Analytical chemistry

The purpose of analytical chemistry is to gain information about
the qualitative and quantitative composition of substances and
chemical species. i.e. To find out what substance is composed of
and exactly how much.
Analytical chemistry plays an important role in nearly all aspects of
chemistry, for example, agricultural, clinical, environmental, forensic,
manufacturing, and pharmaceutical chemistry. The nitrogen content of
a fertilizer determines its value .Foods must be analyzed for
contaminants (e.g. pesticide residues) or vitamin content. The air in
cities must be analyzed for carbon monoxide. Blood glucose must be
monitored in diabetics and most diseases are diagnosed by chemical
analysis.
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1-Qualitative analysis chemistry: 4w gll Ablail) slias!)

Include separation and identification of elements and substances in a
mixture.
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2-Quantitative analytical chemistry: 4agt) Aldatl) pliass]

Quantitative analytical chemistry deals with the determination of how
much of one or more constituents is present in a sample. Based upon
the measurement of a physical property such as weight, volume,
optical, current ..... etc. which is related directly or indirectly to the
amount of the desired constituents (substances determined).
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Methods of quantitative analytical chemistry:
It divided into:

1; Gravimetric methods of analysis.

2; Volumetric methods of analysis.

3; Instrumental methods of analysis.

Gravimetric methods of analysis: Jaladl) & A el il hall

Gravimetric analysis is one of the most accurate and precise methods
of macro-quantitative analysis. From the weight of the precipitate and a
knowledge of its chemical composition, the weight of analyte in the
desired form is calculated
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Steps in Gravimetric Analysis
The steps required in a gravimetric analysis, can be summarized as
follows:
1- Sample dissolution
2- Preliminary treatment
3- Precipitation
4- Digestion
5- Filtration
6- Washing
7- Drying
8- Weighing
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Steps in Gravimetric analysis: (S8l Juladl) &) glad

1- Sample dissolution Adal) 4303
e Drying the sample for 1hr at = 100° C ZAsadll Caal
e Weighing the sample zasall s

e Selecting a suitable solvent for dissolution
elall Jady 3 200000 Cauliall cudal) sl
2- Preliminary treatment of sample solution:-
il Jslaal 4 g¥) Aadlaal
e Preparing suitable condition for precipitation, such as PH-control,
volume of solution and temperature, in order to reduce the solubility

of the precipitate.
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3- Precipitation s il

Addition of precipitant slowly and with shaking to the analyzed substance in
order to form a precipitate of large crystal easily filterable.
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4- Digestion gl
Leaving the precipitate in contact with the mother liquor for a fixed time in
order to grow the small crystals into large crystals easy to filter.
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5- Filtration e Al

Is a process of separating the precipitate produced from the mother liquor
by using filter paper or crucible.
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6- Washing Juadl

This is carried out using a certain liquid in order to eliminate impurities and
any traces of the mother liquor. The liquid used for washing should has the
following properties:

e Easy volatile electrolyte
¢ Not dissolve the precipitate
¢ Not react with the precipitate
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7- Drying or ignition A ) cadall)

The aim of drying is to remove any traces of washing liquid or water
molecules and volatile impurities from the precipitate .This drying can

usually be heating at 110° to 120° C for 1 to 2 hours. Ignition is used to
convert the precipitate form into a chemically stable weighing form, and it
done at a much higher temperature as usually required.
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8- Weighing sl

Using a sensitive balance to determine the quantity of the precipitate.
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Properties of precipitate for gravimetric method

(sl Bl Bl ) al i

1- The solubility of the precipitate should be very low.
o ALB a1 L sd LS (585 O g
2- The weighing form should contain one compound with stable and
known chemical formula.
Ad g a9 A5 AlasS Aapa 4l 2l 5 S e e 3l g sall 3 seall 0585 O g
3- The crystals precipitate must be large enough to be filtered but
not so large as to trap amount of mother liquor.
aS Leilhs (o Gaand sy Taa 3508 e (S Leannd i Jed 3508 &l sll) (585 o) ey
4- The precipitate must be free of contamination by substances
which cannot be removed either by washing or drying process.
aitadl) o) Q) Cilalens Lall ) (Sar Y (Al 5 45 slall al gl (e (A sl JI 0685 () g
5- The precipitate must be stable with the temperature of drying.
il 35l e da )3 die | e Gl ) 55 O ey
6- The precipitating agent should be specific (precipitate the
substance to be determined only).
(Allaall gl La 50 o) yall Balall Jah Cans ya) (A s pall Jaladl (35S 0 ang
7- Small amount of substance to be determined should yield large
weight of precipitate so that weighing error is low.
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Co-precipitation A ldial) i il

Precipitation of the impurities during the time of precipitating the main
analyzed substance.
Al Allaall Balall s 3 (e ) IO ) 8 s

Post — precipitation A G A

Precipitation of impurities after a time of precipitating the main analyzed
substance.
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Is the decomposition of a colloidal precipitate such as Fe(OH)5.xH,O0 if
it is washed with unsuitable electrolyte solution.
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Calculations in gravimetric analysis ogh  Jaadl B cllaal)

Atomic or molecular weight of substance detemind
Molecular weight of the precipitate

308all Balal - el o4 o) oA ool

Gravimetric factor =

, = o5 Jdaladl
5 sall saladl )l I Sl (54 )
Substance detd. Subs. ppted. or weighed gravi. F
5,3l 3aLall g5 sall o) A siall 5Ll sl Jalall

S0, * BaSo0, M.wt.ofS0;*
M.wt.of BaSO0,
Cl™ AgCl at.wt.of Cl”
M.wt.ofAgCl
Fe Fe,0, 2 X at.wt.of Fe

M. wt. 0fF€203

Al Al, 04 2 X at.wt.of Al
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Ex 1:
In the analysis for chloride, the sample weight 0.8732g and the AgCl
precipitate from the sample weighted 1.0292g. Calculate the percent
(%) of chloride in the sample.
A zigalll e Al a5 il sy a2 0.8732 ziselll s oS KN Jalas
gasalll (8 ) SIS gl Al sl a2 1.0292
Sol:

at.wt.ofCl 35.5
M.wt.ofAgCl 107 + 35.5
Weight of Cl~ = weight of preciptate (AgCl) X gravemetric factor

= 1.0292 x 0.2474
= 0.2546g of Cl~
weight of Cl _0.2546
weight of sample 100= 0.8732

= 0.2474

Gravimetric factor =

%Cl~ = X 100 = 29.66%Cl

Ex 2:
A sample containing phosphorus weighing 0.703g was dissolved and the
phosphorus was precipitated as magnesium ammonium phosphate
(MgNH,PO,) and was ignited as magnesium pyrophosphate (Mg,P,0-) and
its weigh was 0.432g. Calculate the percent of (%) of phosphorus in the
sample.
Sol:
2 X at.wt.of p

M.wt.of Mg2p207

_ 2 %309

- 2X5494+2x%x309+7x16

= 0.278
Weight of P = wt.of ppt.X G.F.

Gravimetric Factor of P =

sl daladl x il I = Hssadll g
= 0.432 x 0.278 = 0.12006g
wt.ofp ~0.12006

9 P = X 100 =
%o of wt.of sample 00 0.703

x 100 = 17.07% of P
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HomelVolik{

A sample containing sulphate (50;% ) weighing 0.321g was
dissolved the sulphate was precipitated as (BaS0,) barium
sulphate and weigh 0.0979g. Calculate the percent (%) of S0;*
and (%) of Sin the sample.
At. Wt.of S=32 ,Ba=137.34 , O=16 gm/mole
Sol: % of SO4% = 12.46 %
% of S = 4.153 %

Kinds of the precipitating Methods:

1- Formation of a precipitate by adding a precipitants; and these
divided into two kinds :-
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a- Inorganic precipitant

Such as;Cl~, SO, %, NH; , H,S etc.

Examples:
1- Cl™ + AgNO; —> AgCl |
Chloride ion  silver nitrate silver chloride (ppt)

2- S0;% + BaCl, — BaSo, |

Sulphate Barium chloride Barium sulphate
3- NH; .0y + Fe_+3_ — Fe(OH),
Aqueous ammonia Ferric ion Ferric hydroxide

o~
_— Fez 03 Jr
Ferric oxide

4- H,S + Cd*? — cds |
Hydrogen sulphide Cadmium ion Cadmium sulphide
b- Qrganic precipitant hapae Gl s

There is a large number of organic compounds that are very useful as
precipitating agents for metals such as DMG, Oxine (8-Hydroxy

Quinoline), EDTA (Ethylene diamine tetra acetic acid) ........ etc.
l' Ni+2 + | —_— Nl - DMG J’(PPT)
Nickelion CH; —C = NOH (DMG)Dimethylglyoxime
Al —8H.Q.l
_A]+3 +2
2- Al™or Mg™ + —)Mg—8H.Q.l

8 — hydroxy quinoline
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2- Electro deposition BT SR
The desired constituent is isolated at an electrode by passage of
current.
If the weight of the electrode is taken before and after the plating
process, the difference in weight corresponds to the amount of the
desired constituent.
OJs Gy Ladie 5 ¢ LSl Ll i) JAA e 8y aad e Jad 4y sthaall o) sall
A pall ol (535 A xe )80 B8 A e Laie (Saiin il ddee 225 J8 ladll
3-Volatilization oA
The sample is decomposed by a known stoichiometric reaction in which
one of the product is volatilized. The difference in weight before and
after volatilization indicate the amount of vaporized constituents. The
weight loss is due to decomposition of compound.
a5 dB OOsl B 5 DA il aal Lgds 4By 4 gene il ke zasadll ey Lia
o adid) sald) o Udaat Al dlee
heat

CaCO; — CaO + co, T
Calcium carbonate Carbone oxide Carbone dioxide
(Solid, s)
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Volumetric methods of analysis Jaladl) A dranall il k)

Involve measurement of the volume of titrant that is equivalent to the
analyze substance by a process called (Titration). In titration one of the
reactants is prepared as a solution of known concentration and is called
(Titrant).
A stoichiometric reaction between the titrant (in the burette) and the sample
(in the flask) is reached and detected by either indicators or instrumental
method of analysis.
st sl lee 3 pmsadl) end Dleny Alaall 53Lall (8K sl pas (el dlee (panals
& gl madl Gl (massdll) oy Janally aglae 5S 5 53 JslaaS madll 3l ge (gaal
Oslaas amdl Gn 53885 Jelil Joany  mmaill (3550 8 Jlaall z35alll Jslae ) dalaud)
Gub b ) i di¥a pladiul (equivalent point) el dasi e ol g Jlaall 23 gail)
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Types of volumetric Titrations

1- ACID- BASE titration : Many compounds, both inorganic and
organic, are either acids or bases, can be titrated with a standard
solution of a strong base or a strong acid. The end points of these
titrations are easy to detect, either by means of an indicator or by
following the change in pH with a pH meter.
el @ gl el sa Lal o Ay gazanll g 4 saae D) LS el (e a1 ae ) 8l 5 (aal gal) Cilagas
Ol 8 el ) Bl QU JBA e Jeliil) dles Adads 48 jra s 4apulid Jillaas Leanand (ISaYL 5

Example:
CH;COOH + NaOH —— C(CH3;CO0ONa + H,0
Aceticacid Sodium hydroxide Sodium acetate
HCl + NaOH — NaCl + H,0

Hydrochloric acid Sodium hydroxide sodium chloride
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2- PRECIPITATION titration : G Al Clagad
IN the case of precipitation, the titrant forms an insoluble product
with the analyte. An example is the titration of chloride ion with
silver nitrate solution. Again, indicators can be used to detect the
end point, or the potential of the solution can be monitored

electrically.
el JEall 3 LS clelidat o jall oolal) pe 4l e gl 3 06y eI () e il s 3
_oUJ\
Examples:
cl~ AgNO; AgCll
Chloride ion + silver nitrat ——— silver chloride
RSPVNIISPY dadl) &l dzadll ) i<
-2
S04 _ BacCl, — BaSo, |
Sulphate ion : : .
. barium chloride barium sulphate
(Titrant)

3- REDUCTION — OXIDATION titration — I3 g 8usY) cilagad
These "redox" titration involve the titration of an oxidizing agent with a
reducing agent, or vice versa. An oxidizing agent gains electrons and a
reducing agent loses electrons in a reaction between them.
Appropriate indicators can be used for these titrations, or various
electrometric means can be detect the end point.

Joany 28 5all Jalall s cpu€ally ol J jide Jale g aee 1S 50 Jule pnusd ot Clagail) o34
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Examples:
5Fet3 + Mn*? + 4H,0 — 5Fe*? + MnO,; + 8H™
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6Fet? + Cr, 052 + 14H* —— 6Fe*3 + 2Cr*3 + 7H,0

Potassium dichromate
(Titrant)

4- Complexometric titration : diral) (4 o< o
In complexometric titration, the titrant is a complexing agent and
forms a water—soluble complex with the analyte, a metal ion. The
titrant is often a chelating agent (type of complexing agent that
contains two or more groups capable of complexing with a metal
ion). EDTA is one of most useful chelating agents used for titration
o slally Caild e (5505 lie o) saiad dale g sl Gl cdirall (4 oS5 Cilagad (8
NN gl ) Lelda o) gl saldll
Example:
M*? +
HOOC —CH, | / CH,COOH
N—-CH,—CH,—N — M — EDTA
HOOC — CH, ' \' CH,CcO0H complex
Ethylene diamine tetra acetic acid (EDTA)

Instrumental methods of analysis: s Y Jladl) g ok
1- Optical methods s 4 pad) 5k

Based on how the sample acts toward electromagnetic radiation such as
UV (ultraviolet), IR (infrared). The analysis substance either absorb or
emitted radiation and measurement of the absorbed or emitted radiation
which is related to the concentration of the analyzed substance. The
instrument used for such measurement is called spectrophotometer.
S UV domdiy 3 5il) 423 Jie dpundaline 5 5eS0 4iY) pe dllaall 3ol (o joad 488 o aaind
o) duaiadl dadV) AeS W8 Cpes Al Caed ) Alladdl 30l (aiad R 6l e candll dedY)
Glhaally 3okl o2 8 aadiuall leall ey Allaall salall 35 A8 e Ky dagiall
Spectrophotometer
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2- Electrical methods of analysis : Jaladl) L Ayl el (5 phall

Involve electric instruments that used to measure or produce electric

phenomenon. Such as current, potential or conductance which are related
to the reaction take place or are causing a reaction to take place.

Jauasill 5 agall o) il Jie 40 S 3 jalla it ol (i Al 400 )68 3 jea) aladin) el
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potentiometry (6 S 52 3l ) agad) (palh
polarography (SN sl) Ll uld (3 g

conductometry (g sisIa 8ll) (b 4l S s} (il 35k
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