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Analytical Chemistry

Analytical Chemistry&its importance

first grade

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. (1st grade)
(2) Gravimetric analysis: usually involves the selective separation of
the analyte by precipitation, followed by the very nonselectivemeasurement of mass (of the precipitate). (2nd 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). (4th
grade)
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ارﺷﺎدات ﻣﺧﺗﺑرﯾﺔ ﻣﮭﻣﺔ

ﻋﻠﻰ اﻟﻄﺎﻟﺐ ﻗﺮاءة ھﺬه اﻟﺘﻌﻠﯿﻤﺎت واﻟﻘﻮاﻋﺪ ﺑﺪﻗﺔ واﻻﻟﺘﺰام ﺑﮭﺎ ﺿﻤﺎﻧﺎ ً ﻟﺴﻼﻣﺘﮫ
وﺳﻼﻣﺔ زﻣﻼﺋﮫ اﻟﻄﻠﺒﺔ واﻟﻌﺎﻣﻠﯿﻦ ﻣﻌﮫ ﻓﻲ اﻟﻤﺨﺘﺒﺮ ﺑﻐﯿﺔ اﻟﺘﻮﺻﻞ اﻟﻰ اﻟﮭﺪف اﻻﺳﺎﺳﻲ
ﻣﻦ دﺧﻮﻟﮫ اﻟﻤﺨﺘﺒﺮ وﺣﺼﻮﻟﮫ ﻋﻠﻰ اﻓﻀﻞ اﻟﻨﺘﺎﺋﺞ وأﻋﻠﻰ اﻟﺪرﺟﺎت وﺗﺤﻘﻖ اﻻﺳﺘﻔﺎدة
اﻟﻔﻌﻠﯿﺔ ﻣﻦ وﻗﺖ اﻟﺤﺼﺔ اﻟﻤﺨﺘﺒﺮﯾﺔ راﺟﯿﻦ ﻣﻦ طﻠﺒﺘﻨﺎ اﻻﻋﺰاء ﻋﺪم ﻣﺨﺎﻟﻔﺘﮭﺎ أو
اﻻﺳﺘﮭﺎﻧﺔ ﺑﮭﺎ.
–1اﻻﻟﺘﺰام ﺑﺎرﺗﺪاء اﻟﺼﺪرﯾﺔ وذﻟﻚ ﺣﻔﺎظﺎ ً ﻋﻠﻰ ﻧﻈﺎﻓﺔ ﻣﻼﺑﺴﻚ وﻋﺪم ﺗﻠﻔﮭﺎ وﺗﻠﻮﺛﮭﺎ
ﺑﺎﻟﻤﺤﺎﻟﯿﻞ واﻟﻤﻮاد اﻟﻜﯿﻤﯿﺎﺋﯿﺔ وارﺗﺪاﺋﮭﺎ ﺑﺪاﯾﺔ دﺧﻮل اﻟﻤﺨﺘﺒﺮ.
 –2وﺿﻊ اﻟﺤﻘﺎﺋﺐ و اﻟﻜﺘﺐ واﻟﺴﺠﻼت اﻟﺘﻲ ﺗﺨﺼﻚ ﻓﻲ اﻻﻣﺎﻛﻦ اﻟﻤﺨﺼﺼﺔ ﻟﮭﺎ
ﺑﻌﯿﺪا ً ﻋﻦ ﻣﻮﻗﻊ ﻋﻤﻠﻚ وﻻ ﯾﻜﻮن اﻣﺎﻣﻚ ﺳﻮى اﻟﻤﻠﺰﻣﺔ اﻟﻤﺨﺘﺒﺮﯾﺔ ودﻓﺘﺮ ﺧﺎص
ﻟﺘﺴﺠﯿﻞ اﻟﻨﺘﺎﺋﺞ واﻟﻤﻼﺣﻈﺎت اﻟﺨﺎﺻﺔ ﺑﺎﻟﺘﺠﺮﺑﺔ.
 –3ﻋﺪم اﻟﻌﺒﺚ ﺑﺎﻻﺟﮭﺰة واﻻدوات اﻟﺘﻲ ﻻ ﺗﺤﺘﺎﺟﮭﺎ.
 –4اﻟﻌﻨﺎﯾﺔ ﺑﺎﻟﻨﻈﺎﻓﺔ ﻣﻦ اﻟﺼﻔﺎت اﻟﻲ ﯾﺠﺐ أن ﯾﺘﺤﻠﻰ ﺑﮭﺎ ﻛﻞ ﻣﺤﻠﻞ ﻛﯿﻤﯿﺎﺋﻲ.
 -5ﺗﺠﻨﺐ ﻟﻤﺲ اﻟﺠﻠﺪ أو اﻻﻧﻒ أو اﻟﻔﻢ أو اﻟﻌﯿﻦ اﺛﻨﺎء اﻟﻌﻤﻞ اﻻ ﺑﻌﺪ ﻏﺴﻞ اﻟﯿﺪﯾﻦ ﺑﺎﻟﻤﺎء
واﻟﺼﺎﺑﻮن.
 –6ﻋﻨﺪ ﻓﺘﺢ ﻏﻄﺎء ﻟﻘﻨﯿﻨﺔ ﻣﺎدة ﻛﯿﻤﯿﺎﺋﯿﺔ ﯾﺠﺐ ان ﯾﻮﺿﻊ اﻟﻐﻄﺎء ﺑﺸﻜﻞ ﻣﻘﻠﻮب ﻋﻠﻰ
اﻟﻤﻨﻀﺪة ﻟﻀﻤﺎن ﻋﺪم ﺗﻠﻮﺛﮫ وﺗﻠﻮث اﻟﻤﻨﻀﺪة.
 -7ﻋﺪم اﺳﺘﻌﻤﺎل ﻣﻠﻌﻘﺔ ﻣﺎدة أو ﻗﻄﺎرة ﻣﺤﻠﻮل وادﺧﺎﻟﮭﺎ ﻓﻲ ﻣﺤﻠﻮل اﺧﺮ ﺗﺠﻨﺒﺎ ً ﻟﺤﺪوث
ﺗﻠﻮث اﻟﻤﺎدة أو اﻟﻤﺤﻠﻮل اﻻﺧﺮ.
 -8ﻋﻨﺪ ﺳﺤﺐ ﻣﺤﻠﻮل ﻣﻦ ﻗﻨﯿﻨﺔ أو اﺧﺬ ﻣﺎدة ﺻﻠﺒﺔ ﻻ ﯾﺠﻮز ارﺟﺎع اﻟﻔﺎﺋﺾ اﻟﻰ ﻧﻔﺲ
اﻟﻘﻨﯿﻨﺔ اﻻﺻﻠﯿﺔ اﻧﻤﺎ ﺗﺨﺰن ﻓﻲ ﻗﻨﯿﻨﺔ اﺧﺮى أو ﺗﮭﻤﻞ.
 -9ﻋﻨﺪ اﻟﻮزن ﯾﺠﺐ اﺳﺘﻌﻤﺎل ﻗﻨﯿﻨﺔ وزن أو دورق ﺻﻐﯿﺮ ﻧﻈﯿﻒ وﺟﺎف واﺣﺮص
ﻋﻠﻰ أن ﯾﻜﻮن اﻟﻤﯿﺰان اﻓﻘﯿﺎ ً.
 -10ﻋﺪم اﺳﺘﻌﻤﺎل اي اداة زﺟﺎﺟﯿﺔ ﻗﺒﻞ ﺗﻨﻈﯿﻔﮭﺎ ﺟﯿﺪاً وﻏﺴﻠﮭﺎ ﺑﺎﻟﻤﺎء اﻟﻤﻘﻄﺮ وﺗﺠﻔﯿﻔﮭﺎ.
 – 11ﻋﻨﺪ ﺳﻘﻮط ﻣﻮاد ﻛﯿﻤﯿﺎﺋﯿﺔ ﻋﻠﻰ اﻟﯿﺪ او اﻟﻤﻼﺑﺲ ﯾﺠﺐ ﻏﺴﻠﮭﺎ ﺑﺄﻛﺒﺮ ﻛﻤﯿﺔ ﻣﻦ
اﻟﻤﺎء.
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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- Identification of groups by the certain reagent.
2- Identification 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
agent

Ions
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Groups
Group I

AgCl, Hg2Cl2, PbCl2

HgS, pbS, Bi2S3, CuS, CdS

3M HCl

IIA= (Cu+2, Hg+2 , Pb+2,
Bi+3, Cd+2)
H2S + 0.3M HCl
ﻣﺠﻤﻮﻋﺔ اﻟﻨﺤﺎس

As2S3, Sb2S3, SnS2, SnS

Cr(OH)3,
Fe(OH)3

Al(OH)3,

MnS, ZnS,NiS,CoS

+2
Ag+1 , Pb+2, Hg
2
ﻣﺠﻤﻮﻋﺔ اﻟﻔﻀﺔ

NH3+ NH4+1

IIB =( As+3 , Sb+3, Sn+2,
Sn+4)
ﻣﺠﻤﻮﻋﺔ اﻟﺰرﻧﯿﺦ
IIIA=( Fe+3, Cr+3,Al+3)

Group II

Group III

ﻣﺠﻤﻮﻋﺔ اﻟﺤﺪﯾﺪ
H2S+NH3+ NH4+1

IIIB =( Zn+2, Mn+2,
Ni+2, Co+2)
ﻣﺠﻤﻮﻋﺔ اﻟﺰﻧﻚ
Group IV

Ba(PO4)2, Sr3(PO4)2 ,
Ca3(PO4)2, Mg(NH4)PO4

(NH4)2HPO4

ﻻ ﯾﻮﺟﺪ ﻛﺎﺷﻒ ﻣﺮﺳﺐ ﺧﺎص ﺑﮭﺬه اﻟﻤﺠﻤﻮﻋﺔ ﺣﯿﺚ
أن ﻟﻜﻞ اﯾﻮن ﻛﺎﺷﻔﮫ اﻟﺨﺎص ﺑﮫ

Ba+2, Sr+2, Mg+2Ca+2,
ﻣﺠﻤﻮﻋﺔ اﻟﻜﺎﻟﺴﯿﻮم
Na+2, K+1, NH+1
ﻣﺠﻤﻮﻋﺔ اﻟﻌﻨﺎﺻﺮ اﻟﻘﻠﻮﯾﺔ

Group V
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Experiment no (1)
Separation and Analysis of First Group
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(, Pb+2Ag+1, Hg+𝟐𝟐)
+1

+2

𝟐𝟐

Group I consists of Silver Ag , Lead Pb , and Mercurous(Mercury) Hg
+2
2 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+1, Hg+𝟐𝟐and Pb+2 are
𝟐𝟐

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, PbCl2, and
Hg2Cl2) formed as shown in the equations below:
Ag+1
Pb+2

+ HCl →AgCl
+ HCl → PbCl2

Hg+2 + HCl →
2

Hg2Cl2

Procedure:
1- Transfer 1 ml of the mixtureto test tube then add 3 drops of diluted.
HCl (3M).
2- Stir the mixture and put it in the centrifuge (2 min) then separatethe
filtrated from the precipitate.
3-Add to the filtrate1 drop of dilutedHCl.
4-The precipitate containsAgCl,PbCl2,Hg2Cl2 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 K2Cr2O7 to hot filtrated while contains Pb+2,Cl- ( yellow ppt.).
B: Add (NH4OH) to ppt. then dissolve AgCl( black ppt.).
C: Add diluted HNO3 the precipitate AgCl.
D: dissolve the ppt. of Hg2Cl2 in the ( aquaregia ) then add SnCl2
(white ppt. ) then change to gray after addingan excess of SnCl2.
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MIXTUR
3M HCl

1-3 drops

sepration

Hg2Cl2,AgCl,PbCl2

Filt.

White ppt.

Group 2,3,4,5

1-3 drops hot water
and heating in water bathe 1-2 min

Separation

Hg2Cl2,AgCl

PbCl2

White ppt.

NH4OH

K2CrO4

1-3 drops
PPT.

Separation

Hg0 + HgNH2Cl
HCl : HNO3

1-3 drops
with heating

Filt.

Ag(NH3)2Cl
1-3 drops

HNO3

HgCl2
SnCl2

And wait1-2 min

White ppt.
5-10 drops
SnCl

Hgo

AgCl
White ppt.

Hg2Cl2
2

PbCrO4
Yellow ppt.

3:1

1-3 drops

Filt.
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