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Precipitation Reactions and Titrations
A number of anions form slightly precipitates with certain ions and can be titrated with the
metal ion solutions.
Cl + Ag'— AgCl|
SO4* + Ba**— BaS0y4|
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Effect of acidity on solubility of precipitates: (conditional solubility product).
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The solubility of a precipitate whose anion is derived from a weak acid will increase in
the presence of added acid because the acid will lead to combine with the anion and thus
remove the anion from solution in general, the precipitate MA that partially dissolves to give
M" and A" ions will exhibit the following.

MA = M"* + A~
+
H* ¢Cua
1l
HA
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The anion A" can combine with protons to increase the solubility of the precipitates. The
combined equilibrium concentrations of A~ and HA make up the total analytical
concentration (Cya), which will be equal to [M'] from the dissolved precipitate (M" or A
excess).

KalKaz
{H+}2 + {H+}Kal+ KalKaz

Oy = Effect of acidity on solubility of precipitates

CaC,0s= Ca*" + C,04% K, = [Ca?*][C2047] = 2.6 x 107
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_ [H*][C;057]

== =61 x 107
[HC2 03]

C2042_ + H'=2 HC,O4 Ksp

N __[H*][HC,037] _ i
HC,0,+ H'= H,C,04 Ksp = HzC—zg: =6.5% 1072
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The solubility (S) of CaC,0, is equal to [Ca*] = Ccac204, Where Ccaca04 represents the
concentrations of all the oxalate species in equilibrium = [H,C,04] + [HC2047] + [C2047].

Ccac204= [H2C204] + [HC2047] + [C20477]

We can substitute (Ccac204)02 for [C204°7] in the Ksp (Ksp = [Ca**][C204*]) expression:

Ksp = [Ca®'] Ccac20402
Where a; is the fraction of the oxalate species present as C,04>"

(a2 = [C204*7)/ Cac204).
Ka1Kaz

[H+]2 + Kal [H+] + KalKaZ

(1’2=

We can write, then, that
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**1Ccacz04 = S*

where K, is the conditional solubility product
Note: The conditional solubility product value holds for only a specified pH.
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Example 1 : Calculate the solubility of CaC,0; in a solution containing 0.001M HCI?
Ka; = 6.5 % 1072, Ka, = 6.1 X 107>, K, = 2.6 x 10?

Solution:

CaC,04= Ca?" + C,04*
C2042_ +H= HC204_
HC,04+ H'= H,C,04

HCl — H'" +CI
0.001 0.001 0.001
Kal Kaz

~{H*}? + {H"}Ka, + Ka,Ka,

a2

(6.5 x 1072)(6.1 x 1075)

%2 = 1% 1073)2 + (65 x 10-2)(1 x 10-3) + (6.5 x 10-2)(6.1 X 10-5)
~57 %102

K -9 _ _
S = \/ /0= \/2.6 x 107/ - x 1072 = 2.1x 1074

This compares with a calculated solubility in water of 5.1 x107> M (a 400% increase in solubility).

Homework |: Calculate the solubility of CaC,0s in a solution containing 0.002M HCI?
Ka; = 6.5%x 1072, Ka, = 6.1 x107°>

Homework |: Calculate the solubility of CaC,04 in a solution containing 0.0025M HCI?
Ka; = 6.5x 1072, Ka, = 6.1 x 107°
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Method of deriving values of o,y , 0.1 and o,
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{HAjr = {HA} + {A7},
(HA} A}
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From equation no 1 {HA} = P

{AT}HY) Ka_
_  Ka ay _ (Y
{A—}{Ht _ Ka_ +
#4. (A~} ] {H*}+Ka
_  {HY}
%= HHiKa

oo

{A™} . Ka
(HA} + {A—}  {H*}+Ka
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In the same way Ol1 =

{HA"H{H"}
{HzA}

{AT}{H*}
{HA™}

[HzAlr= [H2A] + [HAT] +{A*} Jo0 =

HA= A" +H" , Ka,_

{H2A} + {HAT}+{AT}

_ {HA"} o= (A7}
(H A} + (HA™}+{A=} 7 (H,A} + (HA-}+{A=}
(HA™}{H*}
Kaq

(041

From equation no 1 {H,A} =

(HA™}{H1)
Kal

o , from equation no 2{HA™} =

{ATHH™}
Ka,

_{HA—}{H+}

Kay +{HA"}+{A7}

UL

Kaq

{A=}{H+}Z KaqKaj
Kaj Kaj {A7}
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{H*)?
{H*}2+ {H*}Ka;+ Ka;Ka, ’

oo =
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{H*}Ka,
{H+}2 + {H"'}Kal + Ka1 Ka2

KalKaz
H*}2+ {H*}Ka; + Ka; Ka,

In the same waya,;=

and «,= ;

Effect of Complexation on Solubility: (Conditional Solubility Product)
(bysdall (sl Juala) soligdl) o culalnal) oy o<yl

Effect of Complexation on Solubility: (Conditional Solubility Product)

Complexing agents can compete for the metal ion in a precipitate, just as acids compete
for the anion. A precipitate MA that dissociates to give M" and A~ and where the metal
complexes with the ligand L to form ML" would have the following equilibria:

MA=M* | +A-
+
L | M
!

3aaxal) Jal g2l o) Lﬁ\ , sl ) @ el u):\\ o alims U\ CSa " (Complexing agents) Badzall Jal g2l
O35 M 50 Ol (e 0588 ) JUie sl 1 430 3 ala 35 UL 5 sl 11 (8 o sall (55391 e Je Lt
w\)\@gth\q}&muﬂv[ﬂ__\;}d\ QﬁY\&AM\ Jale 138 Je il (o g 282 Jale d8lial 2ied A il

The sum of [M'] and [ML"] is the analytical concentration MT in equilibrium, which is
equal to [A]. Calculations for such a situation are handled in a manner completely
analogous to those for the effects of acids on solubility.

[MJ+[ML']= MT=[A]
MTo) il Al & dasl) S 508 3l =

NH; 282l Jale 392 93 AgBr ol ) Al gd il ;i

Q- What is the Effect of AgBr precipitate solubility in the presence of the complexing
agent NH3?

Consider the solubility of AgBr in the presence of NH3. The equilibria are:
AgBr= Ag" +Br

Ag’ + NHs= Ag(NHa3)+

Ag(NHs)*+ + NH; 2Ag(NHz)2*
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The solubility s of AgBr is equal to [Br ] = Agr, where Agr represents the concentrations
of all the silver species in equilibrium (= [Ag"] + [Ag(NH3)] +[Ag(NH;3),"]).

AgBr=[Br]=Agr

Agr=[Ag'] + [Ag(NH3)'] +[Ag(NH;),"] . ‘ '
O Al B Aail) g1 gl gaan 3858 Jlay AgT

As before, we can substitute Agrf3- for [Ag'] in the Ky, expression, where ay is the fraction
of silver species present as Ag':

K = [Ag"][Br]=Cag B- [Br]=4 x 1013
Then,

Where, K, 1s again the conditional solubility product, whose value depends on the
concentration of ammonia?

ol Y1 el platind o i L gV el e 3 5m 5 lo a5t 5 e Bl TN Juala K
JAsed Jale 2 g ie c__\u\j\z\:xj\__a}.da__aw

Example 2/ Calculate the molar solubility of silver bromide AgBr in a 0.10 M ammonia
solution NH3? K¢y = 2.5 X 103, K¢, = 1 x 10*, Ksp=4 x10"3

Solution
1

~ Kp K [NH3]? + Ky [NHz] + 1
_ 1
T (2.5 x103)(1 x 109)(0. 1)2 + (2.5 x 103)(0.1) + 1

Bl4.0 x10°°

_ ke _ [4x10-13 _ 4
_\/Bo_\/ /4 x 10-6 =32 X 10%M

This compares with a solubility in water of 6 X 1077 M (530 times more soluble).

B-

B-

IO. 00000399
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Homework/ Calculate the molar solubility of silver bromide AgBr in a 0.2 M ammonia
solution NH3? K¢y = 2.5 X 103, K¢, = 1 x 10*, Ksp=4 x103

A Jale 3529 il aga clathiaal) g ) g8 J gaa

am is the fraction of silver species present as Ag"

il (gl e i sl (5530 gl 50
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1
"~ K1 Kpp [NH3] + Kgy [NH3] + 1
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Kfl, Kf2
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[NH3]
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Ksp
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Ag" +NHz<> Ag (NH3)" K¢, =

Method of deriving values of 8, , 5, and B,

[Ag (NH3)*]
[Ag*][NH;]
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¥ ¥ _ [Ag(NH3);"]
Ag (NH3)" +NHz¢> Ag (NHs): Kfz = TAg (NHg)*][NHy] ceeeeen(2)

[Ag*]r = [Ag*] + [Ag (NH3)*] + [ Ag (NH3); "]

_ [Ag™] By = [Ag (NH3)*]
[Ag*]+ [Ag (NH3)*]+ [Ag (NH3), "] 1™ [ag+]+ [Ag (NH3)*]+ [ Ag (NH3), "]

_ [Ag (NH3), "]
[Ag*]+ [Ag (NH3)*]+ [ Ag (NH3)2 "]’

[Ag (NH3),"] = K¢, [Ag (NH3)*][NH;]

From equation 2

_ [Agt]
[Agt]+ [Ag (NH3)*]+K¢,[Ag (NH3)*][NH3]

[Ag (NH;3)*] = K¢, [Ag™][NH;]
{Ag*}
[Ag*] + K¢, [Ag*][NH3] + K¢, K¢, [Ag*][NH;3][NH;]
{Ag*}

, From equation 1

Bo =

Bo

" [Ag*] (1 + Kq,[NHz] + K¢, Ky, [NHg]2) ’

1
Bo 1+ K¢, [NH3]+K¢, K¢, [NH3]2

In the same way:

K¢, {NH3}

1 = > and
1+ Ky, [NH3]+K¢, Kr, [NH3]

_ Kflez{NH3}2
1+ K¢, [NH3] + Kflez[NH3]2

B
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Precipitation Titrations (4rgentometric Titration)
e Al g
Example 3/ Calculate pCl for the titration of 100.0mL of 0.1000 M C1~ with 0.1000 M
AgNO;s for the addition of 0.00, 20.00, 99.00, 99.50, 100.00, 100.50, and 110.00mL AgNOs.

Ksp=1x101°

Titrant

Solution
1- At 0.00 mL: pCIl=-log 0.1000 = 1.000

2-At20.00 mL:
mmol=V*M
mmol CI" = 100.0 mL x 0.1000 mmol/mL = 10.00 mmol
mmol Ag"=20.00 mL x 0.1000 mmol/mL = 2.000 mmol
Al AL (Ll a gaal) gaad ¢ g 1Y g) Al <) i Ja 20 ALl day ayaal) 58 ) Aduy
M= T2 osih antioss (I salall
V total=100+20=120 mL

CI" left = 10.00 — 2.00 = 8.00 mmol

M=mmol - > :8.00 mmol: 0.0667 M

|4 120.0 mL
pCl = —log 0.0667 = 1.18

3- At 99.00 mL:
mmol Ag" = 99.00 mL x 0.1000 mmol/mL = 9.900 mmol
V total=100+99=199 mL

CI" left = 10.00 — 9.90 = 0.10 mmol
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M=mmol - > M:0.1 mmol: 50 x 10_4 M
74 199 mL

pCl = —log (5.0 x 10%) =3.26

4- At 99.50 mL:
mmol Ag" = 99.50 mL x 0.1000 mmol/mL = 9.950 mmol

V total=100+99.5=199.5 mL

CI left = 10.00 — 9.95 = 0.05 mmol
_mmol —__» _0.05mmol_ 4
M - ToocmL 25x107°M

pCl = —log (2.5 x 1074 = 3.60

5-At 100.00 mL,
all the C1 is reacted with Ag":

Dr. Ruba Fahmi Abbas

[Cl7] = \/Ksp = 1x10"1 =1x1075

pCl = —log (1.0 x 1075 = 5.00

6- At 100.50 mL:
mmol Ag” = 100.50 mL x 0.1000 mmol/mL = 10.05 mmol

V total=100+100.5=200.5 mL

Ag® left =10.05 — 10.00 = 0.05 mmol

M Ag_',_mmol > M_O.OS mmol 25 % 104M
4 200.5 mL

[CI']=K/[AgT=1.0x10"92.5%x10%=40x 107 M

pCl=—log (4.0 x 1077) = 6.40

7- At 110.00 mL:

mmol Ag"=110.00 mL x 0.1000 mmol/mL = 11.00 mmol
V total=100+110=210 mL

Ag" left=11.00 — 10.00 = 1.00 mmol

M Agr="mol — g 1mmol_ o0 103 M
g |74 210 mL )

[C1]=Ky/[Ag']
[CI']=1.0x10-10/4.76 x 103 =2.1 x 108 M
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pCl = —log (2.1 x 10®) = 7.67

Fig. 1. Titration curves
for 100mL 0.1
Mchloride, bromide,
and 1iodide solutions
versus 0.1 MAgNO:s.

B0 80 100 120 140
mL AgNO,

_Calculate pCl for the titration of 150.0mL of 0.12 M CI™ with 0.12 M AgNO;
for the addition of 0.00, 25.00, 100.00, 150. 0, and 175.0 mL AgNOs.
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The detection of the endpoint (indicators):
We can detect the endpoint by measuring either pCl or pAg with two types of
Indicators:
(1) Indicators Reacting with the Titrant:
There are several examples of an indicator forming a colored compound with a titrant, two
common methods were:
(SYAl) Jeldal) dlgs Al ce Cadst)
syl Jlanialy CasSY
(Aalaadly 393 gall Jslaall) Titrant siaal) Jslaal) pe Joliss Ji¥a -]
A8 A8y sk ga ARyl (A Laladind (i sk S
(a) Mohr Method: used for determining chloride ion, after chloride ion consumed by
reacting with equal mmol of AgNO;, the excess (after drops) of AgNO; than reacting with
the indicator (K,CrOs) to form red precipitate AgrCrOs.
CIr + Ag" =2 AgCl K =1.0 x 1071
Analyte titrant White ppt.

CrOs + 2Ag'=2Ag:Cr04] Kop= 1.1 x 1012
Indicator titrant red ppt.

, oal ol el o il ole A (Br_ T _Cl) (225 pses osiS)lallell il ) e 45y yla a0diuss ;) ga 48y jha

D348k (5 25 Agy)CrOy Auadll las S s yeal sl ) aedd QS Ko CrOy o sl sall e s S Jardiany

& U3 An e 3 igall Jal gall (s gl ) pall 3ald ) (pHRS ) ciimaa (sacld ) Jolate J o B

pH Jisbaall dpasls 5 [CrO4>7] 58 s

The concentration of the indicator is important. The Ag,CrO,4 should just start precipitating

at the equivalence point, where we have a saturated solution of AgCl. From K, the

concentration of Ag" at the equivalence point is 10~ M. (It is less than this before the
equivalence point.). So, Ag,CrO4 should precipitate just when [Ag'] = 107°M.

CI + Ag" = AgCl K = 1.0 x 10"'=[CI'][Ag"]
White ppt. [ClI']=[Ag’]=1.0 x 107
€50 b plaa 483 L8 Laga 1799 Galy (Ag2CrO4 - saY) ddadl) cilag S) 38 i 1iLal

Lf\ ¢ LSl A dass aie (AgrCrOy) )_A;\ ol ) G sSi Byl rall Al ddasy ) )#L”SM\ 94 Aaidl) la g S u\i
h@\uﬂ\@m)ﬂ\dsgjsuhum

O5Sy Aladill oda die (KA ddass vie Laid(A ) CrO,) dazadll e s S Capes 53 Tam O Cany § Al 508 530 98 La
107° MosSs (Agh) il s 58555 ((AgCl) pan) il )5 (ha gaia Jslaa Ll

The solubility product of Ag,CrO4 is 1.1 x 1072, By inserting the Ag" concentration in the
K, equation for Ag,CrO,, we calculate that, for this to occur,[CrO4* Jshould be 0.011M:

CrOs# + 2Ag'=2Ag,Cr0s) Kop= 1.1 x 102 = [Ag*]*[ CrO4*]
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Red ppt. (107°)’[CrO4* ] =1.1 x 1072
[CrO4*]=1.1 x 102 M=0.011M
If the concentration is greater than this, Ag,CrO4 will begin to precipitate when
[Ag™] is less than 10~ M(before the equivalence point). If it is less than 0.011 M, then the
[Ag*] will have to exceed 10 M(beyond the equivalence point) before precipitation of
Ag,CrO,4 begins.

21075 M (Ag") =559 M 0.011 $2([CrO47T]) ey SN gl 558 5 068 ¢ o
. B2y (Ala qua e Juaad

i s « M 0,011 Ge et [CrO,27] 5858 O 3] s Ao 585 Soulia @ GaS Al GlS 1) Gaay ke
A58y ye il any Les ¢ 8IS a3 J8 Ag,CrOy

il e Sl A Ail) Y e zlisas ¢ M0.011 oo 8 [CrO,27] 3858 OS 13) s yablia 38 5
ARy ye il ) Wadl 05 Les <Ag)yCrOyg G i e 381K ddati A o

In actual practice, the indicator concentration is kept at 0.002 to 0.005 M. If it is much higher
than this, the intense yellow color of the chromate ion obscures the red Ag,CrO, precipitate
color, and an excess of Ag’ is required to produce enough precipitate to be seen. An
indicator blank should always be determined and subtracted from the titration to correct for
indicator error. Standardization of the titrant using the same titration also takes into account
the indicator error.
G-<13).0.002 M t0 0.005 M 02 CrO4* Sles KU 38 5 (5% 0 oy it dleal) o jlail)
anay Las ¢ a6l elaaly il g )SI el o0 CoiSall Jaial) o sl g S0 elld (e e f 3 5l
= (Error titration= Blank= indicator error) sha oLl coay laally N Zoleill ddasi Ay ) (0
ol J sl (ya s Sl o 4Slgiaile A8 yaal U 12 ) jall 5alal) lae e 23 gaill il (S Ay peanasi Alae
Auzadl) &)

The Mohr titration must be performed at a pH of about 8. If the solution is too acidic (pH
<6), then part of the indicator is present as HCrO4~, and more Ag" will be required to form
the Ag,CrO4 precipitate. Above pH 8, silver hydroxide may be precipitated (at pH >10). The
pH 1is properly maintained by adding solid calcium carbonate to the solution. (While the
carbonate ion is a fairly strong Brénsted base, the concentration in a saturated calcium
carbonate solution is just sufficient to give a pH about 8.) The Mohr titration is useful for
determining chloride in neutral or unbuffered solutions, such as drinking water.

by A8 0o i (pH) 058 O e se Al sk o 5 Jisal) dagall dal 52l (e (pH) 4 seall 4 0
s HOrO4" o Ausia (531 53ke ) CrO4> <l S Jalall (e ¢ 5 S5l s (PH <6) ooinela
OsShs AGOH dadll S 5 pam A e dadll (555 (at pH >10) g2el@ll s sl) (8 pea) ol ¢ 5S0Y
el Ales Adads jads (S 5 pea) a1 Ay (S @l g Jelatll dlgs Adasy ) J g gl I8 2 gl J slaa
Jsladl 1) CaCO3 Adall a sl i o S il s pH (A BUall
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¢ CaCO3e3..y.dlSS| il g S 13l

) a1 S slae 8 0 38 55 ol ) i 8 5505 0 3306y (CO-2) S0 (5 Y
o .9a b ylaal Alliall dx Al =y 8 L;\PPH c«\.lasy.kssga\suj&“

Mohr L s 4,k e pH il

8 Jaaia pH e
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Jsbame ) g
NaClH+ K2Cr0O4

b) Volhard titration.

This is an indirect titration procedure for determining anions that precipitate with silver (X
=CI", Br, SCN"), and it is performed in acidic (HNO3) solution. In this procedure, we add a
measured excess of AgNQO; to precipitate the anion and then determine the excess Ag" by
back-titration with standard potassium thiocyanate solution:
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X + Ag" = AgX + excess Ag"

excess Ag' + SCN = AgSCN

We detect the end point by adding iron(Ill) as a ferric alum (ferric ammonium sulfate),
which forms a soluble red complex with the first excess of titrant:
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Fe’ + SCN™ 2 Fe (SCN)*"

oluble than AgSCN or is equally soluble, we do
not have to remove the precipitate before titrating. Such is the case with I, Br~, and SCN™
2- In the case of I, we do not add the indicator until all the I" is precipitated, since it would
be oxidized by the iron(III).
3- If the precipitate is more soluble than AgSCN, it will react with the titrant to give a high
and diffuse end point. Such is the case with AgCl:

AgCl+ SCN™— AgSCN + CI”
4-Therefore, we remove the precipitate by filtration before titrating. Obviously, these
indicators must not form a precipitate with the titrant that is more stable than the titration
precipitate, or the color reaction would occur when the first drop of titrant is added
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First, Clis precipitated by excess AgNO,
1 Ag'(aq)+ Cl'(ag) —> AgCl(s)

Removing AgCl(s) by filtration / washing

Excess Ag* is titrated with KSCN in the presence of Fe3*
2 Ag'(aq)+SCN (aq) - AgSCN (s)

When Ag* has been consumed, a red complex forms as a result of:
3 Fe(ag) +SCN (ag) — FeSCN* (aq)

Red complex

@ ®

Excess Ag* Excess SCN-

Filtration

AgCI(s) AGSCN(s) FeSCNz
endpoint

(2) Adsorption Indicators (Fijian's Method):

With adsorption indicators, the indicator reaction takes place on the surface of the
precipitate. The indicator, which is a dye, exists in solution in the ionized form, usually an
anion, In". To explain the mechanism of the indicator action, we must invoke the mechanism
occurring during precipitation.

Consider the titration of Cl” with Ag". Before the equivalence point, Cl™ is in excess, and
the primary adsorbed layer is C1". This repels the indicator anion, and the more loosely held
secondary (counter) layer of adsorbed ions is cations, such as Na':

AgCIL:Cl::Na"
Beyond (after)the equivalence point, Ag" is in excess, and the surface of the precipitate
becomes positively charged, with the primary layer being Ag+. This will now attract the
indicator anion and adsorb it in the counter layer:

AgCl:Ag::In
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The color of the adsorbed indicator is different from that of the unadsorbed indicator, and
this difference signals the completion of the titration. The more insoluble precipitates can be
titrated in more strongly adsorbed indicator. We want maximum surface area for adsorption
in contrast to gravimetry.
Coagulation decreases the surface area for absorption of the indicator, which in turn
decreases the sharpness of the end point. We can prevent coagulation of silver chloride by
adding some dextrin to the solution.
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Primary adsorbed layer
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Homework |: Calculate the solubility and conditional solubility product of CaC,0O4 in a
solution containing 0.002M HCI?

Ka, = 6.5%x 1072, Ka, = 6.1 X 1075, KSP=2.6x 10°

Homework |: Calculate the solubility and and conditional solubility product of MgC,04 in
a solution containing 0.0025M HC1?
Ka; = 6.5x 1072, Ka, = 6.1 x 1075, KSP=8.5x 107

Homework/ Calculate the molar solubility of silver bromide AgBr in a 0.3 M ammonia
solution NH3? K¢y = 2.5 x 103, K¢, = 1 x 10%, Ksp=4 x10?

Homework/ Calculate the molar solubility of silver bromide Agl in a 0.25 M ammonia
solution NH3? K¢y = 2.5 x 103, K¢, = 1 x 10*, Ksp=8.5 x10"7

Homework/ Calculate pI” for the titration of 150.0 mL of 0.12 M I" with 0.12 M AgNO;
for the addition of 0.00, 50.00, 100.00, 150. 0, and 175.0 mL AgNOs;. Ksp=8.5 x107"7

Homework/ Calculate pBr~ for the titration of 125 mL of 0.2 M Br~ with 0.2 M AgNO; for
the addition of 0.00, 50.00, 1250.00, and 150. 0 mL AgNO;. Ksp=4 x1073
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1. Explain the effect of acidity on the solubility of calcium oxalate (CaC,0,) precipitates,
including relevant equations.

2. What are the expressions for a; and ag in the derivation of a monoprotic acid?
3. What are the expressions for a4, 0, and o, in the derivation of a diprotic acid?

4. Explain the effect of the presence of ammonia (NH3) on the solubility of silver bromide
(AgBr), including relevant equations.

5. What is [Ag*]1?
6. what are deriving values of S, , 5; and 5,7

7. Two common methods of an indicator forming a colored compound with a titrant are

8. Define the Mohr method, including relevant equations.

9. What are the ideal concentrations of [CrO,4>"] and Ag” in the Mohr method? Ksp
AgCl=1x 10 and Ksp Ag,CrO,=1.1 x 10712

10. What is the effect of pH on the Mohr method?

11. Why is calcium carbonate added in the Mohr method?
12. Define the Volhard method, including relevant equations.
13. The adsorption indicator method is called

14. Explain the effect of coagulation on the Fijian's method.
15. Explain the Fijian's method before the equivalence point.

16. Explain the Fijian's method beyond (after) the equivalence point




