9. BRIt HE5 K& HE Coordination Chemistry and
Complexation Titration

o ¥ EMinerals
o RZHER, BIETESE, #HMEETHEMAT YHNEIETH A EF Most metals, including

transition metals, are found in solid inorganic compounds known as minerals.
o WMERMBMHBRMN, MAZNLFEZF Minerals are named by common, not chemical names.

o RZETEERBEN MFHEHESI+15)+4 Most transition metals range from +1 to +4
oxidation state in minerals.

Table 23.1 Principal Mineral Sources of Some Transition Metals

Metal Mineral Mineral Composition
Chromium Chromite FeCr,0,
Cobalt Cobaltite CoAsS
Copper Chalcocite Cu,S
Chalcopyrite CuFeS,
Malachite Cu,CO;3(0OH),
Iron Hematite Fe,0,
Magnetite Fe;04
Manganese Pyrolusite MnO,
Mercury Cinnabar HgS
Molybdenum Molybdenite MoS,
Titanium Rutile TiO,
IImenite FeTiO;
Zinc Sphalerite ZnS

o JAEMetallurgy
o MBEAZRPRIERHEERTEIFAERNAZEIZARThe science and technology of

extracting metals from their natural sources and preparing them for practical use.
o B Steps
e 1)3X# Mining
o 2)4&H Concentrating the ore
o 3B AR FFE EEReducing the ore to free metal
o 4)/%#tEEPurifying the metal

o S5RHESHMTRESUNTHMEE(FIREE-BARESY)Mixing it with other elements to
modify its properties (making an alloy—a solid mixture)
o IEEE Transition Metals
o FE— MBS B Properties of the First Row Transition Metals
o B—ITTEEEIEEEIUE A “First row” means period 4
o [EHRSF1E Hie A BBV 45 % Periods 5 and 6 have similar trendsin properties

o —LEENMR



Table 23.2 Properties of the Period 4 Transition Metals

Group 3B 4B 5B 6B 7B 8B 1B 2B
Element: Sc Ti v Cr Mn Fe Co Ni Cu Zn
Ground state electron configuration  3d'4s*  3d%s*  3d%s* 3d°4s' 3d%s* 3d%s® 3d74s®  3d%s®  3d'%s'  3d'%s®

First ionization energy (kJ/mol) 631 658 650 653 717 759 758 737 745 906
Metallic radius (A) 1.64 147 135 129 137 1.26 1.25 125 1.28 137
Density (g/cm’) 30 45 6.1 79 72 79 87 89 89 7.1
Melting point (°C) 1541 1660 1917 1857 1244 1537 1494 1455 1084 420
Crystal structure* hcp hcp bec bec x4 bec hcp fec fec hcp

*Abbreviations for crystal structures are hep = hexagonal close packed, fec = face centered cubic, bec = body centered cubic.
RIREIGES Rhep=7SIEERBI, fce=EUITT, bee ={R0IIS

**Manganese has a more complex crystal structure.

o HE
Orbital Occupancy of the Period 4 Transition Metals
Element Partial Orbital Diagram Unpaired Electrons
4s 3d 4p
e HEEREEE !
i B Bl T 7] 1T 2
v B el ] [T 1] 3
Cr i) [ T ] 6
Mn el feieda] [ [ [ | 5
Fe el rfofofe] [ [ [ ] 4
Co e e a] [ [ ] ] 3
Ni e el [ [ [ | 2
Cu (TR [ [ T | !
Zn ey | [ | | 0

o [EFY12Atomic Radius

o MWEZIA, TEEBHIFRITE/IEIEAKAS one goes from left to right, a decrease, then an
increase, is seen in the radius of transition metals.

o —HH, EBMBERZBESERFZE/\On the one hand, increasing effective nuclear charge
tends to make atoms smaller.

o 5—FH, sEN(ELthEREN)ERBRATIIEEREAIF /0N the other hand, the
strongest (and, therefore, shortest) metallic bonds are found in the center of the transition
metals.

o SE5MERHANANATERE, XEHTH#HRKIE——BN4f 8B F 3B W% B & AR2 N
Periods 5 and 6 are about the same size due to the lanthanide contraction—the effect of 4f
electrons on effective nuclear charge.



—a— Period 4 (Sc-Zn)
1.8 —e— Period 5 (Y-Cd)
—— Period 6 (Lu-Hg)

1.2 < >
3B 4B 5B 6B 7B 8B 1B 2B

Group
o TEEE4F4 Transition Metal Characteristics
o Zo G BIdESENATBERY M FiPartially occupied d sublevels lead to the possibility of
1)ZE &t Smultiple oxidation states
2) L E¥IRIER E colored compounds
3) R 4F I magnetic properties
o Fft&O0xidation States
o T EEA4HYITIE TTZE For the period 4 transition elements
o HPHBFAE, BNE%LRE4s LHNBEF A (SERINER2EF(BE2EN

)when cations are formed, they lose the 4s electrons first; all (except Sc) form a +2
cation(have a +2 oxidation state)

e MScEIMn, RAEMNLSE4sTI3dEF Z Hfrom Sc to Mn, the maximum oxidation state is

the sum of 4s and 3d electrons

° Mnfg, RARMEBZFHAE/N, HEZn, {XJ9+2 after Mn, the maximum oxidation number
decreases, until Zn, which is ONLY +2

o EZ&E¥IComplexes

o BE, TEEZBRIIMBEDFABFSENIES, FRABIRCommonly, transition metals can
have molecules or ions that bond to them, called ligands.

o XA THREBEFHEMAMNEY), BT EEZRESMPRIUMEEIFZENEThese give
rise to complex ions or coordination compounds. Many colors are observed in transition
metal complexes.

o FEAFLUIRSHET, RM—ITEFHMEEEBELigands act as Lewis bases, donating a pair

of electrons to form the ligand-metal bond.

o % MHAYEC{Rcommon ligands



O—H ‘N—H :C:l:_ :C=N:r"  :c=0:

o FEfiIft &4 Coordination Compounds

At EBEER— &) B FH— 1T REE FAHRKA coordination compound typically
consists of a complexion and a counter ion.

BEBFEES— 15— 1THETDFHABFEEHNFOEREFEEFA complex ion contains a
central metal cation bonded to one or more molecules or ions.

ERESBFHRESRESREND FI B FIRNEARThe molecules or ions that surround the metal in
a complexion are called ligands.

BLIRZE /DB —IFRF YN B FA ligand has at least one unshared pair of valence electrons.

o F/RFBFE-H/RMIVTE S BESYIEICAlfred Werner’s Theory on Transition Metal Complexes

FEIFZ HCoCBFINHIEE MBI EY, Alfred WernerfE1893F R T EA 1M FiMany
compounds exist combining CoCI3 and NH3.Their nature was explained by Alfred Werner in 1893.
BMUAESMPRZENENEERE 3, AN, SERESNRFHREREN, MFRZHECALIEL
The oxidation number of a metal is +3 in each compound. However, the number of atoms bonded
to the metal is different. He called this the coordination number.

RRZ BN XS RRPE N A BUTENBEFHERT —THEF, ERIEER
BZ VD ABEFRBEEEEETIEEThe key to solving this problem is the number of ions
produced in solution per formula unit: along with ONE cation, the rest would tell how many Cl-
ions are NOT connected directly to the metal.

AgCIBSTIRIRAE T 88 Cl -R9 %L E Precipitation of AgCl confirmed amount of free Cl-.

5 ESRAENR REEFEEEEWriting the formula: the brackets show the complex;
counterions are written after.

Table 23.3 Properties of Some Ammonia Complexes of Cobalt(III)

Original Ions per “Free” Cl~ Ions

Formulation Color Formula Unit per Formula Unit Modern Formulation
| CoCl;*6 NH; Orange 4 3 [Co(NH;)]Cl;

CoCl;+*5NH; Purple 3 2 [ Co(NHj3);Cl|Cl,

CoCl;*4NH; Green 2 1 trans-[ Co(NH;),Cl,|Cl

CoCl;-4NH; Violet 2 1 cis-| Co(NH3),Cl, |Cl

BLIBL SR04 H:Co3+HIIEBC A Structures of Coordination Complexes: The ammonia
complexes of Co3+



Composition lons released Color

CoCl;"6NH, 3 “free” Cl- ions Orange-Yellow
CoCl3*5NH; 2 “free” Cl- ions Purple
CoCl;"4NH, 1 “free” CI- ions Green or Violet
CoCl3*3NH; 0 “free” Cl- ions Green

In all of these complexes there is no free NH,
(No reaction with acid)

o ELEWIRI =445 ICoordination complexes’ three dimensional structures

NH;
|
CoCly;6NH,  HaNucgeNHs — CoCly-5NH,
H;N 'LHNH3
3

C- CI CI Cl- CI
Cr Ck
H3N(co Co™" \NH3
Bond toward you Bond away from you

o FEC{i5#The Metal-Ligand Bond
o ERMEM Z BRI E S I (/&) 2 B (Bo i) Z [B1AY s N The reaction between a

metal and a ligand is are action between a Lewis acid (the metal) and a Lewis base (the ligand).

o FNEESYMABMISIIENAIE RGN, M. EIFRBAI)The new complex has distinct
physical and chemical properties (e.g., color, reduction potential)

o figfi%iCoordination Numbers

o EREMBEUIHEUATEREAA/NBRAIA/)\The coordination number of a metal depends
upon the size of the metal and the size of the ligands.

o TR(INAINS6TENMES, BRESATIMY(ERK)ZESIron(l) can bind to 6 fluorides but
only 4 chlorides (larger).

o & MMEAEEAN6, BN T E RESJLAAIA: U EARSE E 5 A2 m;/\E{AThe most
common coordination numbers are4 and 6. They correspond to common geometries: tetrahedral

or square planar; octahedral.



A tetrahedron has four

triangular faces and
four equivalent vertices.

MEAE A= a T
ERIPY MBS TR av o
4 Cl
Tetrahedral geometry
PomE AR
ea = N =] L i The metal and all four
AEE—FE L ligands lie in the same plane. o .
,
“pp—Cl
c—Prt
[ ‘CI]
Square planar geometry
ESRAFR
— N )\EERE/\ An octahedron has eight
_ . . triangular faces and six
/I\:% 07 equivalent vertices. F 3
ARSI | F
F“FELF
adll
F
Octahedral geometry
J\ER
Coordination
Number Shape Examples
2 Linear ‘—@—0 [CuCl,] ", [Ag(NH3),]™, [AuCl,] ™
4 Square planar . [Ni(CN),4)>~, [PACL >,
[Pi(NH3),]* ", [Cu(NH3)4]**
4 Tetrahedral \ [Cu(CN), >, [Zn(NH3)4]*",
[CdCL]* ™, [MnClL, >~
6 Octahedral k‘* [Ti(H,0)6]* ", [V(CN)el*

[Cr(NH3)4Cl] ", [Mn(H20)6]*",
[FeClg]*, [Co(en)s]**

o EIAEZ{RCommon Ligands

o FIMMNRBEE T —LEARSYHE IAIEAThe table shown contains some ligands
commonly found in complexes.

o BINIASERELEMN—MIAEME, WERAS A MLEBEMonodentate ligands

coordinate to one site on the metal, bidentate to two sites



Table 23.4 Some Common Ligands

Ligand Type Examples
v 5 WIRET - SEREF
Monodentate ~ H,O: Water :E:” Fluoride ion [:C=N:]" Cyanide ion [:O—H]~ Hydroxide ion
:NH; Ammonia :Cl:” Chlorideion  [:5=C=N:]" Thiocyanateion ~ [:0—N=0:]" Nitrite ion
& oo mmEsEF ot TREEET
Bidentate & 5 2- 3
.O; (0 0 a
N 77 I
H,C—CH; C—C
H,N NH, Q\, X Q\, p . O o7 G
Ethylenediamine (en) Bipyridine Ortho-phenanthroline Oxalate ion Carbonate ion
ZZ% EDA (bipy or bpy) (o-phen) SRR T
EXlltbitEding SBIETHH HERRET
Polydentate :0: {03 Ho X =
e .
H,C—CH, CH,—CH, :0—P—0—P—0—P—0:
7% N N | I
HoN N NH, :0: o] HeH
Diethylenetriamine Triphosphate ion
—WZE=R EHIRET
HoH HeH
o I =
:0—C—CH, CH,—C—0:
IN—CH,—CH,—N
:Q—T'l:—cr-lz CHZ—ﬁ—Q:
Ho H HoH

Ethylenediaminetetraacetate ion (EDTAY")

o EEMIChelates

o IS ZEE A FRNE S TIBidentate and polydentate ligands are also called chelating
agents.

o HFZITESBI ALLE G ZEFXEEThere are many transition metals that are vital to human
life.

o Hh—E5EE745 4 Several of these are bound to chelating agents.

3+
3+

H, HaN

—_— N.
N i, | o 2

H, HN< ’/\

[Co(en)s**

[Co(EDTA)] -




SARRIECHR
polydentate ligand

. (EDTA)
I
O\\C_LCH\/C“Z
/ N _
S | N, [PDEDTAP
o:/Pb\:N CH,
\CiicH/\ -
/b
N

(0]

Bidentate and polydentate ligands are called chelating agents
NS EEAFRAEET

Chelates in Biological Systems

* The porphine (F-H})
molecule is the basis for
many important biological
metal chelates, becoming a
porphyrin (N ) ring.

+ The iron in hemoglobin (I
¢ &R )carries O, and CO,
through the blood. It
contains heme (M#413%)
units.

* Chlorophylls (f4%3%) also
have metals bound to
porphine units.

o [@7FHIKIsomers

o EDEMRSFNEE, (BEFHFIAEIsomers have the same molecular formula but a
different arrangement of atoms.

o FRM[ED FMAK
o ZE¥)EM{Rstructural isomers

o SFBEMBEFIEE S VA [Esame molecular formula but different connections of
atoms

o BRfiIFHICoordination sphere isomers
o BEBFHIAMZFNZ ¥ Composition of the complex ion varies
o BRAFMNARZAETSEREENEATEEALZK 2 /MIES{RCoordination

sphere isomers differ in what ligands are bound to the metal and which fall outside
the coordination sphere



For example, CrCl;(H,0)4 exists as
[Cr(H,0)6]Cl3, [Cr(H,O)5CIICI, - H,0, or
[Cr(H,0),CL,]CI - 2H,0.

[Cr(NH;)sSO,4]Br and [Cr(NH;)sBr]SO,

o BEERHLinkage isomers
o ERAFMAEFR, RABIAENETFSERLSIN linkage isomers the ligand is

bound to the metal by a different atom.
an, TWAEER BT BUEIE NS 08245 S For example, nitrite can bind via the N or via
an O

*..::-
\ E <t \ /
T2+
L
@ Q @
C - 0
Q@ <
o o °
| @
Nitro isomer Nitrito isomer

Bonding via ligand N atom Bonding via ligand O atom

o T {AFHM{Kstereoisomers

o HEIMNRFEE, BAREIN=45Esame connections of atoms, but different three-
dimensional orientations

o JL{OEHI{RGeometric isomers

FE/aEAER, RFOHTIZARER, EESZSY LFERRARIN geometric

isomers, the arrangement of the atoms is different, but the same bonds exist on the
complex.

Bgn, SRS RIBARELB(IRI) SE & (RA),FET A REFES/ \HRE S H,
mA=PUE{AFor example, chlorine atoms can be adjacent to each other (cis) or
opposite each other (trans); found in square planar or octahedral complexes, not
tetrahedral.

ENEEAFRNYEER, FEEEBEBARNMNLZE KL EThey have different

physical properties and, often, different chemical reactivity

I 2 4



- )

cis trans
Cl ligands adjacent to each other Cl ligands on opposite sides of central atom
NH; ligands adjacent to each other  NHj ligands on opposite sides of central atom

Geometric (cis-trans) isomers for a square
planar compound
(a) cis isomer (b) trans isomer

cis — [Co(NHy),Cl,]* trans — [Co(NHg),Cl,]*

o FEYtEMIK(F 1) Optical isomers
o NFEFMMK, TITIREK, SHRUCKIHRE, BULAEZEOpticalisomers, or

enantiomers, are mirror images of one another that don’t superimpose on each
other.

o A TNHXEF MR They are said to be chiral.
o ENINMHRREES HtF U RIRMAS A B AR Their properties differ from

each other only when in contact with other chiral substances



Optical isomerism in an octahedral complex ion

Does [Co(en),Cl,]- exhibit geometrical isomerism?

Yes
Does it exhibit optical isomerism?
Cis form - Yes Trans form — No
3 '521“3* {%}f aad
4> 42
N\CO/CI CI\C|°/N Cl\co/,N CI\ /N N\ /,CI N\ /,CI
N/l\c' C'/ | \N C'/‘\N N/Co\m m/T\N m/T\N

1 I notsameas il N N N
1 u m
cis—[Co(en),Cl,]* same as
trans - [Co(en),Cl,]*

NO Do the molecules have YES

[ the same atoms? ]

Not Do the molecules have
isomers NO the same bonds (atoms YES
linked to the same
partners)?
Structural ;
e Stereoisomers
Are the
NO liDa(:x :lhse bsianrgeto YES NO molecules non- YES

t%e metal ion? supeiuiposatle

: mirror images?
Coordination Linkage Geometrical Optical

sphere 7 g 5

ot isomers isomers isomers

o Eifcolor
o ERBEVATE2EHE/KColor depends on the metal and the ligands.
o BMNELZSYHEIENEAIFTIH T Two ways we see color in a complex
o MR ERFPER B A EObject reflects that color of light.
o WMABEEHIBR B 4MNE AN FR B BN (W0 7E R UK SEIE HR A L) Object transmits all colors

except the complementary color(as is seen in an absorption spectrum)



D&WE. E‘ ﬁ Blue, green, yellow
HEILTRAIRE | o e ot el
SHNIRES, B | oo
s

I \’\

Absorbance

400 500 600 700
Wavelength (nm)

2

Relation Between Absorbed and Observed Colors

Absorbed Color A (nm) Observed Color X (nm)
Violet 400 Green-yellow 560
Blue 450 Yellow 600
Blue-green 490 Red 620
Yellow-green 570 Violet 410
Yellow 580 Dark blue 430
Orange 600 Blue 450
Red 650 Green 520

o ER{KIHIEILCrystal-Field Theory
o UNRIATIA, ERIREWIRSHER (2 E)N5|AVEE S HifAS was mentioned earlier, ligands are Lewis

bases that are attracted to a Lewis acid (the metal).
o BREE LdEMNBEFESHEREABut d electrons on the metal would repel the ligand.
o HERMIFEILH, FRENRAHIANZRHEEIHIE LB FHFIIR BN crystal-field

theory, the approaching ligand is considered to be a point charge repelled by the electronsin a
metal’s d-orbitals

o Ak, EEEYHEEAIIINETRSE HTherefore, the d orbitals on a metal in a complex would
not be degenerate.



o BREIEME AN BEE R LEARLE R TE @B RAIBEE S Those that point toward ligands would be
higher in energy than those that do not.

‘ /—D-D—fset(d da

/MLtalu)nplus \\

1 ligands (negative \EH:H:}_ 1, set (4 i d 1 )
‘ / point charges 3 i 5
| with spherical n octahedra

/  symmetry) crystal field

00000 emmpmpms  © \ERBKSSE

Free metal ion BRXIFRAOSERT)
HEEREET

o Co3+ HIZMHE R IES BB TNHIELIRAY B FXHybrid Orbitals on Co3+ Can Accept an
Electron Pair from Each NH3 Ligand

Energy

H

o J\EHFHIEES S VIR F 5 FnOctahedral Complexes
d,andd,. . point their lobes directly at

the point-charge ligands.
d.andd,. . gl S ISEiRE R

d,;.d,.andd,, point their lobes between

xz’ T yz?

the point charges.
d,.d,,.and d, ssiwiimm S SRt

xz? Y yz?
o ANFRBEANEAIRFIREANESF, BFEASEABEMARIZNdNE, MEHIRR

/)M Because the negative point-charge ligands repel negatively charged electrons, the electrons

will first fill the d orbitals farthest from the ligands to minimize repulsions.



The five d-orbitals in an octahedral field of ligands.

o ZEEsplitting energy
o HEZERIEEE ETRNRINT D BLEEThe energy difference between the orbitals is called
the crystal-field splitting energy
o dHVIE Z [EIRIBEREXTS N F1E N Y F R Bk IR UL AU BEE This energy gap between d orbitals

corresponds to the energy emitted or absorbed as a photon

‘ [
o0 AANANNANNNAD—
g of
Lﬁ 495 nm
| :

o JOEAFFIIRIEEAIEINAINE R BEE [BFRAVEE I XN EL IR B THEF (X2 — AR B IR
17IBIBHIZ{R) The spectrochemical series ranks ligands in order of their ability to increase
the energy gap between d orbitals. (This is a variation known as ligand-field theory.)



Cl™

< F

Energy

1.

[Ni(H,0)]**

Max absorption in
visible = 720 nm

——Increasing A —>

.

7 ‘

b — ta

[Ni(NH,) J**

Max absorption in
visible = 570 nm

10

o TiEMEAF M Magnetic Properties
o 3817 ({1 B HE)Strong—field (low-spin)
o FFHAR/NMEN RIS E FYields the minimum number of unpaired electrons.
o 5517 (7=5 BiE)Weak-field (high-spin)
o FFARABERARMITE FVields the maximum number of unpaired electrons.

o AR RS

&FAHund’s rule still applies

1.

.

[Ni(en),]**

Max absorption in
visible = 545 nm

< H,0 < NH; < en < NO, (N-bonded) < CN™

o RECXSEEFHIEE BURA T IE#EHAYITE Numbers of unpaired electrons can differ
depending upon the order in which orbitals are filled.

T Ein B R hEiL"IZHIStronger ligand

fields result in greater splitting of orbitals; this is a “high-field” but “low-spin” case.

o BRI SEBRIEINES X

fields result in lower splitting of orbltals; thisis a “low-field” but “high-spin” case

o BEERECINIASEEARREIIE

/\§'J

e spin pairing energy B8 F R 3T BE

Energy

[Spin pairing energy larger than A ]

DZQLZE

— PR E

[
1.

[T,
l

[A larger than spin pairing energy }

d%ion

B e B9 fWeaker ligand

A greater than
spin-pairing

A less than spin-
pairing energy,
electrons singly
occupy each e
orbital before
pairing in the t;
orbitals

energy, t; orbitals
are filled with
electrons before
occupying the e
orbitals

Energy

K
A A
N l
[CoFg®
Higl(')l-:pin - ?
complex [Co(CN)g*~
Low-spin
complex



High spin Low spin

]
d3. 2 d.2

Y mmm

do dy: Az

[5 L] [
HEY mEmm

,ﬁ L] [
Y @@

ﬂ [ ]

N OIN] (4]

N ] Y]

o BHEBFHMEINEEparamagneitic
o RBRBTFMEFMHFEdiamagnetic
o [UE{KHET Tetrahedral Arrangement
o B =dHE“IEMEL{K”None of the 3d orbitals “point at the ligands”.
o PDRJHE Z [BIRIBEE EE/\IZ ZDifference in energy between the split d orbitals is significantly
less.

o dMEDHS/\E{FHEFIHE K d-orbital splitting will be opposite to that for the octahedral
arrangement.

o 35171 R (3 B 22 & Weak-field case (high-spin) always applies.
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o 1EAF.FESquare Planar
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Square planar

o &EMEComplexation Titration

o TBIEALRE T ERIMGIFExamples of simple Complexation titration

Titrant Analyte Remarks
Hg(NO3), |Br-, Cl, SCN-, Products are neutral Hg(II) complexes,
thiourea Various indicators usedn]{HHZ g%
AgNO; CN- Product is Ag(CN),; indicator is I-;
titrate to first turbidity of Agl FHEEAqINE—HE
NiSO, CN- Product is Ni(CN),2; Various
indicators used
KCN Cu?t, Hg?*, Ni** Product are Cu(CN) 2, Hg(CN),, and
Ni(CN),Z; various indicators used

Remark: [ML]
Feasibility titration for M +L 5 ML~ K, =———>10°
BT ML
e EDTAJEZE EDTA Titration
o EDTARIMLZEFIME B Chemistry and Properties of EDTA

e Structure of Ethylenediaminetetraacetic acid

HOOC—CHy_ _CH,~COOH
= SN—CHy-CHy-NZ =
HOOC—CH,” = — “CH,~COOH

o EDTAR—P7/NAEC/R(2TNIRFF14 1N 0[FF)EDTA is a hexadentate ligand (2 N atoms
and 4 O atoms)

o FIE®E- EDTARCEYINL R ITE N 1:1(ZE:EC /A= 1:1)All metal-EDTA complexes

have a 1:1 stoichiometric ratio(metal : ligand =1: 1)

o FT/E- EDTA/NR ARSI (SEFR LB YM-E B EC &) Six-coordinate structure of metal-
EDTA (indeed Y*4-complex with metal)



@@ O (b) o

fug G T

NTIRBAEE- EDTAREMROAZEL, 1LEAN1Z R Cd2+FEDTAZ [B)B9 /X Mz To illustrate the

formation of a metal-EDTA complex, let’s consider the reaction between Cd2+ and EDTA

Cd* (ag) + Y (a9) = CAY* (aq)

YM-ZEDTARE ERF L H U898 S where Y 4- is a shorthand notation for the fully
deprotonated form of EDTA

2 N BT EAKE The reaction’s formation constant, Kf

[CdY”]
[Cd™][Y"]

Kf == = 29X 1016
Kf'

ay* - Equation for Y4 fraction:
Ceora = [HaY] + [H, Y] + [H Y] + [HY] + [Y"]

"]

=
The reaction’s formation constant, K
o= CdYT] _ [Cdy*]
¥ [CF [Cd**] @ v Ceora
- _[cdy”]
KF ]{f X aY [Cd2+] CEDTA

K’; is a pH-dependent conditional formation constant

K'2— M&EF pha R RSFHE



HERMEARAIPMET, CDY 2-HIKFEHE/, BEYEREBIEE

K’; the conditional formation constant for CdY2-
becomes smaller and the complex becomes
less stable at more acidic pHs.

1.0
%) a o fa Values of &ya- for Selected pH Levels
0.8 PH o pH o
H,Y Y=\ [ S ay-") [y : 1.94x 107" 8 5.68x 107
- af T 2 347x 1074 9 5.47 x 102
- 3 2.66 x 107! 10 0.367
. 4 3.80 x 107 11 0.853
H,Y 5 3.73x 107 12 0.983
- . 6 237 %107 13 0.988
7 5.06x 107 14 1.00
0 4 6 8 10 1 14
pH
N -
Nt

Complexometric EDTA Titration Curve
Calculate the titration curve for 50.0 mL of 5.00x 103 M
Cd?* using a titrant of 0.0100 M EDTA (a) at a pH of 10
and (b) ata pH of 7. Cd* (ag) + Y* (ag) = CdY* (ag)

» AtapH of 10, where some of the EDTA is present in forms
other than Y4-. To evaluate the titration curve, therefore, we
need the conditional formation constant for CdY2-, K';.

Kf’ = K Xy = 29 10" X 0.367
= 11 %10
* The titration’s equivalence point requires volume of EDTA:

-3
Vq — Vi'm’.ﬂ\ — M[:{L’r(u — (SDOX 10 M)(SOOD\L)

Mo {0.0100 M) =250mL

Complexometric EDTA Titration Curve
Calculate the titration curve for 50.0 mL of 5.00 X 103 M
Cdz?+ using a titrant of 0.0100 M EDTA (a) at a pH of 10

and (b) ata pH of 7. Cd* (ag) + Y" (ag) = CdY" (ag)
« Before the equivalence point. For example, after adding 5.00
mL of EDTA, the total concentration of Cd2+ is:

(5.00 x 10™ M) (50.0 mL) — (0.0100 M) (5.00 mL)

[Cd™] = 50.0 mL + 5.00 mL

3.64x 107 M

pCd = 243




Complexometric EDTA Titration Curve

Calculate the titration curve for 50.0 mL of 5.00 X103 M
Cdz?* using a titrant of 0.0100 M EDTA (a) at a pH of 10
and (b) ata pH of 7. Cd* (ag) + Y" (ag) = CdY" (ag)

+ At the equivalence point all Cd2* initially in the titrand is now
present as CdY2-. The concentration of Cd2* is determined by
the dissociation of the CdY2- complex. First, we calculate the
concentration of CdY2-,

5.00 X 10~ M) (50.0 mL)
50.0 mL + 25.00 mL

+ Caculate the concentration of Cd2* in equilibrium with CdY2-

[Cdy=] = < = 333x10°M

h_ _[CIYT]  _ 3.33x10°—x _ "
8= el ®1%) L1x10

¥=[Cd"] = 550x107""M pCd = 9.26.

Complexometric EDTA Titration Curve

Calculate the titration curve for 50.0 mL of 5.00x 102 M
Cd?* using a titrant of 0.0100 M EDTA (a) at a pH of 10

and (b) at a pH of 7. Cd* (ag) + Y* (ag) = CAY” (ag)

» After the equivalence point, EDTA is in excess and the
concentration of Cd2+ is determined by the dissociation of the
CdY2- complex. First, we calculate the concentrations of CdY2-
and of unreacted EDTA. For example, after adding 30.0 mL of

EDTA. Cdy- = 300 10°MGOOmL) _ 41010
& 50.0 mL + 30.00 mL :

— (0.0100 M)(30.00 mL) — (5.00 X 107 M) (50.0 mL)

Ceom 50.0 mL = 30.00 mL
Ceom = 6.25 X 10~'M
p— _[CdYT]  _  302x10°M _ "
K = Ci G~ @625 %10 M) _ 11*10
¥=[Cd¥] = 4.54x107'°M pCd = 15.34

Complexometric EDTA Titration Curve
Calculate the titration curve for 50.0 mL of 5.00x 103 M

Cd?* using a titrant of 0.0100 M EDTA (a) at a pH of 10

and (b) ata pH of 7. Cd* (ag) + Y* (ag) = CdY* (ag)

The calculations at a pH of 7 are identical, iisiseE pCd pCd
except the conditional formation constant EDTA (ml) acpH 10 atpH 7

for CdYZ_ is 1.5x1013. 0 2.30 2.30

] 5.00 2.43 2.43

&l ] r..,.__.-a—f 10.0 2.60 2.60

15.0 2.81 2.81

gw r‘_‘_‘—H 20.0 3.15 3.15

A 23.0 3.56 3.56

5 25.0 9.26 7.83

.-e—-—'—“'/ 27.0 14.94 12.08

o 1 30.0 15.34 12.48

’ = \rnluzr:eufsnﬁmu . = 35.0 15.61 12.78

The points in red are the calculations 400 15.76 12.95
for a pH of 10, and the points in green il 15.86 13.08
are the calculation for a pH of 7 50.0 15.94 13.18




