+K, [NH, ]+ K, K: [NH, |+ K, Kz Ks[NH, > +K, K, K, K. TNH;]*

1
=1 +16+72.8+72.8+22.57

S S .
= w=o7= = 5.4x10-3

K.CdY = 29x% lO“XS.Z X 10—2 X5.4x% 10'3
= 8.1x 1012
b) NH, (9393 0.050 F (de pH = 11.0

Qcy = 5.4x 1073

a, = 8.5x10"!

Keay = 5.4% 1073%8.5%x10° % 2.9x10'6
1.3x 104

~—

-

V¥ ~
¢) NH, IUNUYM 050 F Ude pH oo 7

— !
*1+160 +7280 + 72800 + 225680

= 3.27x10°¢

Aca =~
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Ay = 5.2)(10.2

Keay 29x10'%x 5.2 x1072%x 3.27 x 10~¢

4.93x 10°

d) NH; 1949 050 F uaedl pH = 110

Qca 31.27x 10-¢

[+ A 8.5 X ]0"

Koer = 2.9Xx10'x 327 x107% 85 x 107!

8.1 x 10

° \ ol ol ot A e v
22) ﬂﬁﬂqu")mﬁ"ﬂ'}ﬂﬂnﬂﬂwﬂuvlm’ﬂﬂd Ni(Il)-EDTA luﬂqsﬂ:ﬂqﬂﬂﬂizﬂa'u@']ﬂ 0.500 M

wonlafiowleaau fu 0.500 M NH, B85

fay
AMAoU

d’ o e L4 LY
1AATIM 12.4 TumBadonliins ey 1 Wi 472

Kniyr = 42x 1 0%

Tumsazaiendl 0.500 M NH; U 0.500 M NH, 3¢if pH imls
[OH][NH]]
[NH,|

s 1/ .0.500
1.75x 107 = [OH](O.SOO)

[OH] = L1.75x 10°

1.0x 107" )
0l= ———=5.71 10
[H:0) .75 107 x 10

pH = 924

MAla, N pH 9.24

o KK KoK, -
- 12 .13 PRT.!
= K KKK, + K KGK[H0] +K K [H30]" + K [H30]” +[H;0]

1.67 x 10!

(K, 234 MU K, ¥B3 EDTA)
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= ; o2 3 4
N pH g9 9 lugeveaua men KK,[H;0', K,[H;0]" woe [H;0* ez
miesunaudansla

0y = K KK3 Ky
K K, K3 K, + K K, K3 H30
K4
K, +[H3O]
5.5 x 107! S
=8.79 x 10
55x 107" 5.71x 100 x

4
MM gy WONANUTNIUYDY [NH,] = 0.500 M

|
e =
& | +Ki[NHy] + K, K[ NH,]” + K, K; Ks NH,]” + K, K; K3 K[ NH, )

(Ky.2.5.4 VN9 K; Y09 Ni2* 110 NH;)

144.7%10% X 0.500+ 4.7 x 107 x 1.3 x 10> X (0.500)* +4.7 x 10> x 1.3 x 10

X 4.1x10'(0.500)° + 4.7 % 10% x 1.3 x 10" x 4.1 x 10" x 1.2 x 10'(0.500)*
i
=221 x I(°

=452 x 107

"
— .2
KN]‘YZA - KNIYE- Xa4 XaNl +

42 x 10 x 8.79 x 1072 x4.52 x 10"’
1.67 x 10"

- w o Y
23) WAL 24) WRWONIAILAULDY

25)  INTIREIWIEIM T IYinT e 50.0 aU.EL. WD 0.01000 F S 1 0.02000 F EDTA

Aw 24 o Qr An
Tusnsasaeftwwes Wl pH = 1 1 . 0 ApSrm WEIINALEN0.00, 10.00,

24.00, 24.90, 25.00, 25.10, 26.00 L& 30.00 RU.HU. ‘ﬂa\jvl“m,lmiuﬁ

MAL

Sr"+Y" = SrY?* Ksry = 43x 10.
4
NpH = 11 ; a, = 85x107!

Kgry = 43x10%%x85x 107!
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USuaTnunsud
|
0.0200 F EDTA pST
(cm®)
0.00 [Sr**)] = 0.0100
pSr = 2
) : 2y
10.00 [Sr2*] = 30x0.01 6‘0’°x°'°2+c+ nosuInAANa1A
= 5.0%x107
pSr¥* = 2.30
24.00 [sr] = RXOU-HX0R _ 575107
pSr = 3.57
wy _ S0x0.01-249x0.02 _ s
24.90 le ] = 2.66x 10
pSr = 4.58
25.00 [SrYZ] = w = 6.67x107
SrY? = Sr¥* 4+ Y
[Sr*] =" [Cr]
, [SrY? )
Kiy = o0 1
o [Sr*]Cr
[Sr1+ ]2 = 6-67)(10-3 = l‘sleo-ll ;
3.66 % 10° /
[Sr?*] = 4.27x10°8 pSr = 5.37 i
‘ 7
25.10 [SrY?> ] = 0x0.01 = 6.67x107%
75.1
EDTA = C, = 2.1x0.02 = 2.66%10°°
75.1
366 10° = 6.67 % 107
) [ Sr** ]1x2.66x 1075
[St**] = 6.85x1077 pSr = 6.16

CH 233 (H)
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26.00 [SfYT] = §-QX7—‘6’@ = 6.58x107
1x0.02 -
C = e——— = R 4
r - 2.63 % 10
-3
[S'l'z"'] = 6.58x 10 - = 6.84%10°®
3.66% 10°%2.63 x 10+
pSr = 7.16
30.00 [Sry*] = 0x0.01 = 6.25x10°
\ 80
Cr = 2%%93 | = 1.25x107?
. _.3 "
St = 6.25x10 = 1.37x10°®
[ ] 3.66x10%x1.25%1072
pSr = 7.86

Tmstunesd 25
8 1

pSr 5 {

40 f5uasvesInunsud EDTA (cm®)
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26) WFAADIWNIBINTINNTA 50.0 AU.TN. B89 0.0150 F Fe** L 0.0300 F EDTA

A a el L [¥) =
Tusrvazaafivines R pH 7.0 AUk pFe WAIIIML@N 0.00, 10.00, 24.00,

24.90, 25.00, 25.10, 26.00 W8S 30.00 AL.TY. LI INUNTUA

MAoL
Fe"+Y"=FeY2' Kp,y = Z.IXIO“
YipH = 7.0 ; a, = 4.8x10™*
Kroy = 2.1%x10"%x4.8x 107
= 1.0l x10"
YSwa'tmunsud
0.0300 F- EDTA pFe
(cm?)
0.00 [Fe**] = 0.015 = 1.5x107?
pFe = 1.82
10.00 [Fe*] = 50%0.015 - 10x0.03 = 7.5%10°
. 5 .
pFe = 2.12
. 24 . !
pFe = 3.39
2+, _ 50x0.015-24.9%x0.03 _ -5
24.90 [Fe*] = 5 4.0x10
pFe = 4.40
25.00 [Fe*) = C;
- 50x0.015
FeY? ]| = == = 0.0
[ FeY* ] 75 .
0.01 -
1.01 x10*! = , Fe] = 3.16x10
[Fe ]’ [Fe]
pFe = 6.50
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25.10 [Fey? ] = 30x0.013 = 0.01
75.1
[EDTA] = Cy = ‘3:'7’;%’3 = 3.9x10°°
0.01
1.01 x 10" =
[ Fe**13.99x107%
[Fe*] = 2.50x10™°
pFe = 8.60
26.00 [FeY* ] = ”—"%‘M = 9.87x 107
= 1x003 - 3.95x10°*
Cr 76 ‘
-3
Fe*| = 9.87x 10 = 2.47x107
{ ] 1.01 % 10" %3.95%10™*
pFe = 9.6
30,00 [FeY* | = an%-ﬂli = 9.38x107
$%0.03 -
- 3x0.03 = 1.88x10
=%
9.38 x 10~ -
Fe?'] = = 494x10
[ ] 1.01 x 10 % 1.88x 1073 _
pFe = 10,31
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Tmnsdunasw @6

0 10 20 30 40  YSuasvedlnunsud EDTA cm?)

27} WARaniaieaues

28) WRIAABTNUBINMTINNTA 25.0 HU.TX. VDI 0.0400 F Co* iU 0.0500 F NayH, Y
Iua1TazanuRE pH 9.00 lapld NH,/NH; (Iuiines suy@dnanadudu
P9 NH, deannifianeanslnmsa AL 0.0400 F 996 UIMIEN pCo
masndu Inunsudasly 0.00, 5.00, 10.00, 18.00, 20.00, 22.00 W&Z 30.00 ALY,

AUATAL

Mnoy
K, [Co(NH3)*] = 98
K, [Co(NH33] = 32
K; [ Co(NH,;)5* = 8.5
Ki{Co(NH»)3') = 4.4
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2.0x10%¢

KCoY

as = 52x10* MNpH = 9.00

Qo =
¢ 1+K, [NH;]+K, K, [NH; P+K, K; K3 { NH; P +K, K; K3 K4 [ NH, )4
_ 1
1+3.94+502+1.71+0.30
= 8.37%107?
Kioy = 2.0x10"%52x10"*x8.37x 1072
= 8.7x10'
l(
Usualnunsud
0.0500 F EDTA pCo
(em*)
0.00 [Co™] = aco[Cum)
= 8.37x107tx0.04 = 3.48x107?
pCo = 2.46
5.00 Ch = 25x0.04 - 5 xO.QS = 2.5%10°?
30
[Co*] = 8.37x102x2.5x102 = 2.09%x 1073
pCo = 2.68
10.00 C, = 25x0.043—510><0.05 = 1.43% 1072
[Co*] = 8.37x107*x1.43%10"* = 1.20x10"?
pCo = 2.92
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18.00 C. 25x0.044—318x0.05  2.32%10°
[Co™] = 8.37x102x2.32x 107 = 1.94x10™*
pCo 3.71
I
20.00 ngaauya = c;
[Coyr | = 25x0.04 = 2.22x107?
45
87x 08 = 2:22x107
Cum)?
Cy = 1.60x107%
[ Co?*] 8.37x107*x1.60x107%
1.34x10°°
pCo = 8.87
22.0 [Coyr] = 200 = 2.13x107
2% 0.05 3
= 2.13%10
Cr 47
‘ 2.13x 10°?
8.7% 103
[Ca]2.13%x1073
Ca = 1.15%107"
[Co*) = 8.37x103x1.15x10°"?
9.63% 107!
pCo 14.02
30.0 [CoY?* ] l”—’;;’;"i = 1.82x107
c, = 10x0.05 = 9.09%x10™
55
1.82x 1072 -14
= 2.30x10
[Cu] = §3Xi07x9.09%10°
[ Co* ] 8.37x1072x2.30x 107" = 1.93x107'*
pCo 14.71
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Tnmssunes 28)

16 1
157
14
131

[
N
+

3
o .
o=
N\
24

[P SR S e B I -

o
[
o
8

30 40 4[51ra5u09lnunIud EDTA (em?)

29) wrirunaivwesmsininge 25.0 su.TY. 289 0.0200 F Ni* L 0.0100 F Na,H, Y
s saemefd pH = 100 Tagld NH,/NE; Twifwine$ suy@indlenandudu
289 NH; = 0.100 M @88ANTINNTA  9AIW4MIAT pNi a9 e Inuntud
0.0, 10.0, 25.0, 40.0, 50.0, 55.0 W8T 60.0 AU.TH. AINEINU

Ao
[Ni (NHy): ] DMK A9 K, = 47x107 , K; = 131072
Ky = 41 , Ko = 12
Kvir = 4.2x10'®
a, = 3.5%107t
ay = 1
1+47+ 611 +2505.1 + 3006.1
= 1.62x10™*
Kyir = 4.2%10"x3.5x 107" x 1.62% 1074

2.38x 10"
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CH 233 (H)

T
Ysuaslnumsud
0.0100 F EDTA pNi
(cm®)
0.00 Cx = 0.02
[Ni*] = ani'Cn
= 1.62x107x0.02
= 3.24x107¢
pNi = 5.49
[Ni*] = 1.62x10™*x1.14x10™* = 1.85x107
pNi = 5.713
25.0 C, = 25x0.02-25x0.01 - 5.0x10°
50
[Ni*] = 1.62x10*x5.0x10° = 8.1x1077
pNi = 6.09
40.0 CM = 25)(0.026—540)(0-01 = 1.54)(]0—3
[Ni*] = 1.62x10*x1.54x 107 = 2.49x107"
pNi = 6.60
.1
50.0 nyanuynCsr = Cr
(v - BX00 - serxio”
. -3
2.38x 101 = S.67x107
(Cr)
Cu = 5.29%x107°
[Ni*] = 1.62x107*x5.29x10™* = 8.57x107"
pNi = 12.07
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5 b3 0.0100 6.25 % lo-‘

55.0 Cr - -
[Niy>] = 2.0x9.000 = 6.25x107
C 6.25x10 3
M 238x10"x6.25x 1074
4.20 % 107
[Ni**] = 1.62x107*x4.20% 10-*4
6.80 10718
pNi 17.17
60.0 C, -‘-‘D‘é—%’:‘-’l = 1.18x107
[Niy*) - 2x30200 = 5.88x107
c. - 5.88x 10
M 238x 107 % 1.18 % 10-
2.09x10°'
[Ni*] = 1.62x10™"*x2.09x 104
3.39% 10-1®
pNi = 17.47
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Tnmsduresl 29)

181
171
16
15
144
131
12
11
10
9
81

pNi

t + + Lpgas
o 10 20 30 40 30 60 0 5 a5909Munsud EDTA (em?)

aor

30)  FuyAIMIMI Ininsalapasaszning EDTA Ausnsacais M* Mdutu 0.0100 M
A "3 o a -~ -l Q- [ 4 L7 =l S F-9
Fyldinvanaddin -lmduunading trinas ¥e1sacmed pH = 5.00 wazl4Bus-

o

ALAa3 H,In FUYATINTIUAE 9 G5

MY+ YT = MYT . K, = 1.00x 10"
H,in = H' + HIn" K, = 1.00x1072
Hinm = H 4 In" K, = 1.00x107

M* + In> = MiIn Kuy, = 1.60x% 10"

uazauydin M lLufiadulanslaasanlad wazluifagsussnandeton fu
A o @ S ' Y v W a
uaTnalooauf pH 5.00 ey adanaldidesuduiuves Min fu
’éuﬁmmm’ﬁm:qngﬂ (In*, HIn", HyIn) auvndu  ssdwimwidefiduaniny
= d' o ‘g .l W = AI - B 1 as
Aawmavesms lnmsaiifaduanumage ] WUSunanSudulienrinty 50.0 su.os.

waz lufinnufsuida S uas v lninse

Aay  +0.45%
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AL
) s Aoy rd
1NN 12.7 Tumisdewilinszn 1 Hedsl

= - 4
N pHS5.00 UM o, = 3.5x 10
Kiuy = Kyy '@a = 1.00x10¥x35x107
= 3.5x 10"
MY
Kpmy = T
(M¥]-C;
d' = 1 '\ a2
nypauyemange] M (MY = ¢
fyaauyadl [MY*] = 00100 M
3 5x (o = (0:0100)
[M*]
2z _ 00100 _ 1074
[M*]" = Tixio 2.86 x M
Cr = [M"] dipqqua = 1-691 x 107 u
it C., = [ H,In] +[Hln'] +[In2'] .......... )
= a & © 9
nyagdlindmmualn
¢, = Mo 2
1nlond
K, = 1.00x 102 = Hf[He (3)
[H,1In]
H*|[ In®
K, = 1.00x 107 = ol rf] .......... (4)
[Hin
H'|[In*
[HIn| = IJKﬁ .......... (5)
2
210 (3)
H'|[HIn
[Hyln| = [L—] NG
1
U (5) a3l ()
[H]*1n*]
[H,1In| o *un T @
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wnudm (5), (7) aslu (1)

[H] ] | 1] fin*]

— | 2-
C, = KK K, +[In*] Chen @®
1 ai 9
NTUNITAIAINYSI MIn 1219
L )
. R

Mz ¢, = [MIn] dniuliunusaums ¢ adlu ©

Ky = 1.60x 10" = (%+%+I)M
MIn . [szJM

_ [H’J2+[H*]K1+KIK2
K; Ky M|
)2 +
[Mz‘J _ IH’ HH K, + KK,
1.60x 10" x K K,
(107 +(107°)(1.00 x 1072} + (1.00 x 1075)(1.00 x 1077)
- 1.60x 10" x 1.00x 1072 % 1.00 % 107
1074+ 1.00x 107 +1.00x 107°
B 1.60 x 107
= 6.31 x 10710
[ M Ay = 631 x 107
= 4‘ = ¥ 2’ ,
muinaes ¢, fivagd lasumu M oaus aalueruns
y My
MY [Mz*] G
0.0100)
3.5 n_ o __(00100
x 10 6.31x 10" X C;
0.0100
C’]‘ —

3.5% 10" x6.31 x ](°!°

It

4.527% 10° M

pr < ¥ Y _7
mﬂﬁuuammm"lﬂumﬂ Cr = 1.691 %10

b

e a1 nsalydSnalnumsud EpTAa iyl whsu

]

C 4,527 107 - 1.691 x 1077

quqﬁfcwaﬁw,a
+4.51x 1073 M
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o YsawnenunsuAnduiungui
% titration error = x 100

W nunsuanlFesimumqu]

451 x 10~ x 50
0.0100 x 50

X 100

+ 045 %

390 CH 233 (H)



=5 ar A r-Y P
wDUHPHAINMANDNN 12

2

3)

4)

5)

6)

7

8)

9)

10)

11)

12)

A sample of pure CaCQ3 weighing 0.4296 g Is dissolved in hydrochloric acld and the solution
diluted to 500.0 ml in a volumetric flask. A 50.0 ml aliquot requires 38.84 ml of an EDTA
solution for titration. Calculate the formality of the EDTA solution and the number of
grams of Na HaY . 2H2O (M.W. = 372.2) required to prepare one liter of the solution.
A 100-ml sample of water is titrated with 12.24 ml of the EDTA solution In Problem 1.
Calculate the degree of hardness of the water in parts per million of CaCQ,. Recall that
1 ppm is 1 mg/liter.

A 06250-g sample containing NaCN is dissolved in water and then concentrated ammonia
and some Kl solution are added. The solution required 24.32 ml of 0.1033-M AgNO; for
titration. Calculate the percentage of NaCN in the sample.

A sample weighing 0.4340 g and containing only NaCN and KCN required 38.42 ml of
0.1022-M AgNOQ; for titration. Calculate the percentage of KCN in the sample.

The MgCO; titer of an EDTA solution is 1.240 mg/ml. Calculate (a) the formality of the
EDTA and (b) the CaCO, titer of the EDTA.

Verify the values of g4 For EDTA at pH 2, 6 and 10.

Calculate the following: (a) pMg of a 0.02-F solution of Mg(NQj); solution; (b) pCu of a
0.005-F CuCl; solution; (c) pCa of a 1.0-F CaCl; solution; (d) pZn of a 0.00025-F ZnSO,
solution; (e) pNa of a 0.001-F Na;SO4 solution.

Calculate the value of pM at the equivalence point for the titration of 1.00 mmol of each
of the following metals with EDTA at pH 5.0. The Final volume in each case is 100 ml.
(a) Ni*; (b) Mn**; (c) Sr*.

(a) Calculate the value of g2+ for the reaction of Cu* with ammoniain a solution in which
the concentration of free NHjis 0.10-M. (b) Calculate the value of Kerr for the reaction of
copper with EDTA in a buffer of pH= 9.0 where the concentration of free NHj3 is 010 M.
50.00 ml of a solution which is 0.0100-F in a metal ion, M?*, and buffered at pH 100 is
titrated with 0.0100-F EDTA. The value of K¢ for MY? is 2,0 x10'%. Calculate the values
of pM when the following volumes of titrant are added: (a) 0.00, (b) 25.0, (c) 49.9, (d) 50.00,
(e) 50.1, and (f) 55.0 ml.

Repeat Problem 10 at pH 8 and 12. Comment on the sharpness of the end point to be
expected at the different pH values.

(a) 50.0 ml of a 0.010-F solution of a cation N2+ is titrated with 0.010-F EDTA. Calculate
the value of Kegt for the formation of NY? so that when 49.95 ml of titrant is added the
reaction is complete and that pN changes by 1.00 unit on the addition of 0. 10 ml of additional
titrant (b) Repeat the calculation for 0.10-F solutions.
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13) A metal ion buffer is prepared which contains 3.00 mmol of ZnY?- and 6.00 mmol of ¥*-
per 100 ml of solution. The pH is 8.00. Calculate (a) the pM of the buffer and (b) the pM
of the solution after 2.00 mmol of an’is added to Y00 ml of the buffer,

14) Given the following data:

Metal Chelon, L
Complex log K¢ pH -log a
ML 18.00 3.00 20.00
NL 13.30 5.00 10.00
QL 9.70 7.00 5.00
RL 7.00 9.00 2.00
SL 3.00 10.00 1.00

(a) Calculate the value of K for QL at pH 9.00

(b) 2.0 mmol of metal N is titrated with chelon L at pH 9.00. Calculate the value of pN at
the equivalence point where the volume is 100 ml.

(c) 50 ml of 0.20 F solution of M is titrated with 0.10-F L at pH 7.00. Calculate the value
of pM after the addition of 50 ml of L.

(d) Metal M is titrated with chelon L in a solution buffered at pH 5.00 with an acetic acid-
acetate buffer. If log Kers is 5.00, what is the value of -log aM?
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