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Ethylene diamine tetraacetic acid; EDTA
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Common coordinative compounds in
analytical chemistry

(1) %$EE’$"% Inorganic ligands
FcHLEL{&: F-, NH,;, SCN-, CN-, CI
R DIEZE M/ unstable
)ELRLEE MR multistage coordination
3)ixZEFEMZE non-selective



leK,~K,: 4.1. 3.5, 2.9, 2.1
nga= 12.6



(2) ESM Chelates
A HYLECHE: Organic ligands

GGOO” type

H H
HOOC——C——C——COOH

OH OH

“NN” type

H;C——C——=N——"0H

H;C——C=——N——O0H




IgK,=10.6, IgK,=9.0

lgK=20.6



“NO” type
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aminocarboxyl chelating agents

. —F2PU Z BE(EDTA)

(Ethylene diamine tetraacetic acid)

HOOCH,C CH,COO"
NH*—C——C——NH"
Hy Hj
"O0CH,C CH,COOH

&I Z.F8 (H,Y)
&I 2.1 —88EE (NayH,Y)
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Ethylene diamine tetrapropyl acid

CH,CH,COOH

LB B CBR(EGTA)
*Ethylene glyceroldiamine tetraacetic acid

HOOCH,C CH,COOH

HOOCH,C CH,COOH
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Cyclohexane diamine tetraacetic acid
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CH,COOH

CH,COOH

CH,COOH
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Ethylene diamine tetraacetic acid
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Na,H,Y | 1l1g /L, 0.3 mol /L
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Stereo-structure of Ca-EDTA
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Characteristics of EDTA coordinative compounds
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M + Y —MY KMYZW

IgKyy <3
it 4 )& B+ alkaline earth metals IgKy v 8~11

IVE &8 = F: transition metals 18K,y 15~19
=4 )& B F: high-valence metals 1gK,y > 20
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Stability (formation) constant
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[ML] =8 [M] [L]

[MLZ] _ [ML,

=K K B
Pp = KK, = [M][L] LwlL][L] [M][L]?

B,=KKyeee kK,
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HHREFE: cumulative stability constant
First stage AR A2 %€ H 20 L= Ky,
Second stage RARRE T L,

n" stage BFRFEEHEI L, = K., Kg

B, H(Kﬁ) lg 5, Zagm
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total formation constant
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X79: [ML] =B 4[M] [L]

T Ed:

Cy=[M]+B,[M][L]+P,[M][L]? +...+ B ,[M][L]"

S 7510 7 B

Distribution fraction of coordinate
+ [ML] + [ML,]+ ... + [ML, ]

[ML,] =B > [M] [L]°

[ML,]= & v ier

=[M] C(1+B4[L]+Bo[L2+... +B,[L]™
=[M] (1+XB;[L])
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fl: £ CuHBHH, H[NH;]=1.0X10-3mol-L-1§},
THE B T DA R AR B & M RIS & VI 400 0 3

2 logB,~ logBs7 7 ~44.31,7.98,11.02,13.32,12.86

9@;430: 14+ B;[NH;i=1+10431 X 10-3-004 10798 X 1.0-6:00+ 1011:02 X 10-

+ 1013.32 X 10-12.00_|_ 1012.86 X 10-15.00
= 1+20.4+95.5+105+20.9 +0.0072=243
FrLL: §,=1/243=4.1 X 103  §,=20.4/243=8.4 X 102
§,=95.5/243=0.39 §,=105/243=0.43
§,=20.9/243=8.6 X 102 §.=0.0072/243=3.0 X 10
LS K INHLTE R, I3 2) & AR A dh 28 (oA D o
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Coefficients of side reactions and condition formation constant

S E‘J &E\?&Eﬂ )i@f%%[ Side reactions

1. FEARY H Rl s AT S B 2R A
2. &) BT M RIS N AT IO, 2R £
3. FL &MY HIEI S v R

Schematic diagram of side reactions in the next page

—. FFaE EE Condition stability constant




A~ B Schematic diagram
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The side reactions of EDTA
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pH L [H ] = ary ) TIYH 1= Bl S ™ 2
pHEH = ay,, Vi pH>12=ay, ~1 4




Bil: THEpHSE; EDTARER RN REL W EUE, 7
LI EDTA S A ARSI 90.02mol/L, SK[Y4-]

f#:

g, 107 107 107"
Ay = 1T 101034 T 10-1034-624 T 1010347624275
1072 10
T 10—10.34—6.24—2.75—2.07 T 10—10.34—6.24—2.75—2.07—1.6
1 0_30 ~ 1 06.6
T 10—10.34—6.24—2.75—2.07—1.6—0.9 i
:>[Y]:0[(Y] :1%2620 =7x10” mol/L

Y(H)
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:M: [H Y] +[H. Y] +---+[Y]+[NY]

aY
[Y] [Y]

_[HYI[H YT+ +[Y] | [NY]+[
[Y] Y]

= Ay T Ay —1
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Side reactions of metal ion
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Coordination effect coefficient
_[M'] - [M]+[ML]+---+[ML, ]

0T M) [M]
=1+ [ML] + et [ML“]
M] M]

=1+ K, [L]+ KK, [L] +--+ KK, K, [LT
:1"':31 [L]"’ﬁz [L:z'l"""'ﬁn [L]n (Mﬁ’?ﬁﬁ‘ﬁiﬁ‘ﬁﬂﬁ)
E: MRS INE RN H) RS T RHRE (B SLEAD
[ 7~ ¥ 125 < R v 1 O
L2 $8NH,-NHACLZZ 11 & R, 4RBhECAZF), #EdksT), OHS
L—>O0OH = oy = oyen

> it LT, a1, BIRNAEET S
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[M] [M]

[M]+[ML|+L+[ML, | +[M]+[MA]+L+{MA | [
[M]

= Q) T Oyiia) ~ |



FpH=11.0H)Zn2*
EKOCM (logP,~ logP, 7

-, [NH3]: OlOmOl/L,
N2.37,4.81,7.31,9.46)

ﬁfF: aZn(NH3) :1_|_102.37 ><10—1.00 _|_104.81

+107.31 X 10—3.00 + 109.46 X 10—4.00

8% pH=11=lga,,on =54 » Apom =2.5

i s 5
Oy, =g,y T Aznony — 1= 9.06x10
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Side reaction coefficient of coordinate
M+Y+H =MHY M+Y+OH. =M(OH)Y

_[mEY] _ [M(OH)¥)]
vy [MY][H' ] MO MY ]| OH |

K

[MY'] [MY]+[MHY] )
MY(H) ) [MY ] [MY] :1+KMHY |:H ]

04

MY'l [MY]+[M(OH)Y )
Onyony = [[MY = [ ] [1£/IY] ] =1+ KM(OH)Y [OH }
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Condition stability constant (apparent, effective)
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,WIJ . ENH3'NH4CL27‘§\/EP ‘Jg?@i HH (pH:9 ) ’ 1
EDTAJ EZn2*, #7[NH,]=0.10mol/L, i
AR Zn(OH) ,TTTE, THE LT RIIgK,

i

ng' =lgKk -lga —lga

ZnY ZnY Zn(NH; ) Y(H)

o =3.1x10 =lga =5.49

Zn(NHj;) Zn(NH;)
pH=9 =a., =10" = lga ;=128

BRI K  =16.50

/nY

BBl lgK  =16.50-5.49-1.28=9.73
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=2 FpH=5H, ZnY )& 1F

pH =20 ,1gay,, =13.51 ; pH = 5K,

fix= lgK =16.50

/nY

gk =gk -lga

ZnY ZnY Y(H)

DTBh: pH=2mf,1g K =16.50-13.51=2.99

/nY

pH=5),1g K' =16.50—6.45=10.05

/nY



Metal indicators
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Metal indicators
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Common used metal indicators
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Metal indicators and its characteristics
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qualifications of metal indicators

1) MIn5Ingite il AR, 2R,
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Common used metal indicators
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EBT(#RT)

Eriochrome black T

IgK(Mgln)=7.0
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EBT&HpHItE: 7~10
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Color change point

M + In — Min
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¥l ¥ pH=10.0 BT EBTHKI(pMg),

f#:. 24 1gK(Mgln) =7.0
EBT: B,=1016 £,=10172

aIn(H) =1 + 10-10.0+11.6 4+ 1()-20.0+17.9 = 1 ()1.6

(pMg), = IgK’ Mein = 1€Kvioin— 1801
=T7.0-1.6=54



AEpHTEBTH(pMg),

pH [ 5060708090 11.0 | 12.0
(pMg), | 0 | 1.0 | 2.4 | 3.4 | 4.4 6.30.6.9
(pPM), F] EBH RBIER
(PM), B 93 7€ 2 KB (pM) . »
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Common used metal indicators

&5 75 #fApH | In (MIn| EEHEM
BT () 7~10 Mg** Zn?

—EREME () <6 = Bi** Pb2* Zn**
BRI ) | 1.5~3 | I Fe™
$535 7 5T 10~13 [ Ca’t
1--MIRBE) - | 2~12 | &= Cu?*
2-%i] (PAN)

(CuY-PAN) [k5 Co** Nit







— @& (XO) AT{E# B ZrO?, Bi*+, Th*-,
Zn?t, Pb?, Cd?*, He*, 1T FE R S TR

a0, £ Ff{sE =Y SR
HalnI Hsin II-I4InI Hsln | Haln Hin In

| | | |
B B &R & |

2.6 3.2 6.4 10.4 123
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Sulfosalicylic acid

COOH

Hlel
|

MFe
(Feln 384T)
pH 1.5~3 {§ F

HIn | In

|
T 2.6

I
y =) 11.7 k@&



ﬂ:ﬁaﬁfﬁu Calconcarboxylic acid
OH OH COOH

MM Ca**, Caln , pH10~13{£H
HIn In

— : :

9.4 1 13




1- (2-MLIE R |M) -2-FE (PAN)

1-(2-pyridine-azo)-2-naphthol

| R O Cu?**, Ni**, Bi')Th*
/ po—
N ( )pH 2~121% %

OH

| Hln | In

I I
1.9 =|f 12.2 ¥4I
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Fe3t . AIBY, Cu?2t., Co2*, Ni2t 5(71-
HHEH.

5] A RY, KRIEnl.

2. FBRFINELIIR
ARRE /N, TN EES k.

3. SRR TERIR

S NaCIHC R B S 4 H.
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Page 131 in textbook.
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