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Thus, most of the ind
sohtion gets the eolour el

maximum pH up 1© which th
At pH smaller than this vilue

form. Thus at pH = PATm =
2 41

(b) At phl = PAY,
ionization of the indicator is

this pH. the percentige

") g0 = ———

[In” ] +[HIn]

Thus, most of the indica

gets the colour characteristi
which the solution has a distinct
: | colour characterist
ler ; e iy actlerisue of In
greater than this value, still more of the indicator is present ir:1h..rlif e
I, the solution has a colour characieristic 'A:i [:r:-.;;;.-_

pH up 10
Thus at pH Z pK, +

In E'Jcmeen the PH range pKY, = 1 to pK®y, + 1, transiti
e Mo T 1 L

other form is stﬁci'ensdqf “mﬁgll}dlcamr and the pH value al .'.*h!tq

action of Nearme i ik ly predominant to impart its colour to the ;:1;1',;.:7 e
changes sfgcply :g;ggmﬁﬁf.a_m&.basc ;l:it:ration, W valie of (e sl
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pH of thesoluuan ats:f:t;:g :i:ﬁﬁrb # colour change near the vicinity %5
he equivalence point. Thus, the selection ol mdi;a;vr e

satisfy the following two points;
) Tl s s it
- tion itrati
ion of the titration curve at the equivalence poink

encompass an interval of

~ of an indicator,
== e {ﬁ)m%ﬂw

H va
pH values at least as large as the pH transito? raa?

tion ran ot _
ge of the indicator must coincide with the 9%



lﬁu Tﬂb‘e 4 Ioriin
n -24.1 fi¢ Equili
| Say Acid-Base Indicaggp, “rig 3s
i;:;e Indicator ?_E}ML
¢ cid
Meg i Base form M
! " = £ .fﬂml
F‘nr 1 g Picric acid prrd”fﬂfha]e Base form
=9 Malachite green gulourlcss Yello ar pH Predomingy,
: r - Methyl violet Yc::(’w Gl‘ce: 0.0 il 4
m-Cresol purple R:dﬂw Violet 0.0 1.2
Thymol blue Red Yellow 0.1 20
_ Bromophenol blue Y] Yellow 12 a2
he Congo red Blu i Blue 12 2.3
he Metl _lyl orange Re de Red 3.0 iz
ln, Bromocresol green  Yell Yellow 29 i
X Methy red Redow Blue 3.1 “:
oy b Lﬂml.ls ! Red Yellow is 54
or e Pmpy | red Red Blue 4-2 63
'Chlorophenol red Yellow Yellow 4‘2 83
ol Yellow 5 48 o
p-Nitrophenol Colontess Red 5: 0 6.4
Bromocresol purple  Yellow sy 5.0 S
- Bromothymol : Purple -_ 7.0
ymol blue  Yellow 52
n Phenol red Yellow Blue 60 3.3
0 m-Cresol purple Yellow ?:d 6.8 EE
i l 'rhym()l blue Yellow B rp]e T4 gg
Phenolphthalein Colourless Ri? 80 96
l .Th?m{.)lphthalgin- Colourless Blue 8.3 10.0
i Alizarin yellow R Yellow 9.3 105
i Ahmﬂ blue S Green ;ilivender 10.0 121
Malachite green Green Cl:e 1 L 13.0
Trinitrobenzene Colourl {RRILICRS 11.4 13.0
g Orange 12.0 14.0

dlffmi‘:::o;‘;f Cl; ;;;g:i;ummary of the choice of indicators employed in
gng acid and strong !{ase The pr al the equivalence po}nt is 7 and slightly
before and after the equivalence point, it encOMPAsses 4l interval from pH =
< 133 pH =11 (Fig. 4.24.1). Therefore, any indicator whose pH range is within
ﬂilS interval can be used. Any of the indicators from bromophenol blue to
hymolphthalein listed in Table 4.24.1 can be used. However, the range of the

Me of pH at the equivalence point depends upon the concentrations
and base being titra corresponding pH

ted. For dilute solutions, the
less as compared to that of concentrated solutions. Hence, the most

or is that which changes its colour (base form) near pH=T. Methy!

| ] red and phennlph,lhalein. the common laboratory indicators, car
el - this purpose- The usual choice, however, is phenolphthalein becaust

88 if%ﬁ;gilingg pmf; this case is from colourless to a slight pink colour—i
‘chan can be easily detected.
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PH = 10,5
I P" ] ﬁ_"
I"I:1 =60

" ) o=l Wial B 1l Eid | .
.:'.-!d'L d habo! Fﬁl the mdll_ cator thymo| blue, the v\
s in ¥ ] alug Qf PH 1 2 When hﬂ"‘ “r "‘lﬂ ndi
! e 5 preseny

1 form. Caleyl
v A : i ate the
in a solution of 4.0 x 107 M hydmgs:r?::t:g‘ of the indicator 0 the unionized
- Oncentration. ook form

'-IR

T v = (Hin] = {In7] o
i e 2 Usi e T

R g i

Rt PK}, = pH = 2.0

I 1
S
A .- pH of the solution containing 4.0 x 10~ M of 11+ is
PH =-log (4.0 x 10%) = 24

log [-UilJ =pH - pK{, =24 -20=04

i [Hn]
or L .

\dding 1 on both sides, we get

Do+ _, . W 1o
~ [HIn] ' [In"]+[HIn] 35

 Thus, the percentage of indicator in the unionized form = 28.6
ge of its colour is 3.1 0 4.5. 1f the nent_ml
ntrations corresponding

o th@mt;;a:;ﬁesm:ft:gd cetzfnl:-]:f I;?z“c hydrogen ion conce
en . mngt.calculate the jonization constant of the indicator.
jon concentrations of the given pH range are }
a1 = log ([FYM) ic. log {(HIM) == 31= 39
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= |
lomiy Bt
= Aeififyy
N | aub;ﬁcmtug this in either Eq. (1) (or Eq. 2), we o Tia 319

I ﬁ&lb
58=pk®4log(— XXI07
.8 = px® %{3310"3;-}-;:1&2

S PK" =58 g 1) g,

_-_\-'il.— = Ta

s A mixture of the following indicators can be |, ed
A slution in the range 4 10 11, M eand i
ethyl red, e-naphtholphthal !
o p]; p ein thymﬂlphlhalem. phcnnlphlhalm'n and
b Iy~ 'Ihsmixm ves different i

mw I gi colours at different PH values of the solution,

HO »up 5 6 i ] 9 10 11
‘“W. Red Orange Yellow Green Green piye Blue Red
% . red yellow green  violet viojer

STRONG MONOPROTIC ACID WITH A STRONG BASE
: amount of acid present in the volume V, of the solution, then

[ﬂaﬁ*]—?— :

::'. nd ¢, are the concentrations of acid and base, respectively, then after the
%f!ﬂm*‘%lumﬂ V;, of the base, the amount of H,0" left is

=g - eV (4.25.1)
me of the solution = V, + v,
i;és'mmﬁoﬁaﬁf remaining H,0" in solution is
ﬁ.l‘ I E Wl g
—ak (4.252)

e H0t) = -V bl

l f"ﬂl g (05

sion will not be applicable very near to the equivalence point
of Hy0" from the remaining acid becomes comparable

eom-ttauon due to the dissociation of water. In this case, we

(4.25.3)
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PRODUCT

1£ .
e e
- Ifaslightdy so salt i .
" ghily Iubl?. salt 1§ placed in water, a dynamic equilibrium is estal
g where the rate of dissolution of ions from the solid . E]q‘::;hmm i
b i . ) : ¥ o cquais * =iy
‘% ef gond from the saturated solution. For example. inj\gc] w..n;:e ; f P
librinm . we have the following
s :
L AgCl(s) == Ag"(aq) +Cl (aq)
~ with the equilibrium constant

LNy [Ag']ICI]

S [AgCl]
_.‘_-'J'-.'. Since the concentration of a pure solid i o constant, [AgCl] may be combined
- with K’ to give a new constant, called the solubiliry product:

B U g - [AgCD = (AgT [T
the product of the jonic Concentralions

"~ Thus, the solubility product is equal © :

' bresent in a saturated solution. When the salt dissolves to ghe upequal numbers
QEEEY 5 ative | : i st be raised [© & powet
AL of . and negative 1005, each concentration term must

fi ﬁw and neg hemical equation. For example:

ual to the coefficient of mM

Solubility product expression

R

~ Reaction a F T
T Cet + O K(CaF) e
=L - i K;'.Phl,‘,) = u’h':] (1 E- ;
— Hg' +2¢ K[AKOH),) = APTIORT
R C(Ag 0N = IAET PO
) _, - BLL o (POY Y
= 3ag” + PO o K| Cay( PO} = |Gl 1.5041 e
' pol K (KAISO) = 1K) (A 1804

:
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346 AV Since the solubility of a salt varies with temperay;.. “

e . e MOET : values a  the
of K. for a salt changes with temperature va re usug) S
She aumerical values of standard solubility product for o e,

sparingly soluble salts are listed in Table 4.32 1,

om0
"n“]tt 5
H }1 |h

L ..ZI. ; 'e‘dﬁ“m
Tﬁwﬁ' product for a salt can b¢ detf:‘fﬁ;‘;mw g
versa. The following problems ©

%ﬂ* Tk
ST

- H?q._

Table 4.32.1 Values of Standard Solubility Prog,,.,, -
Salt K° Salt Ko ‘T!r\
PbBr, 46 x 10° Hgs 3.0 % 10 T .
- HgBry .I-.'_3:.)¢- 19—12 cus 4.0 x 107 Mgrr“? Ly
AgBr  50x 10" PbS RS SR Vet S T
BaCO, 16x 107  Sn§ 80X 107  Nioyy,” L7
€dCo, 52 x 1077 Sb,S, 10780 srrrmh 6
CaCo; 47 x 107 Bi,S, 1.6 % 1077 SI"I{(J}[? b2 s
Cuco, 25x 1070 Cds 10 x 10 zy0y, 1%
Fe0g 21 <10 ZnS 2.5 % 102 . © Sy
PbCO; 15x 10  CoS T x 1072 Ha, | 83
MgCO; 1 x 107 Nis 3 x 1072 Al 83,
MnCO; 88 x 10"  MnS 56x 107 Agcn %6
Hg,00; 90x 107 FeS LOx 10"  Agens
NiCO; 14 x107 il
AgCO; 82x 107  BaF, 24x10°  Baco, s
SICO; T x 1079 © CaF, 39 x 10" caco, 3,
ZaCO;  2x 107" PbF, 4 x 107 PHC,O,  $34
i -- ' B:Ing 8 x 107% MgC,0, 8.6 x 1
PhCl,  16x10°  SiF, 79 x 10" AgC0, 11«
- Hg,Cl,  L1x 107 i SC0, S8
R AT ApCrs 8 R 103 & WIOHD, 005 x 1078 Bay(PO,),  6x 10
b SR i ol Lol es Dol RaOR), < 5 % 1073 Cay(POy, 13xi™
! : - Cd(OH),  2x10™ Pby(POy, 1xI°
~ Ca(OH), 1.3 x 107 Ag(PO,)  18x10
Gr(bﬂ)a 6‘7 X 10;-3-1 SI}(PO_;): [ xIF
- Co(OH), 25x 10" -
Co(OH);  25x 10®  BasoO, 13 %10
Cu(OH), 1.6 x 107" CaSO, 24 x 10
~Fe(OH),  18x%10°  pso, 1Y o
esaec e EB(OHD. .. .6 % 107 AgSOy 12N I
o g SrS0, o QE:
,"3 1./ §
Loy R Loy, B e 2 g
standard solubility product, ¢ is replaced by =
TR B <
Brerr—iies - o
' <



 The solubility of stro

. ) ; “ﬂul‘l‘l “!ﬂ‘ﬂl@ a2

| Since StOx == g o therefore
151 = (OK™) = 0,000 54 M

_Mb&llly product is

_.'% K‘(Sﬂ)x} = [SH*" imz‘ -

"\."lsmt“

(5.4 % g My

“in ¥

M
e 'ﬂm solubility of CaF, in water 2{1 °Cls 156
e ¢ ‘Nﬁllbmt?‘ Pmdl.lﬂt of CﬂF!, ME por g’

of sobipg
M. Caleniag.
il

i e i e e e e

Solubility in moles per dm’ = (13610 g da )
(Bgmoly ~20%i0'ym

.
"ﬂ-‘ S8 gincs U CaF, === Ca® 4+ 2F", therefore
- [Ca™]=20x10"M and [F]=2x20, o
‘Hence. the solubility product is
K, = .[cf*] [FT = (20 x 10™ M) (4.0 % 10 M = 13 0 17 o0

- i

M

II { N
/

rm imﬂ!e Sdl'llblhty of Agy(CrO,) in water if the value of solubility sroduer =
 K=13x 1071 M*?

&me Ag,Cr0, == 2Ag" + CrO}", therefore
=000
: 2&&-&{‘"’
3 rﬁeemb; ﬁse semblhty of Agzt:rm. then
e g and [CrO}1=s
E ; ) A e

..W,' K,--[Ag*‘]’f(:ro"'] =26 (5) de 4 =13x 107 0oy
".c = {3.25 x 10°2 M) = 148 x 107 M

b wier uptil saprs
P d solid BaSO, is shaken VP e \E and K BaSOY =
] B:;s::::bg:sh’g‘ gwn that X, (Srst’(?) —E:a?' :n:iUSOE s
)] Irl oy muonsul t
WJ'M“. caleulate the concen

;B

f SiS0;
tive mﬂcﬁnﬁﬁﬁm o
*m tb! w [SO ] =1+Y

o et T e =76 %107 M

.« solunon, et
and BasU, W the solui

L-H‘l" ﬁw,a = [Sl’“l [Soﬁ 't(‘ § " X 10.4 b,ll
K50 = B tsoﬁ w2 1
6]
) = 17 X 10° M



. henrisiry
Phywk al |
M8 4 Forbook of <alts ionize in steps. For example. |, -
ing

Faclors Affect

There is evidence that some

Solubility of Gan PHCL(8) . ph"m.”-t 201 () K. =[ph* IT¢
i« thonght to jomze according to the expressions
PHCLL(8) = PhC’] (aq) K P
Fha
- == PhCl"(aq) + Cl (aq) K
PbCly(aq) = PbCl'(aq I ;
PbCI*(ag) === Pb**(aq) + CI (aq) K, ="t
Phe

The product of the constants K, K, and K, is
Ky = [PbClytaqy) | ERELTICT 1) (1P c
KK, Ky = [PbCly(aq [PbCl,(aq)] J'. [PhCT" |

=[Pb™*][CI" ] =K,

In these expressions, PbCly(aq) is an undissociated molec .

Thus, the principle of solubility product applies 1 1 .,
soluble materials whether they dissociate in steps or not. However
salts that dissociate in steps must be carefully interpreted. For =
saturated solution of PbCl,, the concentration of C1 is not e e
of Pb** as the expression for the K, might lead one 1o expect; such
deduction ignores the dissociation of the salt in steps. The value
only if the actual concentrations of Ph2* and CI™ are emploved. and the &
mechanism is taken into account in order o deduce the cored’ -
terms,

Other factors such as complex formation, hydrolysis. i
into solubility calculations for certain salts, For example, the soiid
chloride is enhanced in g moderately concentrated solution of <
because of the formation of the complex ion PbCl,, so tha

PbCly(s) + Cl (aq) == PbCI;(aq)
Also, the hydrolysis of the pp** ions according to the reaction
th(“‘”*z“zo F=== Pb(OH)"(ag)+ HO" (&’

Teduces the concentration of Pb™* jons so that the solubilit Lnu
i | . 4l jenos
higher than the vajye obtained from the calculation that I

of PRCE ™

o
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he ‘-'*d’m of ons | IDNing the S -

SHPNS) = 20 x 10 3t P of e solution v, b | } o
m=l,ﬂ"o-uﬁx\4mm”=l_‘.,nn , '-"-I‘Bl'|m1-1£

K(PS) = ™) 51 = 19 o W ™ B wolution, thes

() 6s) = 70 x 10 a2 3 ]

b

Mb-r‘ » m T&gﬁmw‘mﬂhh&w

uﬂlﬂﬁd‘mhhﬁnhnﬁgﬂ'“mww“

hm. of Pb ilds*‘dﬂgmds_“!".
companson 1 that derved from the

) j mrabon of water The
hydrolysis of ions may be calculated a5 follow

The vanouas m 13 are

Hemce,

o s=R4x)0

W 10 be taken o
g?"‘-h -bl\-\'*‘ﬂh-n\. d o,

M) may be Tweed »
Sohubeinty of PhS mxctuding

ol

3

P +2H0 = POH +HO' &

_ [PNOHY | H.0°
S
_ [HS 10
15
H.SIHOH |
HS +H.0 — H.S-0H" L

- B HS "]

I
; hlﬁjhmﬁxu.&éaﬂtﬁm

e
R PHOH)"] " -

1 =————[HO][OH"]

_ i Py JOH] .
B b K, Lo x0T W
T K (PR(OH) 15x10°M

ST +HO0 — HS +OH =

=67 x 107 M '

=) ALO"
=.._;——-—f0H 1[“30 |
K= S mon
K, LOXIOUM _, 0y .

—_—=

K. 10x10°M '

BH VG ® ™ -

WOS——— T e LR 4

A%

bl ' o
= 1o xW0HM g, L0t M & 3
=X, LixioM™

i
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350 A Textbook of Physical Chemistry
Making use of Eqgs (2) and (3) in Eq. (). we have

. 57 8™
(871 = (8% 1+ Ky 'L—.li + Kyg Ky IE!;{{F!J?
LR (8"l
e B L L TL
[oH- ] on )’
Now the expression of solubility product of PhS is
K(PbS) = (Pb™] 7]
~ Substituting [Pb™] and [S™7] from Eqs (9) and (10), we ger
K, (PbS) = —— (PP (S lp
( +_Kh1_.](l K f_rg!_&;J
[H,0°])\ [OH"] [OH |

If y is the concentration of PbS in the solution, then it is obyiou. that
[Po™]y = [§*]y = ¥
With this, the previous expression gives

K, K, \
¥ =K,(FbS}(I 3 _..L_J (1 h2 KiK.,
. [H07] i [OH™] ¥ [OH‘]EJ
Sul tituti _.-,,.g._rhe values ﬂff,{PhS},,Km. Ku, Khﬁir [HBO*I and [OH), we have

yz {70:»:10'391\{3)(1 , 87 x107 M][H LOM  91xi0tw
29 107" M 07'M (107w
=00 X 10 Mz)f?ﬂ)ﬂ.gl X 10")=1.0295 x 10-® e
‘Hence, y-wmsmo**ﬂm

Thus, the solubility of Pbs incl
this with that obtained i
by a factor i

1.0146 x 10710 |
TBax g 12078

uding hydrolysis is 1.014 6 x 1079 M. Compasd
h?dmiyﬂls indicates that the solubility has been o=

Caleulate the mojar solubility of AgCN in water. Given:

om o KAASCN) =23 10715 M2 gug g iON) = 17 x 10° M
- Material-balance expression of the dissolved salt is

':W*J o Iwﬂ e

W=
o O
=)
32
o <
08
®
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Ay LN+ JRgor

R 'ﬁmafmuam iprod
i l‘_y &x
s ﬂf"m,lh!t‘c
] . s

4

JiJ'_dﬁ' ]
oy R '
'Mmof&mdﬂ we get
P M#[ﬂ?xlﬂ"m (2.3 x 10718 M2
oy -ﬂw =188 x107M
(/W
s &@éﬂtdﬁemmmmmm let us calculate | K K [Ag") wd hen

I WELAR® ] = [(1.7X 107 M) (23X 107" M) (138 x 10 M
. =248x 107" M
:W'M’mmxijusﬁfyinsﬁummpmnnbmvmp&&dr

oy
| ﬁ I omino lubility o= & rmm
o : present in the solution decreases the o
" : 'mﬂmanﬁo‘mnm,mmwmmmm
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=2.983 x 19« M

: POH = - hﬂ“ﬂﬂwl _

1
and B O8 (2983 x 104,
mPH_Id"mHalo.% )=

¢ ; ed. -
Precipitated first. If the agision ;fo; ? “;?f

- of the precipitated salts -
;',-r‘. odiict ( Sfl; 1:1:1:; :‘»:11::: then the salt with th'elfn .r'b.emmiubﬂm'-
| | .: 3 & Um SﬂlUb‘ili 1 * o ] --
| , Mw the salt of next higher solubility product ty) will precipitate first followes

~If the stoichi ¥oduct and so.on.
P e solibiti mofﬂ'lepmmpumed salts is not the same N
N | Dl tYPl'OdUCIdataalone,Wecannotpredictwhih‘ mm
187 m Take, for example, a solution containing CI- : fl wilk peecipitme
~ form precipitates with Ag" g CI and CrO;". Both these ions
RS A O Ag". Though the solubility product of AgCl is larger than
e Ag,CrO,, yet it is AgCl (lesser soluble) which precipitates first
! + 3 i : when
R r._*.um-maddedtotheso!uuon.lnorde to predi ich i 2-
s r to predict which ion (CI” or CrO7)
g ms ﬁn;t,.we. have to calculate the concentration of Ag” ions needed w©
; T -@q,_?!.'wlpltatlmn through the solubility product data and the given
wration of CI or CrOZ.. Since square root is involved in the expression
puting Ag” for silver chromate, the quantity of Ag" needed to start the
tion of CrO,* is larger than that for CI". Hence, as AgNO; is added 1o
ition, the minimum of the two concentrations of Ag™ to start the
tion will be reached first and thus the corresponding ion (CI in this

1 bﬁpmczplmted in preference to the other. During the course of
' concentration of CI~ decreases and the corresponding concentration
n eventually becomes

. A tio

“to start the precipitation increases. Its mcmlf ’ s
s s . ration of CrO; - At this Stage, pracuically
" Qmmmﬂfof the preciP! o addition of more of AgNO;



[ Chemistry

frysfoa
356 ATV
A solution is 0.1 M in CI", 0, |m
0.1 M in J “-

added to this solution. Assuming that the uqq;,
It
"ol Agne,

answer the following:
(a) What concentration of Ag* iong ), "

the three ions?
(b) Which ion will precipitate fipqo
(¢) What will be the concentration f this
(d) What will be the concentration |:|h;“ -,.I;I.--.-| the
o,

precipitating? Given:
K(AECD = 1.7 » 10719 pp2.

"

N..I'Iu”'ql ’
f

4 ',.--u

19y
M

K(AgBr) = 5.0 x 1017 pp2

and K(AgD) = 8.5 x 10717 \p2

Solution (a) The concentration of Ag* ions 1o start th
solubility product data. e PreCipitatio,

Snce K, = [Ag"] [X7], therefore
[Ag+] i ._'K’i_
[X~]
For chloride:  [Agt)= LI X1070M"
[{)]_M) =17 X 1077 »
Forbromide:  [agh)= Z0X10UM
O1m)  COXI0TM
iodide: 8.5 x 1077 M2
For iodide: [Ag+] E s I(JM} M ol ey

gb ! Shcs [AgT) required to precipitate I is minimum, therefore 5 42
rst. The same conclusion can also be reached from the solubiln ©

(¢) The second ion Br~ will be precipitated only when [Ag”
reached to 5.0 x 10712 M. Therefore, the concentration Of remain

a2
_ K(Agh) _85x10 '_‘1\_[_ chrmm o
[Ag*] (5.0 x 107 M)

1]
| in the .\UiL]lZ"I-': )
e I and Br ¥

(d) The third jon CI” will be precipitated only when [A2
© L7 x 10 M. Therefore, the concentrations of remain!

M NOTE Y [‘I- - Ks(AgI) A 8.5 x 10‘” N];s =5.U X 10 HM
: [Agt] (1.7 x107M)

- il



[Pm" !
‘QWII'}»H‘ Yy

Prex Mrta, My

ey rm in the solution when Aghy ..
B (17 x 107 M)
AN TR
PR e 5;,!-; ’
armg' mlnllll in the solution when Ag
L ga XM 030 4107 03
B ! B
e set that the precipitation of one iom is sime .,
‘Wit a suitable method (otentiomeirec, o 1yra, ™
i ﬁaﬁw ions can be determined witos Hr:r-...,.n oy
ATy ing Tk —

% 100=1.7 % 107 =519

Waen, D'u_(;,,“_.‘

I M in CI and 0.001 M in CrO7 . i solid Ago. i S
which will precipitate first. AECY or AL.CIO,? Avwame s 2e s
in volume. Given: o
13
=17 x10° M
0, = 1.9 x 1077 M’

as to form the ionic product of the substance st excoeds Se
re, we calculate the [Ag’] needed w0 precpiase AxC =d

a1l
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Qualitative Analysls

Group |

Group i

A of Physical Chemistry
ok )

From Example 4'132'” it may he cone),,
precipitated wht_'n (.r”'.'h rnn.umrt.n.- 'm"”T”'fnirl, al g,
as the precipitating indicator ip the litratio,, ” g
il s 2y ) > |
colour of Ag,CrQ, is red and hence the ¢pg o

- =4 ‘ o . s 3 nt . ! \
by the ]1[1[1(‘-?‘1”"7{(_ of a red Precipityye In a thal . - aby
CrO; used is much less and henge , highey ., Pracy
sfart precipitation of Agy( "”4_ (’uw;{'qur ntly, . A
untitrated when Ag,CrO, beging 1o Precipiis.

Qualitative analysis of cations i« large}, ko
product. Cations are Separated inte, SEX prous:
of their salts. A brief description of the scher.

below.

Insoluble chlorides Only Ag* Hel* and p,
they have low values of Solubility Products,

KAPECLy) = 1.6 x 105 5
K(Hg,Cly) = 1.1 x 1918 M?

]

K(AgCD) = 1.7 x 1010 M?

Insoluble sulphides in acidic mediyy, The sulphige.:..
solution that hag been Saturated with H.S is :—~ b

2-1- Ki&G [H,S]  1.1x02 M

In an acidic solution, the [H'] is large and thus [§°
in 10 ecm?® of 4 Saturated H,S solution that has been made
approximately seven §2- ions. Thus, when H,S is passed in
a solution containing severa] cations, only for least
Bi*, Ph* 2+ Cd™, Sb*, As™ and Sn™*, the ionic prods
than the corresponding solubility products whick, therefore
other cations sych g Fe™ Co® Ni** zn™ Ci ool
Smaller than thejr respective solubility products and thus
Le. their sulphides are soluble. he solut

It is possible o compute the minimum pH *"‘!‘ =
cation will form an insoluble sulphide when the solut
This can pe computed as follows: _ jo fon BECE

The minimum concentration of sulphid

Precipitation of cation M>* s

yifsie 5
MULLEREL e

K, (MS)
S!— =t
[S7) ™) )

sy i




Ne pysrroe FIATITERIAIR) ) a3y
o 1 '_ [53"] can be computed using the uprc;;::n&ﬂ]uuun ha‘-'ing e
{l'lxlo-'zl M'I)I-H S] ab"ﬂ-’&
MH1= 2 2
i ani (1
b . ¥ )
o <5 ' that is i e
| I an aqueous solution n equilibriyy,
i 81 = 0.1 M: hence e 2 B a g 375
i i T 325
t s wotiy (1.1x107" M)
: P 5
0 [aax102 MM
. K, (MS)

S ' The minimum [S*7] and the maximum [H*] 4o,
s sulphides (IM**] = 0.01 M) are being given in Table 4337,
“BLE

S  Table 4322 Condition for the Precipitation of Varioy. Sulphides
[ ; 5

g with pH valies

for

. K: [Sz_]mm ['H*"]_rw Min &

: 3.0 x 107 3 x 107 SIRE L

4.0 x 107 4 x 107 =5 x 10° N

: 1.0 x 107 1.0 x m-f: =3 %10 % o
80 x 107 8.0 x 107 =1x 10° =-20
i 107% 163 =3x10
1.6 x 107 25 x 1072 =2 ! =-03

1.0 x 107 1.0 x 19’26 =10x 10° =-20

7107 7% 107 =013 =09

g 107 3 x 107 ~2x10° =17

2.5 5k 25 x 1078 =6x m*; T
1.0 x 107" 1.0 x 1077 =3 x 10 oy

i L 5.6 x 107 =4x10°

Phe data in Table 4.32.2 reveal how ca
e rest of cations, The conce

;ons of Group 11 could be separsiss

isted (0 pH
ntration of H' less than that h;ze‘i + ;ra L5
cient sulphide tons © cause preciP

¥ Ay s N

- than the listed value) yields suffi : B 1 petween 013 ©
'lhus,‘n s, if mazrl acidic solution ‘comasmgi 1[112111 e precipiaid
S 1 < 39) st is passed, only sulphides of e
el iy ution containing " when NHG 18
ﬁ-' " umaj::;ca] solution decreases st soluble
) Ofmi-frﬂf; al.ltf;l::n ion effect. Thus OnY o comesponding
because of the cO EISNEL O dets EXC . for otbet
et c:’;i mti;sﬂ: l:mi:)?o A ,:P:m: sl 947
( mmfmei only - jonk . junon
W-l- Bazq.' Caz-l-, etc-)‘ the l'espccnve . it n th it
’sntubiﬁty ct a_[]d th;l P Xes \'61?'  |arge gxiﬂm.
@O REDMI NG h as Co™*, Ni™*, Mgz*iuﬁ; a?e decreased ©*
: of free ions in the 0

QO Al QUAD-C

T



vasmenagesrne . A lATgey Coif ""'f'r.fzu.,:
jions from the solution 4,

“MMDase s
Pare

r. crr Qt‘t '""1 1 1 L] J

v Incoluble sulphides in
Group

Tmmg Mie, &
concentranion of <

Thire

f’:f.{

This is becase of the 1, I

o’ \r'l-'“ Mn mnd /n ‘
G v Insoluble carbonates in am
I The (.‘-lrl‘\nl’}ﬂl't'\ of B4

ol precipitate
equilibriym

"'"Ffuq'

Ca
due 4, the |

NH; + CO;

to the right sige n the Presen,

Group VI This containg the feMaining

£ir

Example 432,14 m

I FeS preci .=:.. te .' Phe
15 4 x 10719 pp2 T

= (1.0 M) (1.2 x 102 M

2 BICaler than
HUW?VEF. the ioni¢ Product is less ha,
» 0 Fe§ |

E'Wle 432 15 A solution that s 0.1}

. 0.1 M in Cd* 4nd 0.1 M
of Cg* femains ip solution after CdS has prec
For cacty Cd* jon Precipitated, two H
fu”uwing reaction:

('d"‘{aq) + H,S(aq)

: = Cdd(s

e ) A We shaj assume

.

that virtually all Cd* ions precipitas
B _ i

Ntroduces 0.20 mol of H* per dm’ of solution, 4

Frwses? won

{ »



lonie Eqmilbna 161
: il Ax102M LI x 102w
LN q’l“l' ) 2-1 .:l—L ; e e
R i (030 M
ngf th after CdS has pre.cipilalu! may be

el

X |

e st
S ﬁ.'?r..i:.].f,_' 4

derived from the y el

ey ot g
1R [caﬂjtsn"} =10x 10" M

e R 1' hiey —ﬂmz
B! 1.0 x 10 =827 10*M
: R i ) =8,
- B ™ = oy X 107 M
g A
- saine ZinG and mangancse ions each at a Ernnacntratiqn of 501 M
: m@tgﬂ;‘; 1f the K, of Z0S is 1.0 x 107 M* and the £, of was
of 16 a2 what is the pH at which the manganous sulphide will form 3 precigrase
0&4 lmgafditi'ﬁns what will be the concentration of remaining zine ons” Gres
: Q;JB hff concen rration S2° ion to start the precipitation is obtamed from e
e = 0’01 M :’[hgrefol'e- we have
{Mﬁ B 16 n2 -
B o pvns) 56X 10T M 565107 M
o) broele “[Sz"j--" 2 (0.01M)
e ﬂﬁ iv] NATRTYA L ] : 2 be from 3¢
% A tion of the solution having the above Figeieome
on of t :

-l ] M — }”1 e 10-23 F'i:
=T 010Mm

REDMI NOTE 9
Al QUAD CAME



