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Analytical Chemistry first grade

Analytical Chemistry&its importance

The science seeks ever improved meansof measuring the chemical
composition of natural and artificial materials by using techniques to
identify the substances which may be present in a sample and to
determine the exact amounts of the identified substance. Analytical
chemistry involves the analysis of matter to determine its composition
and the quantity of each kind of matter that is present. Analytical
chemists detect traces of toxic chemicals in water and air. They also
develop methods to analyze human body fluids for drugs, poisons, and
levels of medication.

Analytical chemistry can be classified into:

(A) Qualitative analysis which deals with the identification of elements,
ions, or compounds present in a sample (tells us what chemicals are
present in a sample).

(B) Quantitative analysis which is dealing with the determination of
how much of one or more constituents is present (tells how much
amounts of chemicals are present in a sample). This analysis can be
divided into threemain branches:

(1) Volumetric analysis (Titrimetric analysis): The analyte reacts with
a measured volume of the reagent of known concentration, in a process
called titration. (1* grade)

(2) Gravimetric analysis: usually involves the selective separation of
the analyte by precipitation, followed by the wvery non-
selectivemeasurement of mass (of the precipitate). (2" grade)

(3) Instrumental analysis: They are based on the measurement of a
physical property of the sample, for example, an electrical property or the
absorption of electromagnetic radiation. Examples are spectrophotometry
(ultraviolet, visible, or infrared), fluorimetry, atomic spectroscopy
(absorption, emission),mass spectrometry, nuclear magnetic resonance
spectrometry (NMR), X-ray spectroscopy (absorption, fluorescence). (4"
grade)
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Qualitative Analysis

Separation of ions to groups and identification
Identification steps at first time to groups by certain reagent and then
detection each ion in group:

1- ldentification of groups by the certain reagent.
2- ldentification of each ion in the group by a special reagent.

Properties of reagents used in the detection and separation of ions of
different groups from each other:

1- Abilities to precipitate ions of group which belong to it from the
mixture.

2- The reagent must be a pure precipitate with the element ions
belonging to its group without ions from another group.

3- The resulting precipitate must be easily separated from the other
ions in solution

4- Reagent must be stable, easily to have it and low cost.

Analysis ofCations

Several methods for analysis of cations for metals were used

descriptively.

The cations covered in this course will be restricted will include:to
thoseof silver, lead, mercury, copper, bismuth, cadmium, arsenic, tin,
antimony, iron, manganese, cobalt, nickel, zinc, aluminum, chromium,
barium, calcium, strontium, magnesium, sodium, potassium, and

ammonium.

The outline will describe the method of precipitating and .analyzing each

group. To analyze a general unknown.
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Precipitates of group Precipitation lons Groups
agent
Group |
AgCl, Hg,Cl,, PbCl, 3M HCl Ag™, Pb'? Hg*?
iadll de sana
Hgs, pbS, Bi,S; CuS, CdS 1A= (Cu™? Hg'”, Pb™, | Group I
Bi+3, Cd+2)
H,S + 0.3M HCI oilaill de sane
As,S3, Sb,S; SnS, SnS
2o% TRems IIB =( As*®, b3, sn*2,
Sn+4)
gain W de gana
Cr(OH)s, Al(OH);, | NHa+ NH/T [ 1IA=(Fe™, Cre,AI®) | Group IiI
Fe(OH)g "
paallde sane
] HoS+NHa+ NH,* 1B =( Zn*?, Mn*?,
MnS, ZnS,NiS,CoS Ni*2, Co*)
il de sana
Group IV
Ba(PO,)2, Sr3(PO4);, 2 Q2 N g 22
' (NH4),HPO Ba™“, Sr'e, Mg “Ca™,
Cag(PO4)2, Mg(NH4)PO4 472 4 LT E S
¢ua de gaaall 03y ald i e ailS 2 g Y Na*, K™, NH™ Group V

4 el Al 48iS 5 gl JS
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Experiment no (1)
Separation and Analysis of First Group
(’ Pb+2Ag+1, H9+22)
Group | consists of Silver Ag*?, Lead Pb* 2, and Mercurous(Mercury) Hg

,** and these ions are common of this group.
The chemical characteristics of the metals to be considered in this course

shows that the chlorides of the three ions, Ag™, Hg*'zzand Pb*? are

insoluble whereas those of the other cations are soluble. It is possible,
therefore, to separate these three metals from the others in a general
unknown by adding CI" to the solution to precipitate the chlorides of
lead, silver, and mercurous.

These ions are precipitated by the use of an acid solution of hydrochloric
acid at a concentration of (3 M), these precipitations (AgCl, PbCl,, and
Hg,Cl,) formed as shown in the equations below:

Ag" + HCl —AgCl
Pb*> + HCI — PbCl,

Hg*? + HCl — Hg,Cl,

Procedure:

1- Transfer 1 ml of the mixtureto test tube then add 3 drops of diluted.
HCI (3M).
2- Stir the mixture and put it in the centrifuge (2 min) then separatethe
filtrated from the precipitate.
3-Add to the filtratel drop of dilutedHCI.
4-The precipitate containsAgCI,PbCl,,Hg,Cl, which are white precipitate.
5- Add 1 ml of hot distilledwater then transfer to water bath (1-2 min).
6- Transfer the test tube to centrifuge while it'shot, separate the filtrated
from the precipitate.
7- Each ion will be identified by adding the specific reagent:
A: Add K,Cr,0; to hot filtrated while contains Pb*2,CI" ( yellow ppt.).
B: Add (NH4OH) to ppt. then dissolve AgCI( black ppt.).
C: Add diluted HNO; the precipitate AgCI.
D: dissolve the ppt. of Hg,Cl, in the ( aquaregia ) then add SnCl,
(white ppt. ) then change to gray after addingan excess of SnCl..
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MIXTUR

1-3 drops 3M HCI

He,Cly AgClPbCl: |

sepration

l

Filt.
White ppt. ﬁ GI‘OUp 2,3,4,5
1-3 drops hot water l
l Separation Filt. l
ngClz,AgCl 1
White ppt. Pbc 2
NH,OH
1-3 drops l KaLrOs
PPT. l Separation l Filt. ¥
0
[Hg +| HgNH_CI Ag(NH,),Cl PbCro,
Yellow ppt.
1-3 drops HCI : HNO3
with heating 1-3drops | HNO;
3:1
HgCIZ
1-3drops| SnCl, AgCI
And wgjtl-2 min White ppt.
H92C|2
White ppt.

5-10 drops snCl,

Hg°
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| 2HCI + Hg?2 e Hg:CL + 2H* |

General detection equations
HCl + Agt — 5 AgCr + H'

Al ase sl

T

2HCI + Pb*? 3 PbCL +2 H*

Detection equations of A g+ ion confirmation Al oy gt SN BN P laa

AgCl + NH: ——3 [Ag(NH3):]*Cl
[Ag(NIL),]*CF + HNO; —> AgCl 'L + NILNO,

Addition of ammonia &Y Al Aldaa

Equation adition of aqua ragia = oSl slall ddlial dlslas

Hg" + HCl + HNQO; o——p HgChL +NO + H;O
(HgNH,Cl +  HCl +HNOy ——3 HgCh +NO + HiO +N

Detection equations of Hg;” ion confirmation ~ Hgj® () 48Ul disl odlas

HegCl, + SnCl, —>» HgChL -+ SnCly |

HgCl, L SuCl, _)m¢ . SnCl

Detection equations of Pb* ion confirmation gabuadi ¢ et a8l CBAEH el

[ Pb+2




