Analytical Chemistry Lecture 2 Dr. Ruba Fahmi Abbas

Complexometric Reactions and Titrations

Many metal ions form slightly dissociated with various ligand (complexing agents).
Complexometric titration is useful for determining a large number of metals. Selectivity can
be achieved by appropriate use of masking agents (addition of other complexing agents that
react with interfering metal ions) and by pH control.
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Complexes and formation constant:-
Complexes play an important role in many chemical and biochemical processes, for
example, the heme molecule in blood holds the iron atom tightly because the nitrogen atoms
of the heme form strong ligand or complexing bonds, which means nitrogen is a good
complexer.
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For a given species like ML, we can calculate an alpha value, which is the fraction of the
total metal concentration existing in that form. Thus, ay is the fraction of the total metal
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present at equilibrium as the free metal,ay_ is the fraction present as ML, and so on. the
alpha values are given by:

Q- Calculate of Alpha values for metal complexes?

3 el 5 Jseaal) s gall Jamall o ¥ metal (S5 M 5 2823 Jal e 58 5 ligand 25 L o) s ML 28xall 3a
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a = is the fraction of the total metal concentration existing in that form
ay =Iis the fraction of the total metal present at equilibrium as the free metal
aym. =is the fraction present as ML

Calculation of Alpha Values for Metal Complexes

The alpha values for metal-ligand complexes can be derived in the same way
that we derived values for polyvfunctional acids in Section 15H. The alphas are
defined as

[M] [ML,]
iy = 1 Sy, =
Ch LAY
[ ML ] [ ML, ]
LT - Dy, = -
b il

The total metal concentration oy can be written
e = [M] + [ML] + [ML,] + --- + [ML,]

From the overall formation constants {see Equations 17-5 through 17-8), the
concentrations of the complexes can be expressed in terms of the free metal con-
centration [M], to give

v = [M] + Bi[M][L] + B [M][L]% + - + B, IM]I[L]}"
= [M]{1 + B,[L] + Ba[L]* + - + B,IL]"}

Now oy can be found as:

[M] _ [M] K
Ch [M] + B, [M][L] + B, [M][L}*+ - + B,[M][L]}”"
|
1 + BIL] + B.[L]2 + B5[L1? + - + B [L]"

gy =

From above Equations. We can find oy, from
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S [ML] 5 B [M]I[L]
2 [M] + B [M][L] + B;[M][L]? + -~ + 8,[M][L]}"
_ FilL]
I + 8[L] + B[L]* + B3[L]* + - + B,[L]"
(i — SN = 7o ] TR e
1+ AL + BILP + GILP + -+ B[L]"
DR e U 5 I
METT 1 4+ Bi[L] 4+ 8:[L]1% + B5[L1P + .-+ + B,L]I"
s S Ball1?
1+ BIL] + BLI? + B[L]® + - + B,IL]"
- B.[L]" "
- L P O[] | G:[L])? + S5[L]* + +- + g, [L]"
The alpha values for metal-ligand complexes
_ [M] _ [ML] _ [ML2] _ [ML3] _ [MLn]
QM_W (XML_W aML2—W QML3_W oaMLn = oM
DS A oM Lud;gML L :gML2 eS8 A :gML3 4 :gMLn
Al ol g | Sl 385 SO 385 | [ML3] sl S Sl 38 5
S8 (M) &V [ML] 2ixd [ML2] siall Gaeall SN 5 5 ) &V [MLn] Saell
(CM) gaxall KU S S S S ) (CM) S S
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A Gl sl 5S35 8 [M]
Adliaal) ataal) SLS pall I 5S 5 A[MLN] <. < [ML2] <[ML]

Sainall LS Hall LN 0 ST Sl 5 2B« B2 Bl

Gaall K 5 5 CM = [M] + [ML] + [ML2] + ... + [MLn]
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Many cations will form complexes in solution with a variety of substances have a pair of
unshared electron (e.g. on N, O, S atoms in molecule) capable of satisfying the coordination
number of the metal. The metal ion is a Lewis acid (electron pair acceptor), and the
complexer is a Lewis base (electron pair donor). The number of molecules of the complexing
agent, called the ligand, will depend on the coordination number of the metal and on the
number of complexing group on the ligand molecules.

3 5l (e st e gama pn Jsladll (8 Bainn LS e JS gl Litendl) i 5L (50 2alle
&t < SH ol Y o g il <l )3 Jia) AS jidiall e <l SIS e gz 5 Ll Al
. ol coordination number Gulidll sae (&5 e 3 a8l (o5 sl
sl 3l sa S all g (g I 55 Jiiana) Gl ans sa Ganadl Ol e @
(Sl s 7 55 =)
¢ ligand 2l caw 3 ¢ complexing agen gl dale il ja xe o A iy o
Alaalll Al a8 Al Gle g dae e g alaall Gulill aae e aadliau

T ga¥) da G gall Auadl) () 9ol et - Jlia

[Ag(NH3)"]
Ag™ + NH; & Ag(NH3)" , Kf; [Ag ][NH;] 2.5x10
[Ag(NH3)3]
Ag(NH3)* + NH3 © Ag(NH3)7 , Kf, Ag(NHy)*|[NH] 1.0 x 10
[Ag(NH3)3]
Ag® + 2NH; < Ag(NH3)3 , Kf = Kf;.Kf, = TAg-TINH, ]2 =2.5x%x 107

Formation constant (Ks):- the formation constant is also called the stability constant Ks or
Ksp.
oS3 el (KF) LIRS el Ul ey (KS) sl s sf (Ksp).
@ (KF) Cposil) iy (Kd) <lsiil) culi gy 483a) ¢
1 1
Kf =Ks = —=—
>TKi Kd
1 [Ag*][NH;]? 1

== = =4.0x1078
Kf [Ag(NH3);] 2.5Xx 107

Ag(NH;3)} & Ag™ + 2NH; , Kd
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Example :-A divalent metal M*? reacts with a ligand L to form 1:1 complex.
[ML*?]
[M*2][L]
Calculate the conc. of M*2 in a solution prepared by mixing equal volume of 0.2M (M*?) and

0.2M (L), Kf=1.0x10°.

M™% + L =ML, Kf = =1.0 x 108

edsaslally (381 7 Al (LU asaal) paad O g N9l maad) Gus Al #) Aduy

5B Jaris ;mm"‘"’;"’ M=

;gs\zts.dsr \/3\ f\.uu:,. asxall a\y...sggss dJaadla o ; ‘

(s_;;j\ IV Kal sa LJ}LA(;;AU\& m}meb;‘yt B\ YARY M+ ‘J}h‘“(‘MU‘ UAJJSJ L“,.XSS\ ?QAJ\
V4V =2V, s bl sy Jsladl LK

mmol=V*M
mmol M*™=0.2 *V
mmol L=0.2 *V

After mixing
M= ""","” wp M of M* :O'ZZV*" =0.1
Mof L=22Y=01
M*? + L = ML*
0.1 0.1 0
X X 0.1
Kf = ML™] _ 1.0 x 108 = 0-10
C[MF2IL] T ®®)

x=[M*"]=3.2x10"°M
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Example:-Silver ion forms a stable 1:1 complex with triethylenetetramine (trien)
[NH2(CH;),NH(CH,),NH(CH,),NH,]. Calculate the silver ion conc. at equilibrium when
25mL of 0.01M silver nitrate is added to 50mL of 0.015M trien, Kf=5.0x10" ?

[Ag(trien)™]
[Ag*][trien]

Ag™® + trien © Ag(trien)™, Kf = =5.0 x 107

[Ag"] = x
mmol=M*V
cJgantally (381 7z A0 (LU cagaall paad ¢ g Y g) Laal) 5.8 Al ) JAduN
Osild Jeriad ;m&m"’;‘” M=
V total=50+25=75 mL
mmol Agt =M xV =0.01x 25 = 0.25mmol

mmol trien =M XV =0.015 X 50 = 0. 75mmol
Jeliidl e mmol trien unreacted = 0.75 — 0.25 = 0. 5mmol

mmol B 0.5

M, ien = T =6.7x1073
Ag* + trien o  Ag(trien)"
25mL 50mL
SH0 Ag T oSl hslee oS delindl [Ag(trien)] 0 ied) o oSl
[Ag(trien)] * Sdmall 38 55 (5 by ducadll 38 3 GlllAl cduzadl) () o) 4paS eleil die ()5S
[Ag(trien)] LFJSS\ aaxall e aldie Yl ¢ ¢Sl
mmol 0.25 3
M ag(triem)*+ = Vtotal 75 3.3x10
Ag(trien)* 3.3x1073
Kfz[g( _)]=5.0><107 = —
[Ag*][trien] x(6.7 X 1073)

x=[Ag?'] =9.8x107°M
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Chelates:- EDTA (the ultimate titrating agent for metals): An organic agent that has two or
more groups capable of complexing with a metal ion is called a chelating agent, the complex
formed is called a chelate. The chelating agent is called the ligand. Titration with a chelating
agent is called a chelometric titration.
The term chelate is derived from the Greek term meaning (claw like) chelating agents
literally wrap themselves around a metal ion.
Chelates
e O sl ga Dilaiaae (5 e i 08 ST e sane e (g sing (53 (g pumall Sl s
. ligand =zl = chelating agent (23l Jalal) o
. chelate <3Sl avsy complex formed (s sSiall dixdlle
ligand 2l i) Jalall chelating agent (eowe
. chelometric titration 42 _sie sbS 3 ylaa aud chelating agent (s Jale aladiuly 3 pladlle
(claw like) (laall Jie) (a3 Sl 450 gl dalSl (e (330 "Chelate™ pllcace
ddlal cila glaa
Oe 750 e IO (e Famae (sl Bl Y e a8l agal sl sl e g m s sa: ailaadl) o
g Y
08 se IR (e Ganal) ) oy ilaalll Jasi yy s e ala N (p S dolec a7 gLl o
ilandl) ol ) (e 0 5S8 Al Ciladaall (e 1) a0 S GsSs Gladaall e g gl 12a L
(a8 aal g & e SO e ) O
Ll )l a8l e diu Je EDTA B s siny  lde ale e 132 28l Jie o EDTA: %
3 Jlad i Jale alaag Las ¢ ane sy Jalii ) LSy
Lasi g Lesie i of (S dpman i 5 5 e EDTA (6 sy cligiguall 4al3) o
Aanal) Al LS 085 ) (a5 Aleal) 028 See (5 2LEDTA
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EDTA equilibrium:-The protons in EDTA Ethylene Diamine Tetra Acetic acid are
displaced upon complexing with a metal ion. Negatively charged chelate results 14 e KEN
£ yasa

HOOC —H.C CH,— COOH
N ﬁ Vi
N—CH,—CH,—N

] # : N
HOOC —H,C CH,— COOH

Tetraprotic acid (H,Y): six complexing groups (hexadentate) multidentate

I

-‘““"“-..
) CH=z

O .. N

~ o e
M | M = bivalent

" metal

0~ >N

Formation constant:-Lets EDTA=Y
_ o [H'H;Y ]
H,Y =H" +H,)Y~ K, =10x10"= Y]
[H*][Ha Y]
[H; Y]
[HY][HY"]
[HyY2~]
[HT][Y"]
[HY']
RS Kadad oY dulada S8 HAY oS pal) 1) cdpiaala SiS) S jal) graay Ka Aadd 314 35 LalS :Ad2ad

H.Y = H"+H, Y~ K,=22x10""=

H,Y?” = H* 4+ HY’~ K;=69x 10" =

HY" =H " +Y" K, ,=55x10"=
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Effect of pH on EDTA equilibria

[ .1}

Ly (A [ oy L
0.8 [ — -
:-rI,
HLY wvE | TEn-T A v
0.6 |- g LK : ot ¢ s ATTI
T}
0.4
0.2 _HL YT
) 2 4 o 8 10 12 14
pH

0 Jiar (X) 8Y) Dsaall O (PH) i s oxel a U NS EDTA Sl (35S i 53 (oAbl ana )
Ciliaiall Jidh 5 ¢ (o)Wl dad Jiar (y) W sl Wl 14 )0 Ge sl s cdstaall (PH) (s s el
a V) yedad s s uel) A8 U AN (HLY, HaY™, Ho Y27, HY?, Y47) ddiddl EDTA £ 550 25 5 o
o JSEN 2 gy pmaal) Jlladll (B s g onel) @l e S S5 ading EDTA g5 w5 of (Sl

Olaal) il il 3 plaa Sy Jlie L (TYH) @l e a ) il JSED 3 gy pae @l Qs 8 et o(H,Y) cnliall
Jgn s sk (MRS Aae Ly 5 MY AEDE i oD Al Wl ¢ gaclidan s 4 EDTA ae M™ 58S 4005
(e Jas g
Composition of EDTA solutions as a function of pH
ap = fraction of the total EDTA species that exists as H,Y
a;, = fraction of the total EDTA species that exists as H3Y ™~
o, = fraction of the total EDTA species that exists as H,Y?~
o3 = fraction of the total EDTA species that exists as HY3~
oy = fraction of the total EDTA species that exists as Y4~

er = [V o [HY 1Y ] e H YT ] 0 fHLY
EDTA.¢ )5l aas &I 38 i ¢ sana (s « EDTAg ) #Y S 58 3 :CT

H,Y H3Y~ H,Y?*"
= — o4 = —
HY3~ Yy
Xop= oy = —
3 Cr 4 Cr
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Example:- Calculate the fraction of EDTA that exists as Y™ at pH 10, and from this
calculate pCa®" in 100mL of solution of 0.1M Ca*? at pH 10 (o = 0.35) after adding 100mL
of 0.1M EDTA. K;=4.943x10" ???

mmol=M*V
Joanlaly (3,81 7 JAded 1Ll asaall pand O g 1Y g) Laad) S 8l ) ASLY

M= TR sl Jariand 1S

V total=100+100=200 mL

mmol Ca?t* =M x V= 0.1 x 100 = 10.0mmol
mmol EDTA=M XV =0.1 x 100 = 10.0mmol

Je 200 S aas 8 CaY?Z™ e Jsaide 10 058 ¢ swEDTA 5 Ca2t &Y g 230 Ol La CaY?Z: (rsSi

10mmol
200 ml

M CaY? = =0.05M

We have formed 10.0mmol CaY™ in 200mL, or 0.050M
[Y“]= a, [EDTA] =a, [Ca+2] =04 [Cy,v]= a4 Cr
Ca*? +Y* <= (Cay?
Or
Ca'? +EDTA* <=2 [Ca(EDTA)]?

[CaY 2] [CaY 2] 005
[Ca*2][Y=*] ~ [Ca*Zlas[Ch,y]  ()(035)(%)

Kf — =4.943x10%°

x=17 % 10"°M
pCa = —logl.7 x 1076 = 5.77
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SEYEN

Conditional formation constant (used for a fixed pH):
[CaY 2]
[Ca*2][Cy,v]
The conditional formation constant value holds for only a specified pH.
&) ¢ gSill <ol conditional formation constant (Kf') & 33l Jasall o oS30 s
a5 uell 81 li e )

Kf = conditional formation constant = Kfa, =

Example:-The formation constant for CaY? is 1.8x10" at pH10. Calculate pCa in 100mL
of a solution of 0.10M Ca*? at pH10 after addition of a OmL, 50mL, 100mL and 150mL of
0.1M EDTA?

(1) At OmL: (0.10M Ca*? alone) pCa = —log[Ca®*] = —log0.1 = 1.0
(2) At 50mL: before equivalence point
mmol Ca?t = M x V= 0.1 X 100 = 10.0mmol
mmol EDTA=M XV = 0.1 X 50 = 5.0mmol
mmol Ca?Tunreacted = 10.0 — 5.0 = 5.0mmol

Ca = —log[Ca?*] = I 5.0mmol 118
e = e = 81 00mL + 50mL
(3) At 100mL.: equivalence point
[CaY‘Z] 10mmol
Kf = = 1.8 X 1010 — 100mL +100mL
[Ca*?][Cy,y] (x) (%)

x=17 % 10"°M
pCa = —log[Ca®*] = —logl.7 x 107% = 5.77
(3) At 150mL.: after equivalence point
mmol EDTA=M XV = 0.1 x 150 = 15.0mmol
mmol EDTA unreacted = 15.0 — 10.0 = 5.0mmol

M Smmol 0.02M

EDTA ™ 100mL + 150mL ~
Cay-21 = 10mmol _ 0.04M
[CaY ™) = ToomL + 150mL ~

Kf = :
I = 1@ 00
[Ca™?] =1.1x10"1M

pCa = 9.95

= 1.8 x 1010
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Example: - Calculate the equilibrium concentration of Ni** in a solution with an analytical
NiY? concentration of 0.0150 M at pH (a) 3.0 and (b) 8.0 (0 is 2.5x10™" at pH 3 and
5.4x10° at pH 8). Kf-4.2 x 10"

NiES= Y o NiY*T
[NiY?"]

Bl b s st

Since the complex is the only source of both Ni?™ and the EDTA species,

=42 X 10

Kniy =

[Ni2*] = [Y*"] + [HY? ] + [HY?"1 + [HaY ) + [HeY] = 1
K . = [NiYZ_] = [NLYZ_]
NiY [Ni2+]0C4CT [Ni2+]2 < 4,

a) AtpH 3
0.0150
e = IR 0 2 4.0 3 1O = 105 xo10¢
2 4+12
[Ni=™ ]
[Ni2*] = V143 X 10719 = 12 X 1075M
(b) At pH 8
2] = VO
[Ni*"] = V0.01502.27 X 10'%) = 8.1 x 10-10M
| A B [ DO A S e G | == .
1 Titration of 50.00 mL 0.00500 M Ca®* with 0.0100 M EDTA at pH 10.00
2 K'eaw 1.75E+10 Initial ceg2+  0.0050
3 Vol Ca™ mL 50,00 cegra  0.0M00 )
4 Wol. EDTA, mL [Ca™]  [Ca¥"] €7 pCa L
< 0.00 0.0050 230
6 5.00 3 B4E-03 244 - . et
[7 10,00 1 50E-03 260 1T—
;] 1500 1.54E-03 281 r
(@ 20,00 7 14E-04 315 -
10 24.00 1.35E-04 367 G 1
11 2500 436E-07 0003333 636 |
[12 26,00 1 43E-09 0003289 0000132 B85 2 .
13 30,00 2B6E-10 0003125 0000625 954 Q 6 :
14 35,00 143E-10 0002941 DOOTI7E | 985 [
15 40,00 952E-11 0002778 00O01GGT  10.02 |
16 4500 7.14E-11 D.D02E32 DOD2I05  10.15 4 5
[177] 5000 671E-11 0.002500 0002500  10.24 L
‘13. 55 00 476E-11 0002381 0002857 10,32 —
19| 6000 408E-11 0.002273 0003182 10.39 a2
| 20 |Documentation
[ 21 |Cell B6=(5B53"5ES2-A5"SESIV (SIS +AR)
22 |Cell B11=SQRT(({{§ESSES2V(SBE3+A11)y$B52) a
23 [Cell B12=C12/(D12"§B%2) in " : =
[ 24 |Cel C11={$BS3"SES2/(5BFI+A11) 8 i < = 4 =
[ 25 |Cell D12={A12*SE53-§B53"SES2)/(§B53+412) Volume EDTA, mL

26 |Cell E5=-LOG10(BS) =

Spreadsheet for the titration of 50.00 mL of 0.00500 M Ca** with 0.01 M EDTA in
a solution buffered at pH 10



Analytical Chemistry Lecture 2 Dr. Ruba Fahmi Abbas




Analytical Chemistry Lecture 2 Dr. Ruba Fahmi Abbas

Metal-EDTA titration curves:-Only some metal chelates are stable enough to allow
titration in acid solution, others require alkaline solution. Titration curves for 100mL 0.1M
Ca*? versus 0.1M Na,EDTA at pH7 and pH10.

'EDTA pladiudy (alaall 3 e cilyiaia

DAY Gndl sy Lty ¢ aman) Jstaall 85 plaally Lol Sy Loy G35 ¢ oS5 s (ool e ians
Al xic Na2EDTA /U5 0.1 Jdie Cat+2 _il/dse 0.1 0 e 100 3ee  lyinie sl Y glas
10 57 S soned

12

10— pH 10

- pH 7

pCa
[9)]
!

ol L 1 4 otoprr
o 20 40 60 80 100 120 140

mL EDTA

Detection of the endpoint (indicators: they are chelating agents indicators used for
chelometric titrations are themselves chelating agents. They are usually dyes of the 0,0’-
dihydroxyazo type. Eriochrome Black T (EBT): is a typical indicator it contains three
ionisable protons, so we will represent it by HsIn. This indicator can be used for the titration
of Mg** with EDTA. A small amount of indicator is added to the sample solution, and its
forms a red complex with part of the Mg*?, the colour of the uncomplexed indicator is blue,
as soon as all the Mg* is titrated, the EDTA displaces the indicator from the magnesium,
causing a change in the colour from red to blue.

Mgln~ + H,Y?~ — MgY?" + HIn>~ + H*

(red)  (colorless) (colorless)  (blue)

Llidl dlamdl  Saaaii chelating agents  4slie GUS e a0 Gliadl Glasd A YA
0,0- s s 35! grslual a5 chelating agents .Aulis ail & o 5l chelometric titrations
.(dihydroxyazo

USAJ H3In — alicis Sl cu.\\_\ﬂé\.ﬂﬁc_ﬂ_a}a}).amj_a‘;s &}.\A.\@J}md.‘h}é (EBT)u;‘ﬂ)JﬁSJSJ-U‘
LS e IS 5 el Jglae ) Jalal) (e 3 i d0aS Giliai EDTA el Mg+2 UJ\M& alall 138 i
psainall 5o Jalall EDTA v «M@*™? JS geanadll 3 jaas ¢G50 s3a 5 Jilall 1 <M oo s sl
GooY ) e e sl s B iy Las
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This will occur over a pMg range, and the change will be sharper if the indicator is kept as
dilute as possible and will still give a good colour.

Figure below shows the minimum pH at which different metals can be titrated with EDTA.
The points on the curve represent the pH at which the conditional formation constant K¢for
each metal is 10° (log K; = 6), which was arbitrarily chosen as the minimum needed for a
sharp end point. Note that the smaller the Ky, the more alkaline the solution must be to obtain
a Kf of 10° (i.e., the larger a4 must be). Thus, Ca?* with Ksonly about 10™° requires a pH of
~2 8. The dashed lines in the figure divide the metals into separate groups according to their
formation constants. One group is titrated in a highly acidic (pH <~3) solution, a second
group at pH ~3 to 7, and a third group at pH >7. At the highest pH range, all the metals will
react, but not all can be titrated directly due to precipitation of hydroxides. For example,
titration of Fe®" or Th4+ is not possible without the use of back-titration or auxiliary
complexing agents to prevent hydrolysis. At the intermediate pH range, the third group will
not titrate, and the second group of metals can be titrated in the presence of the third group.
And finally, in the most acidic pH range, only the first group will titrate and can be
determined in the presence of the others. Note that a moderately acidic environment is
satisfactory for many divalent heavy-metal cations and that a strongly acidic medium can be
tolerated in the titration of such ions as iron (11l) and indium(llI).

AR5 (bl 5 e (KF) (o sl o0l (DH) b sasel) 0 (e B8DMal) JS1 18 cins
Letaad JiY) a5 pnel) a8 )l e 2l Cile gane EB6 ) bl sy s cEDTA

Ao Cal ) WS EDTA 5 gaeall G 0585l Sl il (s3a] Guliie 1(KF) (ohadd) Cnosil) s
Sl o 3 K
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tJSal) Julas

Jstaall Jin s puell 8 ) Jia 1 (pH) A8 ssaall
EDTA 5 Oaal) G OsSiall S all a p380) o Sl il 3 e 5l Jias 2(log KF) el A1 Jgaal) o
(O U5 plaad o 501 s g asd) A8 51 oY) aal) i chalddl)
dog KF 5 pH 0 383l a5 1 Aadall Al
i baal dpliall a5yl 8l il e 2l cile gane G ) (palaall anl ;dskaiial) bghadl)
Ao dpmes dillae 8 Lgdulaa (S alae (3> pH) 148 gaaall 1
e g dpmes Jllas 8 Ll lae Sy (3las I(pH 3-7) 2 48 gaaall 2
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Minimum pH needed for satisfactory titration of various cations with EDTA.
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; Jilewa
1. A divalent metal Ni*? reacts with a ligand L to form 1:1 complex.
Ni*t? + L = NiL*? Kf=m= 1.0 x 108
’ [Nit2][L]

Calculate the conc. of Ni*? in a solution prepared by mixing equal volume of 0.3M (Ni*?) and
0.3M (L), Kf=1.5x10°.
2. Adivalent metal Ca* reacts with a ligand L to form 1:1 complex.

[CaL*?]
[Ca*?][L]
Calculate the conc. of Ca™ in a solution prepared by mixing equal volume of 0.25M (Ca*?)
and 0.25M (L), Kf=3x10°,

3. Silver ion forms a stable 1:1 complex with triethylenetetramine (trien). Calculate the
silver ion conc. at equilibrium when 30 mL of 0.02 M silver nitrate is added to 60 mL
of 0.03M trien, Kf = 6.0x10° ?

Ca*? + L = CaL*?, Kf = =1.0x 108

_ [Ag(trien)"]
~ [Ag*][trien]
4. Silver ion forms a stable 1:1 complex with triethylenetetramine (trien). Calculate the

silver ion conc. at equilibrium when 40 mL of 0.02 M silver nitrate is added to 70 mL
of 0.03M trien, Kf = 6.0x10° ?

=6.0 x 108

Ag* + trien & Ag(trien)t, Kf

[Ag(trien)™]
~ [Ag*][trien]
5. Calculate the fraction of EDTA that exists as Y™ at pH 10, and from this calculate

pMg®* in 100mL of solution of 0.1M Mg*? at pH 10 (o = 0.35) after adding 100mL of

0.1M EDTA. Kf=3.5 x 107 ?7??

6. The formation constant for MgY? is 4.9 x 108 at pH10. Calculate pMg in 100mL of a
solution of 0.20M Mg*? at pH10 after addition of a OmL, 25mL, 100mL and 125mL of
0.2M EDTA?

7. Calculate the equilibrium concentration of Ca?* in a solution with an analytical CaY*
concentration of 0.02 M at pH (a) 2.0 and (b) 9.0 (o is 3x10™° at pH 2 and 6x10™ at
pH 9). Kf-1 x 10°

=6.0 x 108

Ag* + trien & Ag(trien)*, Kf

CJM At
1. What are masking agents, and why are they used in complexometric titrations?
2. Explain complexometric titration?
3. Explain the role of the heme molecule in blood as an example of complex
formation
4, How can increase the selectivity of complexometric titrations?
5. Why is nitrogen, Oxygen, and Silver( N, O, S) considered a "good
complexer" in the context of metal ions?
6. Define: Chelates, Complexometric Reactions, ligand, Conditional formation

constant, EDTA, EBT?
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7. The term chelate is derived from the Greek term meaning..............

8. EDTA is Ethylene..........

9. The protons in EDTA Ethylene Diamine Tetra Acetic acid are displaced upon

complexing with a metal ion................. charged chelate results

10. Draw EDTA ? Draw EDTA-M ion?

11. Tetraprotic acid (H4Y) have ...... complexing groups (hexadentate) multidentate
12.  Tetraprotic acid (H,Y) have six complexing groups............. multidentate

13.  Titration curves for 100mL 0.1M Ca*? versus 0.1M Na,EDTA at pH....... and

14.  Why can Fe3* or Th** not be titrated directly with EDTA?

MCQs:

Complexometric titrations are primarily used for determining:
a) Anions

b) Metals

¢) Organic compounds

d) Gases

Ligands in complexometric reactions are:
a) Oxidizing agents
b) Reducing agents
¢) Complexing agents
d) Precipitating agents

pH control in complexometric titrations is important for:
a) Increasing the concentration of the titrant

b) Achieving selectivity

c) Preventing precipitation

d) Enhancing the endpoint detection

The heme molecule in blood demonstrates:
a) Oxidation-reduction reactions

b) Acid-base reactions

¢) Complex formation

d) Precipitation reactions

EDTA is a:
a) Monoprotic acid
b) Diprotic acid
¢) Tetraprotic acid
d) Inorganic base

How many complexing groups does EDTA have?
a) Two
b) Four
c) Six
d) Eight
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What is the formation constant (Kf) also known as?
a) Rate constant
b) Equilibrium constant
¢) Stability constant
d) Both b and ¢

In a complex formation reaction, the metal ion acts as a:
a) Lewis base
b) Lewis acid
¢) Bronsted-Lowry acid
d) Bronsted-Lowry base

What does the alpha value (a) represent in metal complex formation?
a) The rate of the reaction
b) The pH of the solution
c) The fraction of the total metal concentration in a specific form
d) The color of the complex

What is the purpose of masking agents in complexometric titrations?
a) To enhance the color change
b) To adjust the pH
c) To react with interfering metal ions
d) To increase the reaction rate

Which of the following indicators is used in EDTA titrations and changes
color from red to blue?
a) Phenolphthalein
b) Methyl orange
c) Eriochrome Black T (EBT)
d) Bromothymol blue

The conditional formation constant (Kf') is dependent on:
a) Temperature only
b) pH only
c) Both temperature and pH
d) Concentration of the metal ion

Why is pH control important in EDTA titrations?
a) To increase the solubility of EDTA
b) To achieve selectivity
¢) To enhance the color of the indicator
d) To increase the reaction rate

EDTA is a:
a) monodentate ligand
b) bidentate ligand
c) hexadentate ligand
d) polydentate ligand
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If the formation constant (Kf) for a metal-EDTA complex is very high, it
indicates:
a) An unstable complex
b) A slow reaction rate

d) No reaction occurs

What is the term for a titration using a chelating agent?
a) Redox titration
b) Precipitation titration

d) Acid-base titration

What is the term "chelate" derived from?
a) Latin for "ring"

c) French for "complex™
d) Italian for "bond"

If you need to selectively titrate Ca2* in a solution containing both Ca2* and
Mg?* using EDTA, you would typically:
a) Increase the temperature
b) Adjust the pH to a highly acidic level

d) Add a reducing agent

Nitrogen is considered a "good complexer" because it:
a) Is highly reactive with acids

c) Is a strong oxidizing agent
d) Is a good reducing agent




