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Gravimetric analysis :

Gravimetric analysis is an analytical technique used for the quantitative determination of an analyte based on the mass
of solid. Gravimetric Analysis is based on the principle the mass of the ion present in the pure compound can be
determined by estimating the mass percentage of the same ion in the known quantity of an impure compound. The
element to be identified is precipitated from a solution using this method of analysis by the addition of a suitable
precipitating agent. The precipitate should either have a known composition or, through heating, should be changed
into another compound with a known composition. For example, to determine the sulphate ions (SO4)*" contained in
ammonium sulphate (NH4)>SO4 solution, the solution is treated with barium chloride (BaCl) first. When all sulphate
ions have precipitated as barium sulphate (BaSO4), the precipitate of barium sulphate is filtered, washed, dried, ignited,
and finally weighed. By knowing the weight of the precipitate, BaSO4, the amount of sulphate ion present in the given
volume of ammonium sulphate can be determined using a suitable stiochiometric relationship.
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Classification of Gravimetric Analysis
Gravimetric analysis is broadly classified into following types:

Gravimetric

Precipitation Volatilization Electro Gravimetry Thermo Gravimetry
Gravimetry Gravimetry
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Precipitation gravimetry:
Precipitation gravimetric analysis separates ions from a solution by using the precipitation process (the reaction that
creates an insoluble solid product from the reaction of two soluble solid products). The chemical responsible for
precipitate formation in the precipitation reaction is referred to as the precipitating agent. For instance, the white
precipitate of silver chloride is produced when aqueous silver nitrate and sodium chloride solutions react. Sodium
chloride is utilized as a precipitating agent in this process.

AgNO; + NaCl - AgCl +NaNO,
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Volatilization gravimetry

The analytical technique of gravimetric volatilization separates the masses using thermal or chemical
energy to determine their masses. In this method solid reactant molecules are converted into gaseous
molecules using thermal or chemical energy. Different volatile gases (that can be easily evaporative),
like carbon dioxide, chlorine, etc., can be separated with the help of volatilization gravimetry. For
example, the aqueous solution of sulphuric acid helps to separate carbon dioxide gas (a volatile gas)

molecules from sodium bicarbonate.
2NaHCO; (aq) +H,SO,(aq) —> 2CO, (g) +2H,0 (1) +Na,s0O, (aq)
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Electrogravimetry:

Electrogravimetry is a method used to separate and quantify ions of a substance, usually a metal. It is similar to
conventional gravimetric analysis. However, in electrogravimetry the product is deposited quantitatively on an
electrode by an electrolytic reaction and the amount of the product is determined by weighing the electrode before and
after electrolysis. The material is deposited on an electrode by the application of a potential instead of chemical
precipitation from a solution. Hence the name electrogravimetry (weighing of the product after electrolysis).

When a current is passed through a solution containing two or more electroactive species, the electrochemical process
with the most positive reduction potential will occur first at the cathode. For example, if the solution contains copper,
hydrogen, and cadmium ions, copper will deposit first. As copper deposits, the electrode potential becomes more
negative until it reaches a point where hydrogen ions are reduced and hydrogen gas is formed at the cathode
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Thermogravimetry:

Thermogravimetric analysis is a type of thermal analysis in which the mass of a sample is determined as a result of
temperature change. It gives information on both physical and chemical phenomena, such as phase transitions,
absorption, thermal degradation, and so on.

CaC04-H30

Weight (mg)

CaC,04 - HyO(s) — CaCy04(s) + 2H,0(1)
CaC;04(s) —+ CaCOs(s) + CO(g)
s CaCOs(s) —+ CaO(s) + COz(g)

Temperature (°C)
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Gravimetric analysis steps (precipitation) (e sl (Aol Jdail) ol gladh
1.Preparation of the sample solution el Jolae juzaai ]
2.Precipitation process Cun il dalee 2
3.Digestion magll 3
4. Filtration and washing Jusll 5 2 il 4
5.Drying and Igniting ol ) (5 ja s Canial 5
6.Weighing o8l 6
7.Calculation clall 7

1- Preparation of the sample solution:
This may involve several steps including adjustment of the pH of the solution in order for the precipitate to occur
quantitatively and get a precipitate of desired properties, removing interferences, adjusting the volume of the sample to
suit the amount of precipitating agent to be added.
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2- Precipitation:

This requires addition of a precipitating agent solution to the sample solution. Upon addition of the first drops of the
precipitating agent, supersaturation occurs, then nucleation starts to occur where every few molecules of precipitate
aggregate together forming a nucleous. At this point, addition of extra precipitating agent will either form new nuclei
or will build up on existing nuclei to give a precipitate.
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3- Digestion of the precipitate:

The precipitate is left hot (below boiling) for 30 min to 1 hour in order for the particles to be digested. Digestion
involves dissolution of small particles and reprecipitation on larger ones resulting in particle growth and better
precipitate characteristics. This process is called Ostwald ripening.

Ostwald ripening is the phenomenon in which molecules on the surface of a small particle dissolve and then crystallize
on the surface of a larger particle.

Agct ASCl < agci + AgCl T Voo

An important advantage of digestion is observed for colloidal precipitates where large amounts of adsorbed ions cover
the huge area of the precipitate. Digestion forces the small colloidal particles to agglomerate which decreases their
surface area and thus adsorption. The precipitate often contains ions that were trapped when the precipitate was
formed. This is mostly a problem for crystalline precipitates. If the trapped ions are not volatile, then their presence
will corrupt the weighing step. Concentration of interfering species may be reduced by digestion. Unfortunately, post
precipitation as we will see later will increase during digestion.
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4- Filtration and washing:

Problems with surface adsorption may be reduced by careful washing of the precipitate. With some precipitates,
peptization occurs during washing. Each particle of the precipitate has two layers, in primary layer certain ions are
adsorbed and in the outer layer other ions of opposite charge are adsorbed . This situation makes the precipitate settle
down. If the outer layer ions are removed then all the particles will have the same charge so the particles will be
dissonant .This is called peptization. This results in the loss of part of the precipitate because the colloidal form may
pass through on filtration. , in case of colloidal precipitates we should not use water as a washing solution since

peptization would occur. In such situations dilute volatile electrolyte such as nitric acid, ammonium nitrate, or dilute
acetic acid may be used.
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5- Drying and ignition

If the collected precipitate is in a form suitable for weighing, it must be heated to remove water and to remove the
adsorbed electrolyte from the wash liquid. This drying can usually be done by heating at 110 to 120C° for 1 to 2 h.
Ignition at a much higher temperature (>250 C%) is usually required if a precipitate must be converted to a more
suitable form for weighing. For example, magnesium ammonium phosphate, MgNH4PO4, is decomposed to the
pyrophosphate, Mg>P>07, by heating at 900C". Hydrous ferric oxide, Fe;03.xH>0, is ignited to the anhydrous ferric
oxide. Many metals that are precipitated by organic reagents (e.g., 8-hydroxyquinoline) or by sulfide can be ignited to

their oxides.
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6- Weighing:

The precipitate cannot be weighed with the necessary accuracy in place on the filter Paper; nor can the precipitate be




completely removed from the filter paper in order to weigh it. The precipitate can be carefully heated in a crucible until
the filter paper has burned away; this leaves only the precipitate. (As the name suggests, "ashless" paper is used so that
the precipitate is not contaminated with ash). If you use Goosh crucible then after the precipitate is allowed to cool
(preferably in a desicator to keep it from absorbing moisture), it is weighed (in the crucible). The mass of the crucible
is subtracted from the combined mass, giving the mass of the precipitated analyte. Since the composition of the
precipitate is known, it is simple to calculate the mass of analyte in the original sample.
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Precipitant or precipitating agent:
Precipitant or precipitating agent refers to the chemical that is used to cause precipitation. Ideally, a gravimetric

precipitating agent should react specifically or at least selectively with the analyte. Specific reagents, which are rare,
react only with a single chemical species. It is important to understand that the term specificity is used to tell something
about the method's ability responding to one single analyte only, while selectivity is used when the method is able to
respond to several different analytes in the sample.

Specifically react only with a single chemical species, i.e., Dimethylglyoxime — Ni*?

Selectively react with a limited number of species, i.e., AgNO3 - Cl, Br, I and SCN-

Selective reagents, which are more common, react with a limited number of species. In addition to specificity and
selectivity, the ideal precipitating reagent would react with the analyte to give a product that is:
1. easily filtered and washed free of contaminants
2. of sufficiently low solubility that no significant loss of the analyte occurs during filtration and washing
3. unreactive with constituents of the atmosphere
4. of known chemical composition after it is dried or, if necessary, ignited
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Inorganic precipitating agents:

Common inorganic precipitants can be used to determine several cations and anions. In some cases, the formation of
the same precipitate can be used to determine the cation and the anion. For example, the reaction of barium and
chromate ions to give barium chromate is used to determine both barium and chromate. However, precipitates such as
hydroxides, oxalates, and metal ammonium phosphates are first converted to a weighable form. Precipitation methods

can also be applied to determine organic functional groups such as organic halides, carbonyl, alkoxy groups, aromatic
nitro, azo, and phosphate.
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Some Inorganic Precipitating Agents

Precipitating Agent Element Precipitated™

NH (ag) Be (BeO), Al (A1LO,), Sc (Sc,O3), Cr (Cr.O5) T, Fe (Fe,O3),
Ga (Ga>O03), Zr (ZrO,), Im (In>O5), Sn (SnO,), U (U;05)

H_S Cu (CuO)+. Zn (ZnO or ZnSO.), Ge (GeO5). As (As,O; or As,O.),
Mo (MoOs), Sn (SnO.)+, Sb (Sb,O3), or Sb,Os,), Bi (Bi>Ss)

(INH;).S Hg (HgS), Co (Co30.)

(NHL)-HPO, Mg (Mg,P.O-), Al (AIPOL), Mn (Mn,P,O-), Zn (Zn.P,O-),
Zr (Zr.P,O.), Cd (Cd.P.O.), Bi (BiPOY)

H.SO, Li, Mn, Sr, Cd, Pb, Ba (all as sulfates)

H.PcCl, K (K.PtCl, or Pr), Rb (Rb,PrCl.), Cs (Cs.PrCl.)

H,.C,O4 Ca (CaO), Sr (SrO). Th (ThO,)

(NH,)-MoO, Cd (CdMoO,) 1, Pb (PbMoO )

HC Ag (AgCl), Hg (Hg,Cl,). Na (as NaCl from butyl alcohol), Si (SiO.)

AgNO; Cl1 (AgClD, Br (AgBr), I{AgD)

(NH,),CO, Bi (Bi,O)

NH_ SCN Cu [Cu,(SCN),]

NaHCO, Ru, Os, Ir (precipirtarted as hydrous oxides, reduced with H, to
metallic state)

HNO, Sn (SnO,)

H-10, Hg [Hgs(IO,)-]

NacCll, Pb(INNO,). F (PbCIIF)

BaCl, SO,% (BaSO,)

MgCl,, NHCl PO2" (Mg,P,O-)

Organic precipitating agent :

Organic precipitating agents have the advantages of giving precipitates with very low solubility in water and a
favorable gravimetric factor. Most of them are chelating agents that form slightly soluble, uncharged chelates with
metal ions. A chelating agent is a type of complexing agent that has two or more groups capable of complexing with a
metal ion. The complex formed is called a chelate. Since chelating agents are weak acids, the number of elements

precipitated, and thus the selectivity, can usually be regulated by adjustment of the pH. Some of these precipitates are
not stoichiometric, and more accurate results are obtained by igniting them to form the metal oxides.
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Some Organic Precipitating Agents

Reagent Structure Metals Precipitated

Dimethylglyvoxime CH,— C =— NOH MNi(Il» in NH; or buffered HOAcC: PA(IIl) in HC1
| (MZ+ + 2ZHR — MR, + 2H1)
CH; — C — NOH

o -Benzoinozime (cupron) OH NOH CudIl) in NH; and tartrate; Mo(WVI) and W{WVI) in
. Il o H* (M?>* + H,R — MR + 2ZH*: M>" — Cu?+,
'l’/\“‘\j—C‘H—C‘—[/ TI MoO.+, WO.21)
= S Metal oxide weighed
Ammonium nitrosophenylhydroxylamine MN=— Fe(Ill). V{V) TiIV), Zo(IV), SndIWV), TU(IV)
(cupferron) o | (M”+ + aANHL R — MR, + aNH, ")
/l ST N—O—NH, Metal oxide weighed
S
B-Hydroxyquinoline (oxine) OH Many metals. Useful for AW and Mo(Ily
N (M™F + nHR — MR, + aH™)
- -
s —
Sodium diethyldithiocarbamate s Many metals from acid solution
M (M=t 4+ pNaR — MRn 4+ nMNat)
(C,HL )N — C— S—Na
Sodium tetraphenylboron NaB{C;Hz)y K .Rb", Cs*, T1I", Ag’, Hg(I), Cu(D). NH, . RNH, ¥,
RoNH, . R;NHT . R,N' . Acidic solution
(M+ 4+ NaR — MR + Na¥®)
Tetraphenylarsonium chloride (CoH:y, AsCl Cry0,2, MnO,— ., ReO, . MoO, 2, WO, ClO, . T,

Acidic solution (A"~ 4+ nRCl — R, A 4+ nCl™)

Errors in Gravimetric analysis:
There are different causes of errors in gravimetric analysis these are as follows:
Inaccurate weighing.

*Incomplete and imperfect precipitation.
*Ignition of precipitate at either too low or too high temperature.
*Exposure of ignited precipitate to the atmosphere.
*Use of sub standard reagent and apparatus.
*Haste and impatience.
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Precaution to avoid the errors in gravimetric analysis:

Gravimetric analysis has several possible causes of error, however, a careful analyst with adequate technical skill
would avoid frequent mistakes. For a successful gravimetric analysis, the following precaution should be used.

1 - Since gravimetric analysis is a lengthy and tedious process, each step must be conducted with considerable
patience.

2 -Dilute solutions should be used for the precipitation since they prevent co-precipitation.
3 - The precipitant should be slowly introduced with constant stirring. This helps in large crystal growth, and the level
of super-saturation is also decreased.
4 - Precipitation should be performed under hot conditions since precipitation is most effective in hot solutions.
5 - A slight excess of the precipitant should be added throughout the precipitation process, but significant excess must
be avoided since they will contaminate the precipitate.

sl Julatl) B eUad¥) caiail da U cillaliial)
s s e Jseanll 3 ) Sl plUad¥) Cuinii 4N 4l 5 5lgall 55 Gdall Jlaad) 8 (el aa g Uadll dlaine bl 30 43 335l Jalail

8




Al UalgaY) aladiul sy cals

S uan s sha JS el ja) inad dileay Ayl dlee 50 Jilaill (Y 15k -]

el a5 a1 s yill Adiadl) Jalladl) aladial Gany - 2

) il (5 siase QA8 oy LeS 3yl by gl gad 8 13 de Ly | pausall cly il ae ey G yiall salal) JUS0) Cany - 3
Al Jllaal) d dllad ST ()5S0 Ca il (Y Ll Cag ol 3 a5l o) a) any - 4

el gl sl LY S il iad o S5 ccapme il dlee ) s A el 30Lall (e il (aild dilia) ang - 5

Advantages of gravimetric analysis:

1.Although there are numerous sources of inaccuracy in gravimetric analysis, when conducted correctly, this method
remains the most accurate method for chemical analysis.
2.his procedure employs low-cost equipments.
3.1t allows for very little instrumental error and does not necessitate a set of standards to calculate the constituent to be
determined.
4.1t is an analytical method that helps to determine the quantity of analyte based on the density of the solid.
5.This approach has been developed and standardized for practically all cations and anions.
6.This technique can also be used with neutral species like iodine, carbon dioxide, water, and sulfur dioxide.
7.This method has been successfully used to estimate a wider range of organic compounds, including lactose in milk
products, salicylates in medications, nicotine in pesticides, and cholesterol in cereals, among others.
8.Possible sources of error i.e. presence of impurities can be checked easily.
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Disadvantages of gravimetric analysis:
1.1t is a macroscopic approach since a large amount of sample is needed.
2.The study of a single element or small group of elements may generally only be done via gravimetric analysis at one

time.
3.The steps in this method are frequently complex, and a single mistake in the process can frequently cause trouble for
the study.
4.This method is time-consuming and difficult because it requires so many steps.
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Requirements of gravimetric analysis:
1.The component that needs to be estimated must be fully precipitated.

2.The precipitate should be pure before it weighs.

3.The precipitate must be suitable for handling, such as filtering, washing, weighing, etc.
4.The most fundamental requirement for the gravimetric analysis is the selection of an insoluble precipitate of the

constituent to be determined which has sufficient stability and is suitable for manipulation.
1ol Jalal) cilllaia
AL 6 52385 30 5all 5 Sall e 5 i
A3 s a8 a1 6 o o
A N L 0 slls Jams) 5 e il e eJalaill Gaslia ol 1 (5585 o coma
e Jalall e 3 IS il il (53015 033355 0 pal) ¢y 5Sall sl B e ooy U1 5 3551 Qi ) il

A W N ==

Gravimetric factor (GF):
Gravimetric factor (GF), which represents the weight of analyte per unit weight of precipitate. It is obtained from the

ratio of the formula weight of the analyte to that of the precipitate, multiplied by the moles of analyte per mole of
precipitate obtained from each mole of analyte, that is,

fw analyte (g/mol) a o
GF = — x —(mol analyte/mol precipitate)
fw precipitate (g/mol) b

= g analyte/g precipitate
:(GF): i3 Jalal)
Gl Sl Zapall (55 N dlaall Arsall (5 A e dgle Jandl oy ol Hll (e 358285 ST sl (555 Jie 53 ¢ (GF) (S50 Jalal)
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Example 1
Calculate the grams of analyte per gram of precipitate for the following conversions:

Al B ganll (A8 Jeatadl) a1 G al s JSI Jlaal) Cilal s 33 el

Analyte Precipitate
P Ag,PO,
K,HPO, Ag,PO,
Bi,S; BaSO,

Solution

, at wt P (g/mol) 1
g P/g Ag,PO, = - , = — (mol P/mol Ag,PO,)
: fw Ag,PO, (g/mol) 1 :

30.97 (g P/mol) 1
= — s« =0.07399 g P/g Ag;PO,
418.58 (g Ag;PO /mol) 1 '

GF
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i 48 A3 4 fw AE?.P'D-; Lc'.:-_."fl'l'lﬂl“.l % | — - 4/ma = )

po LA 18 @R HPO,/mOD T 11612 ¢ KoHPO, /2 AgsPOL
418.58 (g Ag;PO,/mol) 1 N '
¢ Bi;S3/g BaSOy = fw Big3; (g/mob 1 ol Bi,S;/mol BaSOy)
fw BaSO, (g/mol) 3
514.15 (g Bi,S; /mol)

~ 233.40 (g BaSO,/mol)

x — = 0.73429 g Bi,S; /g BaSO,

Lad | =

Weight of substance sought (g) = weight of precipitate (g)

fw substance sought (g/mol)
X

fw precipitate (g/mol)
a

X b (mol substance sought,/mol precipitate)
h

= weight of precipitate (g)
» GF (g sought/g precipitate)

% A=—"2 » 100%

Esample

weight of precipitate () x GF (g sought/g precipitate
sought = PRI 5) O (g Sughg precple)
weight of sample (g)

Example-2:
Orthophosphate (PO4*) is determined by weighing as ammonium phospho-molybdate, (NH4)PQ4.12MoQs. calculate
the percent P in the sample and the percent P20s if 1.1682 g precipitate (ppt) were obtained from a 0.2711 g sample.
Perform the %P calculation using the gravimetric Factor and just using dimensional analysis.
L) i) Cual(NH9)PO4.12M0O3. <ot sa¥) Sl ga i b IS5 o S50 Qiail) Guob ge (POSF) Sl sl (g i oy
st Gl ) e plua 11682 e Jsandl &5 13 P2Os Al (8 sdu sl 2S5l Gudlad 4 dall dpil) caval 5 ey Al (8 s il
A2 0.2711 05 de e (ppt) pssised) Cland se
A ) Jaladl) aladind 5 (GF) sl Jalad) aladiads O P gho gl 4y gial) dpaadl) s ) 2y o
Jsed) Jaolial o
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Example 2

Orthophosphate (PO4*~) is determined by weighing as ammonium phospho-

molybdat

e. (NHPO, - 12Mo00O5. Calculate the percent P in the sample and the

percent P>Os if 1.1682 g precipitate (ppt) were obtained from a 0.2711-g sample.
Perform the % P calculation using the gravimetric factor and just using dimensional

analysis.

|

1.1682 t P t
— & PP X 50, - 12Mo0, (g P/g ppt) )
G P = x 100%

0.2711 g sample
1.1682 30.97/1876.5
- g X (30.97/ )« 100% = 7.111%
02711 g
p')O;
1.1682 g ppt x = 5 . A5G (g P,Os/g ppt)
% P,05 — 2(NH,4);PO, - 12Mo0O;, % 100%

0.2711 g sample

1.1682 g x [141.95/(2 x 1876.5)]
= % 100%
02711 ¢g

= 16.30%

Let’s do the same calculation using dimensional analysis for the % P setup.

1.982 g (NH,),PO,—12MoO; x (30.97/1867.5)g P/g (NH,),PO. 12MoO,
0.2771 g sample

%P =

x 100%
= (7.111 g P/g sample) x 100% = 7.111%

Note that the (NH,),PO, - 12MoO; species cancel one another (dimensional analysis),
leaving only g P in the numerator.

Example 3:

An ore is analyzed for the manganese content by converting the manganese to Mn304 and weighing it. [f a 1.52 g
sample yields Mn3O4 weighing 0.126 g what would be the percent Mn203 in the sample? The percent manganese?

JJs

biala 1,15

Example 3

: 3 Jhiall day i
2 OF Al Al Y 43555 MnaOs ) Sisiall digsd ol e ainiall (e ol sine 38 jaal Lo pld Jila o4
fhiml) A Saiaiall s ale $Aiall A Mn203 4 o4 Wé Mn3O4 o< pl > 0.126

An ore is analyzed for the manganese content by converting the manganese to MnyO,

and weighi
the percent

Solution

To Mna Oy

G Min

ng it. If a 1.52-g sample yields Mn3; O, weighing 0.126 g. what would be
Mn-, Oy in the sample? The percent Mn?

IMin, O

0.126 g Mn, O, x ﬁ:g Mn-O5 /g MnsO,)
. = R | -
o 1.52 g sample = 100

0.126 3(157.9)/2(228.8
— g > [3¢ )2 M . 100% — 8.58%

152 =
3Mn

0.126 g Mn,; Oy x ——— (g Mn/g Mn;0O,)

= Mn3 0, s 1009

1.52 g sample
0. 126 g = [3(54.94)/228_8]
1.52




Example-4 :
what weight of pyrite ore (impure FeS2) must be taken for analysis so that the BaSQ4 precipitate weight obtained will
be equal to one-half that of the percent S in the sample?

14 JUall daa 55
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Example 4

What weight of pyrite ore (impure FeS,) must be taken for analysis so that the BaSO,
precipitate weight obtained will be equal to one-half that of the percent S in the
sample?

Solution

If we have A% of S, then we will obtain 1 A g of BaSO,. Therefore,

l
gA(g BaS0O,) x
A% S = —

g S/e BaSO,)
TR M e

g sample

x 100%

or

32.064
X
223340, 100
g sample

-JI'_"'

t

1% S =

g sample = 6.869 g

Example 5:

A mixture containing only FeCls and AICI3 weighs 5.95 g the chlorides are converted to the hydrous oxides and
ignited to Fe203 and Al203, The oxide mixture weighs 2.62 g. Calculate the percent %Fe and %Al in the original

mixture.
15 Jliall dan i
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Example 5

A mixture containing only FeCl; and AICI; weighs 5.95 g. The chlorides are converted
to the hydrous oxides and ignited to Fe,O3 and Al,O;. The oxide mixture weighs
2.62 g. Calculate the percent Fe and Al in the orl&lnal mixture.

Solution

There are two unknowns, so two simultancous equations must be set up and solved.
Let x = g Fe and v = g Al. Then, for the first equation,

gFeCly +g AICI; =595 g (1)
x - y - =:5:95 2
X ( Fo ) -+ Al ) £ (2)
162.21 133.34
x| ——— | ——— ) = S5. 3
‘( 55.85 ) - ( 26.98 e e
290x 4+494y =595 ¢ 4)
g Fe;0; + g A1b,O; =262 ¢ (3
F’jo Al,O
.1'( ;;: ‘)-4-_\' ,,;““):2.62;;. (6)
2Fe 2
159.69 101.96
. e y AP Gl G 2t e -_— YA -
"(2x55.85)+-‘(2x26.93) Sote o
1.43x+ 1.89y =262 ¢ (8)
Solving (4) and (8) simultancously for x and yv:
2.62—-1.89y
1.43x = 2.62 — 1.89y .......... (8 X = = ... (9)

We substitute in equation (4)
2.62—1.89y

st *

{2.9(= ) +4.94y = 5.95} (,1/4/)
(2.9%2.62-2.9%1.89y+1.43*4.94y = 5.95%1.43)
=7.598-5.481y+7.064y = 8.508 ,,,,,,.,,.,, 7.064y-5.481y = 8.508-7.598

1.583y = 0,91 ,,,,....y = 0.91/1.583 = 0.58 g (Al)

We substitute in equation (8)

1.43x=2.62-1.89y,,,,,,1.43x=2.62-1.89%0.575

1.43x=2.62-1.087,,,,,,,,1.43x=1.533,,,,,,,x=1.533/1.43=1.07g (Fe)

x=107g
1.07
% Fe = wsg % 100% = 18.0%
g
0.58
% Al = sqsg % 100% = 9.8%
595¢




Mechanism of Precipitation (how particles are formed?)
- Supersaturated solution formed ... The ionic product of concentrations > the solubility product.
-Nucleation...a few atoms, ions or molecules join together to give a stable solid called nuclei.
- Particle growth ...the process where more ions are added to the nucleus to form colloids with sizes in the
range of 1-100nm in diameter.
il 1) G 9S Ja) pa (Sebapad) () 98T i) s i) A
O Jaala <4 o) 5SS G deala 0S5 Lavie | godial) (398 Jglaall 0 oS- A 5Y) Al jal) -
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When a solution of a precipitating agent is added to a test solution to form a precipitate, such as in the addition of
AgNO3 to a chloride solution to precipitate AgCl, the actual precipitation occurs in a series of steps. The precipitation
process involves heterogeneous equilibria and, as such, is not instantaneous. First, supersaturation occurs, that is, the
solution phase contains more of the dissolved salt than it can carry at equilibrium. This is a metastable condition, and
the driving force will be for the system to approach equilibrium (saturation). This is started by nucleation.
il Sasy CAGCL s S 2 )5S Jlase ) AgNO3 Adba) (8 LS el ) 08 L) Jlae (I a5 dale (00 J slae by Ladie
sk ol ol G gl sy (Y Al b oMy dilaia it I e o sl Blee (sl ) ghadl) (y Aludar b el
Oe BV A Uil Zadlal) 5 g8l () sSin g 3 eyt Ala oda o)) 5Tl Alla 8 dles 43S0y Lee ST laall bl e d3aS e (5 singy J sl
sl 13 Tay (@) 05150

For nucleation to occur, a minimum number of particles must come together to produce microscopic nuclei of the solid
phase. The higher the degree of supersaturation, the greater the rate of nucleation. The formation of a greater number of
nuclei per unit time will ultimately produce more total crystals of smaller size. The total crystal surface area will be
larger, and there will be more danger that impurities will be adsorbed. Although nucleation should theoretically occur
spontaneously, it is usually induced, for example, on dust particles, scratches on the vessel surface, or added seed
crystals of the precipitate (not in quantitative analysis).

Nucleation spontaneocus

® o /.‘.a.‘.
* ®

e
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Following nucleation, the initial nucleus will grow by depositing other precipitate particles to form a crystal of a
certain geometric shape. Again, the greater the supersaturation, the more rapid the crystal growth rate. An increased
growth rate increases the chances of imperfections in the crystal and trapping of impurities.
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How particle size is controlled ?
1. Precipitate from dilute solution. This keeps Q low.
2. Add dilute precipitating reagents slowly, with effective stirring. This also keeps Q low. Stirring prevents local

excesses of the reagent.
3. Precipitate from hot solution. This increases S. The solubility should not be too great or the precipitation will not
be quantitative (with less than 1 part per thousand remaining). The bulk of the precipitation may be performed in
the hot solution, and then the solution may be coold to make the precipitation quantitative.
4. Precipitate at as low a pH as is possible to maintain quantitative precipitation. Many precipitates are more
soluble in acid medium, and this slows the rate of precipitation. They are more soluble because the anion of the
precipitate (which comes from a weak acid) combines with protons in the solution.
Sqsaal ) cbyn ana (b aSatl) o) i
nidie Q ad o Lilay 138 Caida Jslae (e il - 1
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VonWeimarn discovered that the particle size of precipitates is inversely proportional to the relative supersaturation of
the solution during the precipitation process:

Where:

Q is the concentration of the mixed reagents before precipitation occurs, S is the solubility of the precipitate at
equilibrium, Q — S is the degree of supersaturation. The ratio, (Q — S)/S, relative supersaturation, is also called the

VonWeimarn ratio.
eyl Aglee oL glaall sl (338 auil) e pe Lo ity sl 5 1) Gl aaa O CES) g ) alle ¢ jlagld ¢y 68
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When a solution is supersaturated, it is in a state of metastable equilibrium, and this favors rapid nucleation to form a
large number of small particles. That is, Obviously, then, we want to keep QO low and S high
during precipitation

16




PP | DTPR- BN RN |

Slapeall a5 ddlay) nucleation
A competition between .
T additional nucleation particle
= | and particle growth growth
=3

relative supersaturation ——p
Glaseall o € 30 (oS8 Aegpudl Ll o deley ay e e (3158 Alla (8 05% Al st (K8 e Jolaal) 58 Letie
il o R85 a8 5 Lnidie Q lo Bliall &y 5 Ll cpal sl (g ¢ iy 138 5 5 yall

-Solubility of the precipitate... [ncrease solubility by precipitating from hot solution or adjusting the pH
-Relative Supersaturated (RSS) ...as small as possible
-RSS = (Q-S)/S (Von Weimarn ... Particles size inversely RSS)
-Q: conc. of the solute
-S: equilibrium solubility
- (Q-S) is a measure of the degree of supersaturation
i 5 el o8 iy oSl ALl J sl om0 (530 BB 5 5 ot ) g Al
Sy Lo sial alea (RSS) Gl ausll gl
(RSS 0 b i Cilapuad) paa . kel 0 82) RSS = (Q-S)/S
Gl 38 5:Q
CE T EUN T AU ERITET

Ul il A il (ilie 58 (Q-S)

-Solutions ...as diluted as possible

Addition of precipitating agent...as slow as possible

Large particle size (crystalline solid) :> S 4 +RssS ;+ Q ‘ (dil. & slow)

Small particle size (colloid) |:> s ¥ +Rss $+Q 1‘ (conc. & fast)

OSaY) a8 Adida | Jullaal)
Sy sy | e Al Jale ddL)

(osh o) SOl & B S H+RSS J+Q ] (sdmy & i )
($25) piwo Sl & =) S V+RSS $+Q 4 ( s & S )

Precipitation from homogeneous solution:

Homogeneous precipitation is a process in which a precipitate is formed by slow generation of an precipitating reagent
homogeneously throughout a solution. Solids formed by homogeneous precipitation are generally purer and larger in
size.
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» Hydrolysis of urea P 2NH; + €O, |
H,N~ “NH,
Urea
i P e p H,S NH
> Hyd.roly5|s ' H3C—< _— H304< + MO ¢ 3
of thioacetamide NH, OH
Thioacetamide Acetic acid Hydrogen sulfide Ammonia

ICI) ICI) HON NOH
» Formation of DMG  H,C-C-C-CH; + 2NH,OH —> Il + 2H,0

Biacetyl . H3C-C-C-CH,
(2,3-diketobutane) Hydroxylamine Dimethylglyoxime
souilatia Jolaa (e e Al
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TABLE 12-1 2
Methods for Homogeneous Generation of Precipitating Agents

Precipitating Agent ~ Reagent Generation Reaction Elements Precipitated
OH Urea (NH,),CO + 3H,0 — CO, + 2NH," + 20H Al, Ga, Th, Bi, Fe, Sn
PO Trimethyl phosphate (CH;0);P0O + 3H,0 — 3CH;0H + H,PO; Zr, Hf

GOL Ethyl oxalate (C,H;),C,04 + 2H,0 = 2C,H;0H + H,C,0;4 Mg, Zn, Ca

SO Dimethyl sulfate (CH;0),50, + 4H,0 = 2CH,OH + SO, + 2H,0" Ba, Ca, Sr, Pb

coy Trichloroacetic acid Cl,CCOOH + 20H" — CHCl, + COy + H,0 La, Ba, Ra

H,S ‘Thioaceramide® CH,CSNH, + H,0 — CH;CONH, + H,S Sb, Mo, Cu, Cd
DMGT Biacetyl + hydroxylamine  CH,COCOCH; + 2H,NOH — DMG + 2H,0 Ni

HOQ# 8-Acetoxyquinoline§ CH,C00Q + H,0 = CH,COOH + HOQ Al U, Mg, Zn

= Types of precipitates
There are two types of precipitates, according to the size of the formed particles
1.colloidal (1- 100 pm diameter) or amorphous.
2.crystalline (> 100 um diameter) precipitates
Colloidal particles are very small (1 to 100 nm) and have a very large surface to-mass ratio, which
promotes surface adsorption. They are formed by virtue of the precipitation mechanism. As a precipitate
forms, the ions are arranged in a fixed pattern.
Primary adsorption layer:
¢ It will have a positive or negative charge, depending on the excess reagent.
e If the excess reagent is the cation of the solute, then the overall charge will be positive. For example,
excess silver nitrate added to sodium chloride. The primary adsorption layer will be predominately silver
ions.
Counter-ion layer:
* Because of the overall charge of the adsorption layer, a second layer called the counter-ion layer forms.
* This is also composed of the excess reagent along with other ions in solution.
e It will impart the opposite overall charge to the entire colloidal particle.
* So if the adsorption layer is positive, the counter-ion layer will be negative.
Electrical double layer:
Together, the two layers comprise what is called an electrical double layer surrounding a solid core.
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In AgCl, for example, there will be alternating Ag* and Cl~ ions on the surface (see figures below). While
there are localized + and — charges on the surface, the net surface charge is zero. However, the surface
does tend to adsorb the ion of the precipitate particle that is in excess in the solution, for example, Ag* if
precipitating ClI- with an excess of Ag*; this imparts a charge. (With crystalline precipitates, the degree of
such adsorption will generally be small in comparison with particles that tend to form colloids.) The
adsorption creates a primary layer that is strongly adsorbed and is an integral part of the crystal. It will
attract ions of the opposite charge in a counter layer or secondary layer so the particle will have an overall
neutral charge. There will be solvent molecules interspersed between the layers. Normally, the counter
layer completely neutralizes the primary layer and is close to it, so the particles will collect together to
form larger particles; that is, they will coagulate. However, if the secondary layer is loosely bound, the
primary surface charge will tend to repel like particles, maintaining a colloidal state.
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A
> \ Counter layer
- ! ) L
\-\ L Y ' o Silver chloride partide
K+ Na* Na Z s = ’
H AN mary adsorptive laye y — -
Hrnme y a0s tiv yer
fios B ¢i . W : - A S e
Na NOOOGE e >N « NOs Ag(agcy,)Aet NOT =
& : : : Ci = | ‘Ag‘; ;777:»',\9. ‘<\“ Primary absorbed layer
: ' : & p Ag'  NO,
c + . B ey V4 NO; “\Countor ion layer
—— Colloidal AgC A Y = Y
K+ & ¢ NO3 H ’ ¢ o N S T Water
Na*®

Crystalline precipitates are generally more easily filtered and purified than are coagulated colloids. In
addition, the size of individual crystalline particles, and thus their filterability, can be controlled to some
extent.
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= Impurities in Precipitates
Precipitates tend to carry down from the solution other constituents that are normally soluble, causing the

precipitate to become contaminated. This process is called coprecipitation. The process may be
equilibrium based or kinetically controlled.
There are a number of ways in which a foreign material may be coprecipitated.
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1 - Co-precipitation:

- Inclusion ... trap a pocket of solution

-Occlusion ...impurities trapped inside the growing crystal

- Surface adsorption ...on the surface

- Isomorphous replacement (mixed crystal) ...occupy crystal lattice

1 diall G ) -1
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Al 55 5Ll Ja0 5 pealaall il ) SlawsY)-

CJMJ\ Sl ‘;A.Lud\ BB MR
Al Adl Jads | (ALLJ:'M BJ}L) Jilaiall Jlasiayi-

r.’iJL:“ C"\:‘JSW‘J - ua‘..o)“ C.)L:;J\g i‘j\.’ml\ ‘-‘-_\.—*'_}"“ f} obal M\

/ . Isomorphous replacement

Ba* Cl p
sl c| _» Occlusion
sal‘Cﬁof Ba»* SO, Ba* ‘ X i ——
”~ 4
50,2 _/Ba" SO Ba¥ SO ge, O - : .
> 4 A |
Ba?* 50,2 @ s0. Ba?__s02~ \Bat i :
K* cr -
SO, Ba* SO Ba* SO,5 Bar |BaL~
Ba2* Cl
Ba®* 50;“ Ba?* 50',‘7 P?:' SO_.“' Bat* cl

% : ¢

An example of Co-precipitation of PbSO, in BaSO,

® Occlusion

In the process of occlusion, material that is not part of the crystal structure is trapped within a crystal. For
example, water may be trapped in pockets when AgcCl crystals are formed, and this can be removed to a
degree by dissolution and recrystallization. If such mechanical trapping occurs during a precipitation
process, the water will contain dissolved impurities.

KKy

JS Laie g 8 sla) Gun 38 QU Qa5 sl Jals Ayl Al e 12 3a JSE Y A 3 sall Gan L 2ol dlee 3
6 ing o gaad ccpns i) Aglae U1 SISl Gl 138 Jie iaa 13 slall sale) g Jlall 3l e Lo s ) 138 A1) oSy 5 cAgCl <l s
A il i e el

= Inclusion

Inclusion occurs when ions, generally of similar size and charge, are trapped within the crystal lattice
(isomorphous inclusion, as with K, in NH,;MgPO, precipitation). These are not equilibrium processes.
Occluded or included impurities are difficult to remove. Digestion may help some but is not completely
effective. The impurities cannot be removed by washing. Purification by dissolving and re-precipitating is
helpful.

2] giaYl
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m Surface adsorption

The surface of the precipitate will have a primary adsorbed layer of the lattice ions in excess. This results in
surface adsorption, the most common form of contamination. For example, after barium sulfate is
completely precipitated, the lattice ion in excess will be barium, and this will form the primary layer. The
counter ion will be a foreign anion, for example, nitrate two for each barium. The net effect then is an
adsorbed layer of barium nitrate, an equilibrium-based process. These adsorbed layers can often be
removed by washing, or they can be replaced by ions that are readily volatilized. Gelatinous precipitates
are especially troublesome, though. Digestion reduces the surface area and, therefore, the adsorbed

amount.
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= Isomorphous replacement

Two compounds are said to be isomorphous if they have the same type of formula and crystallize in similar
geometric forms. When their lattice dimensions are about the same, one ion can replace another in a
crystal, resulting in a mixed crystal. This process is called isomorphous replacement or isomorphous
substitution. For example, in the precipitation of Mg?* as magnesium ammonium phosphate, K* has nearly
the same ionic size as NH,* and can replace it to form magnesium potassium phosphate. Isomorphous
replacement, when it occurs, causes major interference, and little can be done about it. Precipitates in
which it occurs are seldom used analytically.
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2. Post-precipitation

Sometimes, when the precipitate is allowed to stand in contact with the mother liquor, a second substance
will slowly form a precipitate with the precipitating reagent. This is called postprecipitation. For example,
when calcium oxalate is precipitated in the presence of magnesium ions, magnesium oxalate does not
immediately precipitate because it tends to form supersaturated solutions. But it will precipitate if the
solution is allowed to stand too long before being filtered. Similarly, copper sulfide will precipitate in acid
solution in the presence of zinc ions without zinc sulfide being precipitated, but eventually zinc sulfide will
precipitate.
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Solubility and solubility product
Solubility ... is the maximum amount of solute that can be dissolved in a solvent at a given temperature at a given
volume at equilibrium.
LY Juala g Ay
OO s & (e pas (3 Ama 5 s A2 e Cude (B L) (Se ) el Aasl By aad) o Al 3),

Equilibrium ... when the concentrations of products and reactants have become equal after the reaction has taken

place
Jelal) &g aay (g glaie B lelital) 5 il sil) 30 55 paat Ladie L 3160

Concentration ... is the amount of solute that can be dissolved in a solvent at a given volume
e paa e cudall L3 Sa ) el 2 a L JuS A

Solubility product constant(Ksp) ...
is the product of the equilibrium concentrations of the ions in a saturated solution of a salt. Each concentration is
raised to the power of their stoichiometric coefficients in the balanced equation.

PbCIZ(S] = sz“’[aq) + 2 CI'(aq)

Ksp = [Pb?*][CI-]?
RSl a3alae 38 ) 5,855 OS b oy edall (e e sl 8 231l i Y1 5805 Jeals sa (KSP) Lo Qo) Juala il
A0 ) sl Al
Ksp is considered unitless because it is derived from the ratio of activities or concentrations that cancel out,

reflecting the equilibrium state of the system without specific units.
= Shortcut method of Ksp expression (without ion common)

AB () — Ksp= x"#x'=x? (ratio 1:1)
AB, () —> Ksp = x!* (2x) = 4 (ratio 1:2)
AB, () —> Ksp= x1x(3x)3 = 27x* (ratio 1:3)

A3B, ) = Ksp= (3x)® * (2x)2 = 108x° (ratio 3:2)
Badse Clas g (s allaill 3 gl Al (g Las canall Lguamy (a5 ) 380 530 of Adaiil) A (g A LY Cilaa g DU Ksp ydiad

Calculating molar solubility from Ksp Ksp ¢ (A5l Glgdll qilua
Example 6
Calculate the molar solubility of CaF,(s) in its saturated solution, given that ksp ., = 3.2*%10-11

CaF, © Ca’*+ 2F7 Ko =[Ca®'TIFT1 35, 1011 = [y][2x]2 = 4x3
x = 3\]732‘110_“ = 0.0002 %
6 Jua
et Al dall ksp CaF2 = 3.2*%10711)) alall ae cpniiall 4l slaa 8 CaF(s) - 4,Y sall 4l 53 Cova)
Calculating Ksp from molar solubility 4N sal) Al g2l e Ksp ibeaa
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Example 7
The solubility of Ag,S in water is 8x101°g/L, calculate the solubility product (Ksp), given that

. mel
the M.wt of Ag,S is 248 gm/mole g _ M - M.wt ——
L L mel

g/L 81071 /L 1y
M = = = 3.226 = 10 /L Ag,S 2Agt 4+ s — +12[52~
M.wt 248 =/mol mol/ 825 © g + Ksp [Ag™1°[s77]

Kop = [2x]% [x] = 4x® Ko = 4(3.226+10777)% = 1.34 » 107%
17 Jua
248 5 Ag:S 4 iall oo Ol el ge ¢ ad (Ksp) bl duals caal (8x1075g/L s clall B AgpS Aundll afi S s
L) 7 g g Jalg/mol

® Solubility depends on the stoichiometry Solubility Product Constants of Selected Slightly Soluble Salts

Salt Ky Solubility, s (mol/L)
The molar solubility is not necessarily directly : - ;
proportional to the Ksp value since it depends on ':hltf])* :8 ::; 3 :; S ::: -
the stoichiometry of the salt. i\iBr 4 1013 6j 10~
The K, of Agl is 5 x 10'* larger than that of Agl I x 10-1 I % 10~
Al(OH);, but its molar solubility is only twice that Al(OH), 2x 1073 5%107°
of AI(OH);. That is, a 1:1 salt has a lower solubility "'C‘()‘”’; :x 10 :: 2x 10 :'
than a non-symmetric salt for a given Ksp. }::; ;‘ ::; e i: ::: 5

A gal) Cadl) = AL gAY Aaies
(= 1015 x 5 laiay S Agl J Ksp da o) Lxdall 4 gl conill o aaind L3 Ksp 4 pe pilie (S 55 5 gudally 4 gl 4l 53l) sl Y
Laill (1:1 00 LS)) Jilaiall ye el e B Glsd 4 127 Ay ) O 6l aid AI(OH)3 Olsd Cana 43 )Y sall Leinily 53 S1 CAI(OH)3 4edd

Alma Ksp
Example 8
Calculate the molar solubility of PbSO, and compare it with that of Pbl,.
PbSO; = Pb™" + SO, >~ [Pb**][SO,> ] = 1.6 x 107"
(s)(s) = 1.6 % 108 s=13%10%M

Although the Ksp of Pbl, (7.1 x 107°) is smaller than that of PbSO, (1.6 x 1078), the solubility of Pbl, is
greater, due to the non-symmetrical nature of the precipitate.

8 Jla
Pbly 44, sall 4L 53 ae 43,8 5 PHSO4 4 43, sall 450 53 sl
PbSO, = Pb** + S0,* [Pb**][SO,* 1= 1.6 x 1078
(s)(s) = 1.6 x 10~ s=13x10"*M

ABL) e Al s S Py Glsd Bl ol (16 X 107) ppo, 1 ksp e aal (71 % 107%) ppyp, 3 ksp o e e 1 e
el gl
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For electrolytes of the same valence type, the order of solubility will be the same as the order of the
corresponding solubility products. But when we compare salts of different valence type, the order may be
different. Compound AB will have a smaller molar solubility than compound AC, when both have identical
Ksp values.
A smaller Ksp with a non-symmetrical precipitate does not necessarily mean a smaller solubility compared
to a symmetrical one.
S e 5 e Yl Lexie STy LG Gl ol g a5 andl ga GlsAll i OSSN & g Gl (e il g ST dpually
Ksp o Y Alillic Ksp o Lagie IS (5585 Lavie ACy Suall (e el (5¥ 50 lisd AB S el () saus Wilise i il (65 288 calide
Jilaia Cansl ) Al 3 4 )lie il 4l 53 A 5y 5 pually Jilaia e ol e JaaaY)

= Predicting precipitation [lonic product (Q) Vs solubility product (Ksp)]

The ionic product (Q) of a salt is the product of the concentrations of the ions in solution raised to the same
powers as in the solubility product expression. It is analogous to the reaction quotient (Q) for gaseous
equilibria. Whereas K, describes equilibrium concentrations, the ion product describes concentrations that
are not necessarily equilibrium concentrations. An ion product can in principle have any positive value,
depending on the concentrations of the ions involved. Only in the special case when its value is identical
with K, does it become the solubility product. A solution in which this is the case is said to be saturated .
Thus when [Ag*]?2 [CrCy-2]=2.76x10°12 '

at the temperature and pressure at which this value Ksp of applies, we say that the "solution is saturated

in silver chromate".

The Relationship between Q and K,,. If Q is less than K, the solution is unsaturated and more solid will
dissolve until the system reaches equilibrium (Q = K,). If Q is greater than K, the solution is
supersaturated and solid will precipitate until Q = K,,. If Q = K, the rate of dissolution is equal to the rate
of precipitation; the solution is saturated, and no net change in the amount of dissolved solid will occur.
The process of calculating the value of the ion product and comparing it with the magnitude of the
solubility product is a straightforward way to determine whether a solution is unsaturated, saturated, or
supersaturated. More important, the ion product tells chemists whether a precipitate will form when
solutions of two soluble salts are mixed.

Dissolution .
. Ksp = [BaZ*]_, [SO,% ]
BaSO,, =————= BaZ,, + SO, .. eq 19047 lq
’ Precipitation = a Q = [Ba*' ], [SO,* ],
®» Ksp at equilibrium, Q at anytime
Q< Ksp —>  Dissolution ... the solution is unsaturated (C < S)
Q= Ksp p — Equilibrium ... the solution is saturated (C=5)
Q> Ksp €———  Precipitation ... the solution is supersaturated (C > S)

[(Ksp) ¢bodll Juals Jilia (Q) (9! U] uann silly il
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Gt ) Laxaall 550 ) A 3 2ie [Ag+]? [CrO4 2]=2.76x10712 Laie Juilly s Ladie Al 028 40 5585 2l) Jslaall e JUy ol s
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i Ksp = [Ba*],, [SO,*]
BasO Z——> Ba¥_, + SO P o 2
4(s) T (aq) 4 (aa) Q = [Ba?*], [SO,* ],

® Ksp ool Al G, Q 3y 6l 3

Q< Ksp —> I e E_“;.,n_‘nbd#‘ (C<S)

Q= Ksp € oi)lF e e dsl2 (C=9)

Example 9
What must be the concentration of added Ag* to just start precipitation of AgCl in a 1.0 x 103 M solution
of NaCl?

[AgT1(1.0x 107) = 1.0 x 107"

[Ag7]=1.0x 10 ™
The concentration of Ag* must, therefore, just exceed 10~ M to begin precipitation.

In reality supersaturation is needed before precipitation begins. In practice it is unlikely that precipitation
will begin when Ag*just exceeds 1077 M

9 Jua
Ksp(AgCH=1.0%10"1" ¢ AgCl s fal 1,010 M 2355 NaCl Jslaa ) Alla) cal gl Ag+ Qsa) Jslaa S8 55 sala
[Ag™1(1.0x 107y =1.0x 107"
[Ag7]=1.0x 10 ™
O asall o e cApland) Lalil) (o e ) 3 0 BN gadl a3l c@Blgl) (B i) sad 1077 M AgHIS S Jskak Of iy I
L1077 M Agtisiah Ladie quu il fay

Example 10
Ten milliliters of 0.20M AgNO3 is added to 10 mL of 0.10M NaCl. Calculate the concentration of Cl" remaining
in solution at equilibrium, and the solubility of the AgCl.

The final volume is 20 ml the millimoles Ag" added equal 0.2 *10= 2.0 mmol. the millimoles CI- taken equal
0.1*10=1.0 mmol. therefore, the millimoles excess Ag" equals (2.0-1.0) = 1.0 mmol. we see that the Ag* concentration
contributed from the precipitate as a small, that is on the order of 10> mmol/mL in the absence of a common ion. this
will be even smaller in the presence of excess Ag" since the solubility is suppressed. therefore, we can neglect the
amount of Ag* contributed from the precipitate compadre to the excess Ag* Hence the final concentration of Ag* is 1.0
mmol/20 mL=0.050 M, and

(0.050) * [CI']=1.0 * 10°'°
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[CI']=2.0 * 10° M
The CI" concentration again equals the solubility of the AgCl and so solubility is 2.0 * 10® M.
Because the Ksp product always holds, precipitation will not take place unless the product of [Ag*] and [CI-] exceeds

the ksp. If the product is just equal to Ksp, all the Ag"and CI- remains in solution.
- The solubility product must be exceeded for precipitation to occur.

10 Ja
GOV dis Jglaall B AgaN CI S5 s s ¥ 54 0.10 S04 NaCl ¢+ ilde 10 Y s ¥54 0.20 35S0 AgNO3 (o silila 3 die 48l
AgCl 4l sd clua s
1Jsed) o
Jse e 1.0=10 * 0.1 @ sbu 33l CI" U e e e e 2.0 =10 * 0.2 (55 Ailiadll Ag+ e e 22e «Ja 20 s el anall
e 1075 250n 8 T ¢ a1 e 4y aaladd) Agt 35S 53 ) 553 .05 e 1.0 = (1.0-2.0) 554 330 30 Ag+ Jge e ¢ il
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(0.050) * [CI]=1.0 * 10°'°

[CI]=2.0 * 10° M

2.0%10°M (o obsall Al fa b s AgCl ol s b 6 by CI 38 55 s Al 55
G sasa Jealall IS 13 Ll ksp cse ST [CL]s [Agt] cma deala SIS 13 ) Casm il Giang ol il ol Ksp o pa a5 casesy
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Factors effecting solubility
1. Effect of temperature on solubility

Temperature has a significant impact on the solubility of substances in solvents, and its effects can vary
depending on the nature of the solute and solvent involved. Here are the key effects of temperature on
solubility:

1. Increased Solubility of Solids: For most solid solutes, solubility tends to increase with an increase in
temperature. This is because higher temperatures provide more kinetic energy to the molecules, allowing
them to overcome intermolecular forces and dissolve more readily. For example, sugar dissolves more
easily in hot water than in cold water.

2. Decreased Solubility of Gases: In contrast to solids, the solubility of gases in liquids generally decreases
with an increase in temperature. As temperature rises, gas molecules gain kinetic energy and are more
likely to escape from the liquid phase into the gas phase. This is why carbonated beverages lose their fizz
more quickly when warmed.

3. Endothermic vs. Exothermic Dissolution: The effect of temperature on solubility can also depend on
whether the dissolution process is endothermic (absorbs heat) or exothermic (releases heat):
- Endothermic Dissolution: If the dissolution process absorbs heat, increasing the temperature will

increase solubility. An example is ammonium nitrate, which dissolves endothermically.
- Exothermic Dissolution: If the dissolution process releases heat, increasing the temperature may
decrease solubility. AN example is calcium sulfate, which dissolves exothermically.

4. Equilibrium Considerations: According to Le Chatelier's principle, if a system at equilibrium is subjected
to a change in temperature, the equilibrium will shift to counteract that change. For endothermic
dissolutions, increasing temperature shifts the equilibrium to favor more solute dissolving, while for
exothermic dissolutions, it shifts to favor the formation of solid.
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2. Effect of solute’s nature on solubility

When ionic charge increases, the attraction between ions increases, and this leads to decrease the
solubility.

Small ions are less soluble than large ions, as the bond between small ions is stronger that the bond
between large ions with the same charge (see coulomb’s law below).

The higher the charges on the ions, the stronger their electrostatic attraction for each other, and the
harder it is for the solvent (i.e., water) to pull them apart. For example, if the calcium carbonate in marble
were to dissolve too easily, think of how many buildings and statues would dissolve in the rain.
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Example 11

Based on the diagram, answer the following questions:
=> Which substance is least soluble at 0°C? KCIO,
=Which substance is the most soluble at 0°C? NaNO,
=What is the solubility of K,Cr,0, at 30°C? 15gm

Solubility (g of salt in 100 g H,0)

10

Ce,(SO,)4

Temperature (°C)

o
O 10 20 30 40 50 60 70 80 90 100

3. Effect of solvent’s nature on solubility

“Like dissolves like”
=>Substances that exhibit similar types of intermolecular force dissolve in each other.
=>Polar molecules and ionic compounds (like salt) will be more soluble in polar solvents (like water).
= Nonpolar molecules (like oil) will be more soluble in nonpolar solvents (like hexane).
If you introduce a solute into a solvent where it is not compatible, it may not dissolve effectively.

Type Present in Molecular perspective Strength
st et e - G- G
=) ~
Dipale—dipote Polar imoleciles 5+ @ W5 5 @ W5
> ) -
@
S Molecules containing 5+ 5 -
Eyctroprmboning H bonded to F.O.or N @ ®
S S

¢ ’ Dashed lines: hydrogen bonds

Sucrose dissolved in water
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(slal) Jie) Apadadll ilypdall b Gl g2 LS ST () oS (elall Jia) 4 501 LS yall 5 Aadall iy o) -
(OSell Jie) dpdail) e lydall 8 (LA LS ST () oS () Jia) dpladl e il sall -
Jled ISy s Y 38 (38 gle e e A Al Bale JLal <l 1)

AR YT e E¥s a3 oDle ) guaall e

4. Effect of common ion on solubility|

The common ion effect refers to the decrease in solubility of an ionic compound when a common ion is
added to the solution. This happens due to Le Chatelier's principle, which states that a system at
equilibrium will shift to counteract changes. For example, consider the solubility of silver chloride (AgCl) in
water. Without any common ions, AgCl has a certain solubility. If you add sodium chloride (NaCl), which
provides a common ion (CI7), the equilibrium of AgCl dissociation shifts left, resulting in less AgCl dissolving
in the solution. So, if the solubility of AgCl is 0.001 mol/L in pure water, adding NaCl could reduce its

solubility to 0.0005 mol/L, effectively demonstrating the common ion effect.
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Example 12
The Ksp for BaSO, is 1*1019, calculate the solubility of barium sulphate BaSO, in a D.W and 0.002M BaCl,.
In D.W BaSO, < Ba*t + SO:ZI-
K, = [Ba**][5077]

1% 10720 = [x][x] = x?

x = [Ba®*] = [§07-]1= ¥1«10° @
Use the concentration of

In 0.002M Bacl, BaSO, < Ba®* + S0}~ the common ion as the
initial concentration

1 0.002 €0 |
C +3x +x
E 0.002+x X

you can only ignore X when it is being
added or subtracted

= [Ba**][50¢7]

0 Note that the solubility of BaSO, has
1+ 107*¢ = [0.002 + =][x] been decreased by 200 times due to
i 2+
1% 10-1° = 0.002x / the affect of common ion Ba
+10-2%0
x =22 _ €54 10-° mol/L
0.00z

5. Effect of pH on solubility

pH can influence solubility by means of:

Acid-Base Reactions: For solutes that are weak acids or weak bases, pH can significantly impact solubility.
Weak Acids: The solubility of weak acids typically increases in a more basic (high pH) environment.
This is because the weak acid (HA) dissociates into its conjugate base (A™) and hydrogen ions (H*). In
a basic solution, the concentration of H* is lower, so the equilibrium shifts to produce more of the
conjugate base, which enhances the solubility of the weak acid.
Weak Bases: Conversely, the solubility of weak bases generally increases in a more acidic (low pH)
environment. Weak bases (B) accept protons to form their conjugate acids (BH*). In an acidic
solution, there are more H* ions available, which shifts the equilibrium to form more of the
conjugate acid and increases the solubility of the weak base.

Salt Solubility: For salts formed from a strong acid and a strong base (like NaCl), pH usually doesn’t have a

significant effect on solubility because both the acid and base completely dissociate in water. However, for

salts formed from a weak acid and a strong base (or vice versa), pH can impact solubility:
Salts of Weak Acids: Salts formed from weak acids and strong bases (like sodium acetate) can
become more soluble in acidic solutions because the added H* ions shift the equilibrium to dissolve
more of the salt to counteract the increase in H*.
Salts of Weak Bases: Salts formed from weak bases and strong acids (like ammonium chloride) can
become more soluble in basic solutions because the added OH™ ions react with the H* ions, reducing
the concentration of H* and shifting the equilibrium to dissolve more of the salt.

Overall :
Increased pH (more basic): Generally increases the solubility of weak acids and decreases the
solubility of weak bases.
Decreased pH (more acidic): Generally increases the solubility of weak bases and decreases the
solubility of weak acids.
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pH effect on solubility (illustration)

» Occurs when one of the ions in the salt is an acid or base Mg(OH), = Mg?* + 20H"
» Occurs when the salt is a conjugated base of a weak acid (BaC,0,, CaCO;, ...)
® |f the anion (A-) of the salt/precipitate is that of a weak acid, the salt/precipitate will dissolve more when in a
strong acid (H+ ions will form HA with AY)
®»However, if the anion of the precipitate is that of a strong acid, adding a strong acid will have no effect on the
precipitate dissolving more.

The stronger the acid, the weaker the conjugate base

A conjugate base of a strong acid (weak base) (e.g. CI") no effect
A conjugate base of a weak acid (strong base) (e.g. 5%) s 1

e.g. How would the addition of HCI affect the solubility of PbCl,? No effect
e.g. Predict the effect on solubility of adding a strong acid? Increase (CaCO; & Ca(OH),), no effect on AgCl

CaCoO,, = Cal'(aq) + CO32'(aq)

AgCl,, = Ag',, + Cly,,

Ca(OH),,, = Ca*, +20H
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A conjugate base of a strong acid (weak base) (e.g. Cl) no effect
A conjugate base of a weak acid (strong base) (e.g. $%) S

e.g. How would the addition of HC| affect the solubility of PbCl,? No effect
e.g. Predict the effect on solubility of adding a strong acid? Increase (CaCO, & Ca(OH),), no effect on AgCl/

Dl 22 50 Y S(PHClo) wabea il 2,518 (g2 LS e ey ) 5185 jael) aes dila) i35 (oS o Jlall Jopnu Sl
Alhsd o 5iliaa 5 Y Ly | 23VL 30L ) il sal) §(CaCO;3 & Ca(OH)2) st alls o o8 (s ddlia) 5l a8 58 Jlal) Ja o
AgCl

CaCo,, = Ca?,  +CO

AgCl,, = Ag',,, + Cl,

Ca(OH),,, = Ca**, +20H

2.
3 (ag)

Example 13
The Ksp value of Mg(OH), is 8.9x10°12,

3 2 Mg(OH), < Mg?* + 20H"™
what is the pH of a saturated solution of e rz =

Mg(OH),? I 0 0
C +3 + 2
E = 2x

K = [Mg2+] [OH™]
89= 1072 = [x][2x]* = 4x*
x = 1.305 = 10—+ =L

[OH] = 2x = 2« 1.305 =« 10~4% = 2.61 = 10—

pH = 14 — pOH = 14 — 3.583 = 10.4
Example 14

What pH is required to just precipitate iron
(I11) hydroxide from a 0.10M FeClI3 solution?

3

Fe(OH)3 = Fe " 4+ 30H
[Fe**JJIOH P = 4 %< 1078
O.DHOH P =4 x 103%
Fe(OH); actually precipitates in acid solution due
3/4 % 1038 to the small K,
— 3 .
[OH ] = ¥ o e 10" M Note: that precipitation generally will not begin
P ; 5 . - s exactly at the calculated pH, as supersaturation
PR = — 08 2o e is needed
pPH=140—-122 = 1.8
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Applications of pH effect on solubility

If imestone (CaCO,) deposit is near surface...sinkhole

Limestone cave in Nerja, Malaga, Spain.
Limestone is mostly CaCO; (K, = 3.3x10°).

Ground water rich in CO, trickles over
CaCO;, causing it to dissolve. This
gradually carves out a cave.

Water containing HCO5" and Ca?*
ions drips from the cave ceiling.
The air has a lower P, than the
soil, causing CO, to come out of
solution. A shift in equilibrium
results in the precipitation of
CaCO; to form stalagmites and
stalactites.

6. Effect of complex-ion formation on solubility

A complex ion forms from a metal ion and a ligand because of a Lewis acid—base interaction. The positively
charged metal ion acts as a Lewis acid, and the ligand, with one or more lone pairs of electrons, acts as a
Lewis base.

When a solute forms a complex ion with a ligand, the solubility of the original solute can increase. This is
often because the complex ion is more stable in solution than the individual ions.

Consider a metal salt like silver chloride (AgCl), which is only sparingly soluble in water. When chloride ions
(CI7) are present, they can form complex ions with silver ions (Ag*) in the presence of a complexing agent
(such as ammonia, NH3).

The complex ion formed [Ag(NH,),;]* can increase the solubility of AgCl in the solution because the
formation of the complex ion effectively reduces the concentration of free Ag* ions, shifting the dissolution
equilibrium of AgCl to dissolve more of the solid.

Practically NH; dissolves only AgCl which has relatively large K, value because the value of K¢ for Ag(NH)**
is small.

The larger the K, value of the salt and the value of K; of the metal complex the more the effect of the
complexing agent on dissolving the salt and vice versa.
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Example 15
Calculate the molar solubility of AgCl (Ksp = 1.8 x10-1°) in pure water and in 3M NH,?

e + -

AgCl, <« Ag® + CI- K, =lag*]ci]
o o :> 1.8= 107 = [x]Ix] = x*2
X <+

mo-
]
"

AE* + 2NH; < Ag(NH3): Kf= 1.6x107
AgCl, < 9@/* +a- Kgp = 1.8x10°1°
AgCl; + 2NHj oy < Ag(NH;)'z"(‘q) 4+ Cl(-‘q) K=Kz g =Kf = 2.9x10°2
I 3.0 0 o
C -2x +X 3
E 3.0-2x = >
[Ag(NH)Z1* [ 1*
=
[NH.12
[x] 1 [x] 1 Note that the solubility of AgCl
29%x10 % = —M8 has been increased due to the
[3.0 — 2x]2 affect of complex-ion
.m formation
The NH, ligand remove Ag" and shifts the equilibrium to the right, increasing the solubility of AgCl a4
o ) i o 15 Jua
¢ NH3 = ¥ e 3 Ay A slall (2 (Ksp = 1.8 x 10710) AgCl < 4ad gal) daily 93l cawal
—_ + -
AgCl, < Ag™+ 0~ Ks'p—[Ag ][cl]
I 0 0 |:> 18+ 107 = [x][x] =
C +X +X
;vé* + 2NH, < Ag(NH;): Kf= 1.6x107
— AT+ Q" Ky = 1.8x10~ %
AgCl; + 2NH; aq) = Ag(NH:) g + Cog, K=Ky »Kf = 2.9x1073
I 3.0 0 0
C -2x +X +X
E 3.0-2x X x
L [Ag(NHy) ' [~
B [NH,]?
[x]* [t J-_I_Jg.ls OL!S_.‘J O' dh=\o
2.9x107% =

3.0 — 22 30 ey 51551 08 dasll
// .Bidwo ubs_li RS

.‘L-‘d-“ sl Aailagd e 3 Laa sl ) G016 Sy AF sl NH3 23S 3
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