Analytical Chemistry  Lecture 1 Dr. Ruba Fahmi Abbas

Analytical Chemistry: The science seeks ever improved means of measuring
the chemical composition of natural and artificial materials by using techniques
to identify the substances which may be present in a material and to determine
the exact amounts of the identified substance.
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Analytical chemistry consists of 4l g g )ill Ao Auldasl) cpadas
(A) Qualitative analysis which deals with the identification of elements, ions, or
compounds present in a sample (tells us what chemicals types are present in a
sample).
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(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 three branches:
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(1) Volumetric analysis (Titrimetric analysis): The analyte reacts with a
measured volume of reagent of known concentration, in a process called titration.
(1st grade)
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(2) Gravimetric analysis: usually involves the selective separation of the analyte
by precipitation, followed by the very non-selective measurement of mass (of the
precipitate). (2nd grade)
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(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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Examples of MCQ questions:

1. Analytical chemistry is broadly divided into which two main

categories?

*a) Qualitative and Quantitative Analysis

* p) Gravimetric and Volumetric Analysis

* ¢) Instrumental and Titrimetric Analysis

* d) Organic and Inorganic Analysis




Analytical Chemistry  Lecture 1 Dr. Ruba Fahmi Abbas

2. Which of the following is a type of quantitative analysis?
* a) Gravimetric Analysis

*b) Volumetric Analysis (Titrimetric Analysis)

* ¢) Instrumental Analysis

*d) All of the above are types of quantitative analysis

4. Analytical chemistry is concerned with:

* a) The synthesis of new compounds.

* D) The study of the properties of matter.

*¢) The measurement of the chemical composition of substances.

* d) The development of new laboratory techniques.

5. Qualitative analysis deals with:

*a) The amount of a substance present in a sample.
*b) The identity of a substance present in a sample.
* ¢) The physical properties of a substance.

* d) The chemical reactions of a substance.

6. Quantitative analysis deals with:

* a) The identity of a substance present in a sample.
*b) The amount of a substance present in a sample.
* ¢) The physical properties of a substance.

* d) The chemical reactions of a substance.
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Solutions
Solution: Homogeneous mixture of two or more substance produce from
dissolved (disappeared) solute particle (ions, atoms, molecules) (lesser amount)
between solvent particle (larger amount).

Solute (lesser amount) + Solvent (larger amount) ——Solution
NaCl(s)+H20(l)—Salt Solution
Concentrated Solution has a large amount of solute.

Dilute Solution has a small amount of solute.
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Solvent
Gas Liquid Solid
Gas Oy 1n Nyg), Air COyq in H,0p, Soda  Hy in Pdg, H, catalyst
Alcoholy in H,0y), Hgg in Agy, Dental
Martini filling
Dust air, Smoke NaCl in H,0p), salt
industry water, saline sol.

Solute

Liquid Perfume

Solid Zn1n Cugg, Brass alloy
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Classification of solutions according to amount of solute:
rldal) dsasS i Jullaal) Ciiiial
(1) Unsaturated solutions: if the amount of solute dissolved is less than the
solubility limit, or if the amount of solute is less than capacity of solvent.
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(2) Saturated solutions: is one in which no more solute can dissolve in a given
amount of solvent at a given temperature, or if the amount of solute equal to
capacity of solvent.
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(3) Super saturated solutions: solution that contains a dissolved amount of

solute that exceeds the normal solubility limit (saturated solution). Or a solution
contains a larger amount of solute than capacity of solvent at high temperature.
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Classification of solution based on solute particle size:
rldal) (GiBs aaa e alaie YU Jullaal) ciiial
(1) True solution: A homogeneous mixture of two or more substance in which
substance (solute) has a particle size less than 1 nm dissolved in solvent. Particles
of true solution cannot be filtered through filter paper and are not visible to naked
eye (NaCl in water).
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(2) Suspension solution: heterogeneous mixtures which settles on standing and
its components can be separated by filtrating (Amoxcycilline Antibiotics),
particle of solute visible to naked eye.
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(3) Colloidal solution: homogeneous mixture which does not settle nor are their
components filterable, solute particle visible with electron microscope (milk).
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Stoichiometric Calculations
dadi<ial) cilibeaal)

Mole concept: This is Avogadro's number (6.022x 10%%) of atoms, molecules,
ions or other species.
sl A Jia) salall Gl (e s 5 6.022% 102 (6 st 33l e ) 1 Jsall 1 J gl p sga
soka sl 2323 6,022 107 a8 1 el (<li sV 5f iy 3l

Gram atomic weight (gAw some time Awt): Is the weight of a specified number
of atoms of that element (contains exactly the same number of atoms of that
element as there are carbon atoms in exactly 12g of carbon 12 (this number is
Avogadro’s number = 6.022x10% atoms).
S e me 220 e (gsing g ol gl | paie peaiall (A1 ¢ 5511 g ol A1) ) 0351
1 (6.022% 107%)) 538 sbl 230y cansal

We can say one mole of carbon-12 (C-12) atoms has 6.022 x 10% atoms and a

mass of 12 grams
pl & 12 AliS g =53 6.022x10%° g sing =12-¢s S (C-12) 8,3 dsa l

1 mol = 6.022x1023 atoms

C-12 i

12g carbon
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The atomic mass  of any element expressed in grams contains 1 mol of atoms of that element.

ELEMENT ~ Atomic  Molar Mass Moles Number of Atoms

mass
C- Carbon 12 129 1 mol Carbon atoms 6.022 x 102 carbon atoms
Na- Sodium 23 23¢g 1 mol Na atoms 6.022 x 108 Sodium atoms

Gram molecular weight (gMw some times M.wt): Defined as the sum of the
atomic weight of the atoms that make up a molecular compound.
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Gram formula weight (gFw some time F.wt): The sum of the atomic weight of
the atoms that make up an ionic formula.

(is the more accurate description for substances that do not exist as molecules but
exist as ionic compounds e.q strong electrolytes-acids, bases, salts). Sometimes
use the term molar mass (Molecular weight, M.wt) in place of gram formula
weight, gFw).
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Bda ) gal)

g ht
Mole = ——-=0 25 (0)

Formula weig ht (mogle )

weig ht (mg)

mmole = r

mmole

Formula weig ht (.

Mole= 1000 mMole

g= 1000 mg

No. Molecules = No. moles x Avogadro number

A.wt=M.wt=F.wt= -L- =

@ Pl (Fal 005 oA Ol Slas

mg

mol mmol

Solution:
M.Wt of Na,WO,= (2 * 23) + 183.84 + (4 * 16.00) = 293.82 g/mol

Example (1) :-Calculate the number of grams in one mole of CaSO4.7H20
(calculate gram molecular or formula weight).

Solution: One mole is the formula weight expressed in grams. The formula
weight is (Ca=40.08; S=32.06; O=16.00; H=1.01)
CaS04.7H20=40.08+32.06+(16.0x4)+7[(2x1.01)+16.00]=262.25 g/mol

Example (2):-Calculate the number of moles in 500 mg Na,WO,?
(Na= 23 g/mol, W= 183.84 g/mol, O= 16.00 g/mol)

o (g=1000 mg) alall ;s s

500

1000~ 29

— 259~ 0.0017 mol
293.8 (

mole )

e Mole =
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Example (3): How many molecules are contained in 25.0 g H2? (H= 1 g/mol)

Solution:
M.Wt of H, =2*1=2 g/mol

Mole Hy= 7% = 12.5 mol

mole

No. Molecules = No. moles x Avogadro number

=12.5%6.022x10%=7.52x10* molecule

How many milligrams are in 0.250 mmole Fe,Os (ferric
oxide)? (Fe= 55.84 g/mol, O= 16 g/mol)

Solution:

e M.Wt of Fe,O3 =(55.84*2)+(16*3)=159.68 mg/mmol

weig ht (mg)
Formula weig ht( g )

mmole

e Mole =

wt . _
0.25 mmol =159.08 mg /mmol ) Wt=39.92 mg
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Example (5):-Find the number of Na* ions in 2.92 g of Na;PO4? (Na
23 g/mol, p =31 g/mol, 0=16 g /mol)
Solution:

e M.Wt of Na;PO4 =(23*3)+31+(16*4)=164 g/mol

¢ Mole (Na3PO4) = — ¥t (9) 2920) _— (.0178 mol

Formula weig ht (mL) - 164( g )

ole mole

NagPO4 S sall &Y 50 7 aiud da slaall 038 (30 NagPO4 S el ()5 il (8 583
Adle 5 Aabaall 45 ) 9o (o A cJaid Na" o 500 saall (50l Y g0 2y 0 JV sl 8 (S
Lid Na'asasall 05l QY ez adu cphangll 8 (b Hhal)

1 NagPO, »3Na™  + PO,°
1moIX 3 mol
0.0178 mol y

(Y )no. of mol (Na*') = 0.0178 * 3 =0.0534 mol.

No. Na" ions = No. moles x Avogadro number
No. Na* ions = 0.0534 mol x 6.022x10% = 3.21 x 10* ions
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Fundamentals-of-Analytical-Chemistry-by-Douglas-A.-Skoog-9th-Ed

Q1: Find the number of Na™ ions in 3 g of Na,S,03?

Q2: Find the number of K* ions in 3.41 mol of K,HPO4?
Q3: Find the amount of the indicated element (in moles) in
(@) 8.75 g of B,0:s.

(b) 167.2 mg of Na,B,0; . 10H,0.

(c) 4.96 g of Mn3O,.

(d) 333 mg of CaC,0,.

Q4: Find the amount in millimoles of the indicated species in.
(a) 850 mg of P,0s.

(b) 40.0 g of CO,.

(c) 12.92 g of NaHCO:s.

(d) 57 mg of MgNH,4PO,
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Mews [T
1A . VIIA 0
1 Nonmetals 17 18
1 Metalloids l:l 1 2
H 1IA A IVA VA VIA H He
1.008 2 13 14 15 16 LO0E | 40026
3 4 5 6 7 8 g 10
Li Be B C N 0 F Ne
6941 | 90122 1081 | 12011 | 14007 | 15999 | 18.9984 | 201797
11 12 VIIB 13 14 15 16 17 18
Na [ Mg | mm IVB VB VIB VIB ——~—— B 1 Al Si P S Cl Ar
229898 | 243050 3 4 5 6 7 8 9 10 n 12| 260815 | 28085 | 309738 | 3206 | 35453 | 30048
19 20 21 22 b] 24 b4 2% n % 29 30 3l 1 13 4 35 6
K Ca Sc Ti Ay Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
300983 | 40078 | 449550 47867 | 509415 | 519961 | 549380 | 55845 | 589332 | 586934 | 63546 | 6538 | 69723 | 7263 | 749216 | 7896 | 790904 | 83798
7 kKt 39 40 41 42 3 44 45 6 47 48 49 50 5l 52 53 54
Rb Sr Y Zr | Nb | Mo | Te | Ru | Rh | Pd Ag | Cd In Sn Sh Te 1 Xe
854678 | 8762 | 88.9058 91204 | 929064 | 9596 | (98) | 10107 | 1029055 | 10642 | 1078682 | 112411 | 114818 | 118710 | 120760 | 127.60 | 1269045 | 131.293
55 36 57T | 7 7 4 75 76 77 78 79 80 81 82 83 84 85 6
Cs Ba La Hf | Ta w Re | Os Ir Pt Au | Hg Tl Ph Bi Po At Rn
132.9055 | 137327 | 138.9055 17849 | 1809479 | 183.84 | 186207 | 19023 | 192217 | 195.084 | 1969666 | 20059 | 20438 | 207.2 |2089804| (209 | 21y | 22
&7 8 [T 104 105 106 107 108 109 110 11 112 13 114 115 16 117 118
Fr Ra Ac Rf | Db | Sg Bh | Hs | Mt | Ds Rg | Cn | Unt FI | Uup| Lv | Uus | Uuo
(223) (226) (227) (265) (268) (211) (270} (277) 276) (281) (230) (285} (284) (289) (288) (293) (294) (294)
*Lanthanide Series
58 59 60 61 62 5 64 65 [ 67 68 6 0 71
Ce Pr | Nd | Pm | Sm | Eu | Gd | Th | Dy | Ho | Er | Tm | Yb | Lu
140116 | 1409076 | 144242 | (145) | 15036 | 151964 | 157.25 |158.9254 | 162.500 | 1649303 | 167.259 | 168.9342  173.054 | 174.9668
Note: Atomic masses are 2009 *% Actinide Series
TUPAC values (up to four decimal 90 91 92 93 94 95 9% o7 o8 % 100 101 102 103
places). More accurate values for
some elements are given in the Th Pa U Np Pu Am Cm Bk Ct Es Fm Md No Lr
table inside the back cover. 2320381 | 2310359 | 2380289 | (37) | 4 | @3 | @ | @ | @ | @2 | @ | @ | @ | e
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Svmbal

for Scientific

Prefix  Prefix MNotation
exa E 1000 000000000 000000 1ote
peta = 1 000000 000 000 000 101s
tera T 1 000 000 000 000 1012
giga G 1 000 000 000 1o
tmega I 1 000 000 10®
kilo I 1000 102
hecto h 100 10%
delca da 10 101
- 1 1@
deci d 0.1 10!
centi C 00t 10
milli m 0.001 103
micro W 0.000 001 10-%
nano n 0.000 000 001 10-°

pico P 0.000 000 000 001 L2

femto T 0.000 000 000 000 a0l jpts

atto a 0.000 000 000000 0oooo1l 10718




