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Visible spectrum:
The human eye is only sensitive to a tiny 
proportion of the total electromagnetic spectrum 
between approximately 400 and 800 nm and 
within this area we perceive the colors of the 
rainbow from violet through to red[ It comes in 
colors as seen when white light is passed 
through a prism and broken into a rainbow]

UV-visible absorption spectra can be used to 
help identify compounds and to measure the 
concentrations of coloured solutions
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Electronic Spectra &Molecular Structure
The electronic transitions that take place in the
UV- Vis regions of the spectrum are due to the
absorption of radiation by specific types of groups,
bonds& functional groups within the molecule. When
light passes through a compound, some of the energy in
the light kicks an electron from one of the bonding or non-
bonding orbitals into one of the anti-bonding ones. The
energy gaps between these levels determine the frequency
(or wavelength) of the light absorbed, and those gaps will
be different in different compounds.

Electrons in molecule can be classified
into different types
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Types of electrons:
(1)Closed shell – electrons that are not involved in 

bonding (very high excitation energies and don’t 
contribute to absorption in Vis or UV regions) .
(2)Covalent single –bond electrons (  or sigma, 
electrons) These also posses too high excitation 
energy to contribute to absorption of Vis or UV 
radiation (eg.-CH2-CH2- ).
(3)Paired non –bonding outer shell electrons (n 
electrons) such as those on N,O,S and halo UV 
radiation.
(4)electrons in  ( pi) orbital for example in double 
or triple bonds.
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GGeneral Interactions of Light and Matter
When a beam of radiation strikes any object it can be absorbed, 
transmitted, scattered, reflected or it can excite fluorescence.
With fluorescence ,a photon is first absorbed and excited the 
molecule to a higher energy state. The molecule then drops back to 
an intermediate energy level by re-emitting a photon. Since some 
of the energy of the incident photon is retained in the molecule or 
is lost by a non-radiative process such as collision with another 
molecule.
The emitted photon has less energy and hence a longer wavelength 
than the  absorbed photon.
Like scatter, fluorescent radiation is also emitted uniformly in all 
directions.
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LLifetime 
The length of time that an analyte stays in an 

excited state before returning to a lower-
energy state.
Relaxation:

Any process by which an analyte returns to a 
lower-energy state from a higher-energy 
state.
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11-Vibrational relaxation:
. It is a form of radiationless relaxation in which an analyte moves
from a higher vibrational energy level to a lower vibrational energy
level in the same electronic level. It takes place during collision
between excited molecules & molecules of solvet. Also
collision with solvent molecules at this point rapidly removes
the excess energy from the higher vibrational level of S1

2-Internal conversion:
A form of radiationless relaxation in which the analyte moves
from a higher electronic energy level to a lower electronic
energy level.It occurs between lowest vibrational level of an
excited electronic state & the upper vibrational level of
another electronic state.

3-External conversion:
A form of radiationless relaxation in which energy is
transferred to the solvent or sample matrix

4-Intersystem crossing:
A form of radiationless relaxation in which 

the analyze moves from a higher electronic 
energy level to a lower electronic energy 
level with a different spin state[ one 
electron to reverse its spin]
, and the molecule transfer to a lower-
energy triplet state . From here the 
molecule can return to the ground state by 
emission of photon (phosphorescence)).
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2-Phosphorescence:
A molecule in the lowest vibrational energy level of an excited 
triplet electronic state normally relaxes to the ground state by 
an intersystem crossing to a triplet state or by external 
conversion. Phosphorescence is observed when relaxation 
occurs by the emission of a photon.of a photon.
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RRelation between concentration and fluorescence intensity

A quantitative expression of the efficiency of fluorescence is 
the fluorecent quantum yield , , which is the fraction of 
excited molecules returning to the ground state by 
fluorescence. Quantum yields range from 1, when every 
molecule in an excited state undergoes fluorescence, to 0 
when flyorescence does not occur.

number of molecules that fluorescence

total number of excited molecules
The intensity if fluorescence,If, is proportional to the amount of 

radiation from the excitation source that is absorbed and the 
quantum yield for fluorescence where k is a constant 
accounting for the efficiency of collecting and detecting the 
fluorescent emission. From Beer’s law
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Fluorescence Quenching
One difficulty frequently encountered in 
fluorescence is that of fluorescence quenching 
by many substances. These are substances 
that, in effect, compete for the electronic 
excitation energy and decrease the quantum 
yield(the efficiency of conversion of absorbed 
radiation to fluorescent radiation see below). 
IIodide ion is an extremely effective quencher. 
Iodide and bromide substituent groups 
decrease the quantum yield. Substances such 
as this maybe determined indirectly by 
measuring the extent of fluorescence 
quenching. Some molecules do not fluoresce 
because they may have a bond whose 
dissociation energy is less than that of the 
radiation. In other words, a molecular bond 
maybe broken, preventing fluorescence. 
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PPRACTICAL  PPHARMACEUTICAL  
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FIRST YEAR PHARMACY  





 

 

SPECTROSCOPY 

Definition: it is the study of interaction of spectrum of light with a substance 
to be analysed, for its identification (qualitative analysis) as well as 
determination of its amount (quantitative analysis). 

Wavelength (λ): is the linear distance measured along the line of 
propagation between crest of one wave to the next. 

λmax: is the wavelength of maximum absorbance 

Isosbestic point: is the wavelength at which absorbance is not pH dependant 
but concentration dependant. 

Units of wavelength: 

Micron (μ) = 1 x 10-6m = 1 x 10-4cm = 1 x 10-3mm 

Millimicron (m(μ) = nanometer (nm) = 1 x 10-9m = 1 x 10-7cm. 

Angstrom (A°) = 1 x 10-10m = 1 x 10-8 cm = 1 x 10-7.

Frequency (ν): number of waves per seconds, unit: Hz 

Velocity of light (C): 3 x 108m/sec 

Where C= λ x ν

Wave number (δ): is the number of waves per cm 

Where δ = 1/λ (λ in cm) 

Energy of photon (E): E = hν where h is max plank constant. 

Colorimetry: is the technique in which we are measuring the absorbance 
(A) of visible radiation by colored sample.  

Spectrophotometry: the technique in which we are measuring the 
absorbance (A) of UV or visible radiation either by colorless or colored 
sample, respectively.  
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LAWS OF LIGHT ABSORBANCE 

Beer-Lambert's law: 

A = log I°/It = log 1/T = log 100/ %T = abc  

Where:  

A = Absorbance  

I° = Intensity of incident light  

It = intensity of transmitted light  

T = Transmittance  

% T= Percentage transmittance  

b= Path length of light in sample  

C= Concentration  

a= is a constant, known as absorptivity, which is the absorbance when 
thickness of solution is unity (1cm) and concentration is unity.  

Molar absorptivity or epsilon (ε)

If the unit of concentration is 1M, (a) is known as molar absorptivity or 
epsilon (ε) or molar extinction coefficient (unit of (ε) is L mol-1 cm-1). 

A(1%-1cm): if unity of concentration is 1%, (a) is known as A(1%-1cm).  

PROBLEMS 

1. (a) A 6.40 x 10-5 M solution of a drug had an absorbance of 0.847 in a 1 
cm cell at 255 nm. Calculate the molar absorptivity of the compound.  

(b) Are the data of part (a) sufficient to tell if Beer's law is obeyed by this 
compound?  
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(c) Exactly 10.0 mg of a sample of this drug (MW 200.0) was dissolved in 
water to make 1 liter. At 255 nm the absorbance, in a 1 cm, was 0.556. 
Calculate the purity of the sample.  

(d) A sample of Poldine methylsulphate weighing 500.0 mg was dissolved in 
enough methanol to make 1 liter. The absorbance of this solution in a 2 cm 
cell at 257 nm was 0.946. Assume that any impurities present do not absorb 
light of this wavelength, calculate the percent purity of the sample. 

2.Convert each of these absorbance values into the corresponding 
transmittance. 

(a) A= 0.015 

(b) A= 0.500 

(c) A= 1.000

(d) A= 1.300 

3.Convert each of these transmittance values into the corresponding 
absorbance. 

(a) T= 0.001 

(b) T= 0.25 

(c) T= 0.75 

(d) T= 0.99 

4. Tolbutamide, MW 270.4 has molar absorptivity 703 at 262 nm. If a single 
tablets of tolbutamide is dissolved in water and the solution is diluted to 
2500 ml, its absorbance will be 0.520 at 262 nm in a 1 cm cell. What weight 
of tolbutamide is contained in the tablet? 
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Tutorial (1) 

Spectrophotometry 
Definition: 

Study of interaction between light and substance for the purpose of 

identification and quantification. 

Dual nature of light (dualism):

1- Light as a Wave 

2- Light as energy particle (photon) 

1- Light as a Wave: 

A- Wavelength (λ): is distance between successive maxima (crest) or 

minima (trough) of a wave. 

Different units of length are used to express wavelengths: 

The following units are in common use: 

1 m = 100 cm= 1000 mm = 1 x 106 μm = 1 x 109 nm = 1 x 1010 Ao  

OR

Ao = 1 x 10-1 nm = 1 x 10-4 μm = 1 x 10-7 mm = 1x 10-8 cm = 1 x 10-10 m.

B- Frequency ( ): which is the number of waves occurring per second and 

is expressed in cycles/sec (CPS) or Hertz (Hz). 
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C- Wavenumber ( `): which is number of waves per centimeter, which is 

expressed in cm-1.

 wavenumber ( `) = 1/λ cm-1

D- Velocity (c): 

Constant measured in Km/sec or m/sec or cm/sec = 300,000 km/sec 

= 3 x 108 m/sec = 3 x 1010 cm/sec 

Relations between λ, and ` are given by the following equations:

Note that, the longer the wavelength, the lower the frequency and the 

smaller the wave number and vice versa. (↑ λ, ↓ , ↓ `). 

2- Light as an energy particle:  

                                   E = h

where h is Plank`s constant (6.63 x 10-34 j.s or 6.63 x 10-27 erg.sec)                                    

                   = c/ E = hc/

Therefore, the shorter the wavelength, the greater the energy of the photons 

and the more powerful the radiation.  

1 Velocity of light (c)

Wave number ( `)
= Wavelength (λ) 

Frequency ( )
=   
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Example (1) 

Convert 4000 Ao into frequency (Hz) and into wave number (cm-1).

Solution 

Wavelength λ 4000 Ao = 4000 x 10-8 cm  

                                     = 4 x 10-5 cm

Wave number ν´ = 1/4 x 10-5 = 25000 cm-1 

Frequency ν = c/λ 

                   = 3 x 1010 / 4 x 10-5  

                  = 0.75 x 1015 Hz

Example (2) 

Calculate the frequency in Hz and energy in joules of x-ray photon with 

wavelength of 2.7 Ao. 

Solution 

Wavelength λ 2.7 Ao = 2.7 x 10-8 cm

Frequency ν = c/λ 

            = 3 x 1010 / 2.7x 10-8  

                   = 1.11x 1018 Hz
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Energy E = hν

               = 6.63 x 10-34 x 1.11 x 1018

               = 7.359 x 10-16 joules.

Problems 

1) Find wave number of wave has λ = 480 nm. 

2) find frequency of wave has λ = 490 nm , c = 3 x 108 m/s. 
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3) Find the wave number of a yellow light beam has ν = 589 Hz, knowing 

that           c =3 x108 m.

4) Express the wavelength 2500 Ao in micrometer (μm) and nanometer (nm). 

5) Convert wavelength 4000 Ao   into wave number and frequency. 

(c = 3 x 1010 cm/sec). 

6) Convert the following into meters (m) and centimeters (cm). 

a- 1 um 

b- 1 nm 

c- 1 Ao 
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7) Express the following in terms of angstrom (Ao) and nanometers (nm). 

a- 150 cm                    b- 55 cm                           c- 15 cm  

d- 1.2  m                      e- 8500 mm                      f- 75 cm 

8) Calculate the wavelength in cm and energy in joules associated with a 

signal at 220 Hz. 
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9) What is the energy content of one quantum of blue light with wavelength 

of 420 nm. 

10) A certain quantum of light has an energy content of 2.9 x 10-9 joules. 

 What is its frequency and wavelength? 
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Tutorial (2) 

Beer’s Lambert’s law

Lambert’s law 

The intensity of transmitted light is decreased exponentially with the 

increase of thickness (b) of the absorbing medium at constant concentration. 

OR

Absorbance of light by sample is directly proportional to the path length of 

light in sample provided that concentration is constant. 

- Thickness (b) increases   → Absorption increases 

- Abs α b  (at constant conc) 

- A = log I0 / It = k b    

- k constant  

- I0 and It are intensity of incident and transmitted radiations. 

Beer’s law

The intensity of transmitted radiation is exponentially decreased with the 

concentration (c) of the solution at constant thickness. 

OR

Absorbance of light by sample is directly proportional to the concentration 

of sample provided that the path length is constant. 

- Concentration (c) increases   → Absorption increases

- Abs α c  (at constant b) 

- A = log I0/ It = k’ c 

- k’ constant 

- I0 and It are intensity of incident  and transmitted radiations 
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It/I0 called transmittance (T) so 

A = log 1/ T   or   A = - log T 

Lambert’s law Beer’s law

Abs α b  
(c is constant)

A = log I0/ It = k b   (k constant) 

Abs α c  
(b is constant)

A = log I0/ It = k’ c (k’ constant) 

A

b  

A

c

12



 

Beer’s - Lambert’s Law:

This is a combination of both laws; 

A = a b c 

Absorbance    Absorptivity    Thickness    Concentration 

Absorptivity constant 

• It is a constant for each compound at certain λ.

• It has 3 forms according to unit of Concentration: 

- When concentration in g\L it is called absorptivity (a).

- When concentration in mole\L it is called molar absorbativity (ε).

- When concentration in g% it is (A1cm
1% ).

A1cm
1%  =  ε x 10 \ 

Mwt 

A1cm
1%    = a x 

10

a    = ε \ Mwt 
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Example (1) 

A colored sample has maximum absorbance at λ 385nm. A solution of 
20 mg/L has Abs of 0.84 using 2 cm cell. (Mwt = 50).  
Calculate: 1- A1cm

1%     

                             2- Molar absorptivity 
         3- How many mg of sample present in 25ml if It has Abs of 

0.65  at 385 nm when measured in 1 cm cell. 

1) A1cm
1%  

A1cm
1%    = A / b c  

C = 20 mg/L  → ? g% (g / 100ml)  

= 2 x 10-3 g%

A1cm
1%   = 0.84 / (2 x 2 x 10-3) = 210 

2) Molar absorptivity 

€  = A1cm
 1%   x Mwt \ 10

= 210 x 50 / 10 = 1050   L.mol-1cm-1

3) How many mg of sample present in 25ml if it has Abs of 0.65 at 385 nm 
when measured in 1 cm cell. 

A   = A1cm
 1%   x b x c 

0.65 = 210 x 1 x c      
  

c  = 0.65  / 210 

= 0.0031 g%   → mg/ 25ml 

= 0.0031 x 1000\4   = 0.7738 mg/ 25ml 

14



 

Problems 

1) If compound X has % T = 30%, calculate its absorbance at λ 
=270nm. 

2) Compound Y has T = 0.7, find %T. 

3)  
a)  If drug Z has absorbance 0.324 calculate %T 
b) Calculate the concentration of a solution of drug Z in water which 
exhibits an absorbance of 0.613 at λmax 262 nm in 1 cm cell if                          
ε = 703 L.mol-1cm-1. 
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4) A drug has maximum absorbance at 412nm, when 10 mg were 
dissolved in H2O and the total volume is completed to 500 mL, its 
absorbance was 0.324.  
a) Calculate A1٪

1cm

b) Calculate the concentration of unknown solution of the same drug if 
its absorbance at the same λ but in 2 cm cell is 0.486 assuming that 
Beer’s Lambert law is obeyed.
c) Calculate the corresponding ε if M.wt =400
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5) Calculate the concentration in mole/L of a solution of  tolbutamide in 
water which exhibits an absorbance of  0.613at λmax 262 nm in 1 cm cell 
if        ε=703 L.mol-1 cm-1. 
If you know that M.wt of the drug is 270 calculate its A1٪

1cm and (a).
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6) A solution of concentration 0.0008 % of a compound (M.wt 308.4) 
has an absorbance of 1.1 in 1cm. cell.  
Calculate its (A1٪

1cm), (ε) & (a).

7) Calculate the concentration in Mole/Liter of a solution of Tryptophan 
in 0.1N HCl giving an absorbance 0.613 at λmax 277 nm in cell 1cm its ε 
at 277nm = 5432 L.mol-1 cm-1. 
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8) A colored substance (x) has a maximum absorbance at 385 nm, A 
solution contains 20 mg/L has absorbance of 0.840 using 2 cm cell the           
M.wt = 50 
a) Calculate A1%

1cm at 385 nm.  
b) Calculate ε at 385 nm.

9) A compound of formula weight 280 transmits 35% of radiation at 
certain wavelength in 2 cm cell at concentration of 15 ug\mL. 
Calculate its molar absorptivity at this wavelength. 
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Tutorial (3) 

Absorbance curve 

Definition: 

Relation between absorbance and wave length at constant concentration 

Constructed by: 

1- Changing the incident wavelength 

2- And get the absorbance at each 

3- To get a table like this 

Wavelength absorbance

400 0.011

440 0.06

480 0.2

520 0.45

560 0.68

600 0.92

640 1.1

680 0.82

720 0.5

760 0.22

800 0.12
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Then draw absorbance (A) at y axis And Wavelength (λ) at x axis

Then we use this curve to determine λmax

What is λmax?

λ at which the sample has the highest absorbance.

• What is the importance of λmax?

1- Qualitative analysis

2- Quantitative analysis to: ↑ Sensitivity

                                           ↓ Error

absorbance curve

0

0.2

0.4

0.6

0.8

1

1.2

200 300 400 500 600 700 800

A

Abs 

 nm 
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Determination of  λmax of KMnO4

You are provided with table contains the wavelengths and corresponding 

absorbance of a sample of KMnO4

λ absorbance
515 0.584

520 0.627

525 0.658

530 0.632

535 0.61

Draw the absorbance curve and find its λmax
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Tutorial (4) 

Calibration curve 

Relation between absorbance and concentration 

Its characters: 

1- It should obey Beer’s Lambert law.

2- Straight line passes through the origin. 

3- To get concentration of unknown sample. 

How to construct the calibration curve?  

Prepare standard series of your substance.  

Adjust spectrophotometer at λmax.

Get the absorbance of each standard. 

Arrange the results in a table like that.

Concentration absorbance

1 0.2

2 0.4

3 0.6

4 0.8
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Draw absorbance at y axis against concentration at x axis to get the 

calibration curve. 

0
0.1
0.2

0.3
0.4
0.5
0.6

0.7
0.8
0.9

0 1 2 3 4 5

Series1
calibration curve

Abs 

mg/mL
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To get the concentration of unknown sample 

1-  Get the absorbance of the sample from the spectrophotometer. 

2-  Point the absorbance of the sample on the curve draw a line parallel 

to x axis. 

3- It will cut the straight line at a certain point. 

4-  At this point draw a perpendicular line to cut x axis in a point 

5- This point is the unknown concentration. 

0
0.1
0.2

0.3
0.4
0.5
0.6

0.7
0.8
0.9

0 1 2 3 4 5

Series1
calibration curve

Abs 

mg/mL 
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Now draw your calibration curve and get the unknown concentration 

from the applied data. 

Conc (mole / L) absorbance

0.026 0.285
0.052 0.57
0.157 1.59
0.210 1.92
0.105 unknown
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VISUAL METHODS 

A. Serial dilution method 

Determination of Fe3+ sample 

Principle: 

Ferric ions react with thiocyanate ions (added in excess) in acid medium to 
form blood red colored complex. The intensity of the red color depends on 
the ferric ions concentration, so the concentration of the unknown iron 
sample can be determined by the comparison with the red color of standard 
series.  

Procedure: 

1. Pipette 1, 2, 3, 4, 5 ml of standard iron solution into five similar test tubes.  

2. Add 1 ml of HNO3 to each tube, boil for 2 minutes and cool.  

3. Add 1ml 10% KSCN and complete the volume to 10 ml with distilled 
water.  

4. Transfer 5 ml of the unknown sample solution to a similar test tube and 
proceed as under standard solutions.  

5. Compare the color of the unknown with equivalent color of standard.  

Results: 

B. Variable depth method 

Determination of copper sample 

Principle: 

In this method, the colored test and standard solutions are placed in two 
similar vessels (Nessler tubes). The layer thickness (depth) of one of the 
solutions (more intense) is varied until the colors are matched. Since the 
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concentration of the standard solution is known, that of the test solution can 
be computed from the formula:  

Ct = Cs x Ls/Lt 

Where Cs and Ct are the concentrations of the standard and unknown 
solutions, respectively. While, Ls and Lt are the thickness of standard and 
unknown solutions layers.  

Procedure: 

In two identical Nessler tubes: 

1. In tube 1, add 5ml of standard copper solution (1mglml), 5ml conc. NH3 
and complete to the mark (50ml) with distilled water.  

2. In tube 2, add 5ml of unknown copper solution, 5ml conc. NH3 and 
complete to the mark (50ml) with distilled water.  

3. Compare the formed colors and decrease the volume of the more intense 
colored solution until the colors are matched.  

4. Measure the length of solutions layers by ruler.  
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PHTOELECTRIC METHODS 

1. Absorption spectrum and calibration curve of potassium 
permanganate: 

Theory: Transition elements of the lanthanide group contain partially filled 
˝d˝ orbital. Manganese is one of the transition elements. Electronic 
transitions between the ˝d˝ orbitals are possible leading to highly colored 
solutions and high intensity of absorption. Potassium permanganate has two 
absorption maxima in wavelength range 500-600 nm. 

Experiment 1: 

 Single component analysis of KMnO4 

You are provided with: 

- Stock KMnO4 solution 100mg%  

- Sample of KMnO4 of unknown concentration 

You are required to calculate the concentration of KMnO4 in the 
sample 

Practical steps 

Abs at 525nmConc (mg%)mls takenSolution 
number

2

3

4

5

6

7

Sample

1

2

3

4

5

6
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1-Prepare serial standard solutions of KMnO4

(Deliver from a biurette 2, 3, 4, 5, 6 and 7 ml of stock KMnO4 100mg% into 
a set of 100 ml volumetric flasks, complete to mark with tap water) 

2- Measure the Absorbance of each prepared solution and the sample and 
record it in the provided table.  

3- Calculate the concentration of each solution and record them in the table  

C*V (before dilution) = C*V (after dilution) 

 100 mg% * (2,3,4,5,6,7 ml) = ? mg% * 100 

4- Draw the calibration graph between the measured Abs against 
concentration. 

5- Calculate the concentration of the sample graphically

Results: 
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Experiment 2:  

Effect of pH on the absorption of sulphanilamide:  

Theory: 

In alkaline solution the primary amino group is retained as the auxochrome. 
In acid solution quaterniaztion occur to a co-ordinatively saturated 
auxochrome. (Hypsochromic shift and hypochromic effect resulting from the 
removal of the non bonded electrons of the –NH2 auxochrome from the 
conjugated system).  

N H 2 SO2NH2 H+ H3N SO2NH2 OH- +

A. Determination of absorption spectrum:  

Procedure: 

1. Pipette 10 ml of sulphanilamide solution into 100 ml volumetric flask, 
dilute the mark with 1N HCl and mix.  

2. Determine the absorbance of this solution in 1 cm cell at 10 nm interval 
from 210-

3. Repeat step(1) but using instead of 1 n HCl, 1 N NaOH.  

4. Plot the absorption curves of the acid and alkaline solutions on the same 
graph paper.  

5. Determine λmax and calculate molar absorptivity (ε) for each solution.  

Results:  
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B. Determination of calibration curve (standard curve): 

Procedure:  
1. Into five 100-ml volumetric flask, transfer by pipette 2, 5, 10, 15 and 20 
ml of sulphanilamide solution. Complete to the mark with 1 N NaOH 
solution and mix.  

2. Measure the absorbance of each solution at the λmax of sulphanilamide in 
1 N NaOH. Plot the standard curve (A vs. C).  

3. Dilute 10 ml of the given unknown to the mark with 1N NaOH and read 

concentration from the other axis.  

4. The concentration of unknown solution in other way can be calculated by 
the following equation:  

Cu= Cs x Au/ As 

Where :-  
Cu = concentration of the unknown in μg/ml in the final solution. 
Cs = concentration of the standard solution in μg/ml in the final solution. 
Au = absorbance of the unknown solution. 

As = absorbance of the standard solution  

Results: 
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Experiment 3:  

Effect of pH on the absorption spectrum of thymol blue: 

Theory: 
Thymol blue is an acid-base indicator, it has phenolic –OH group in its 
structure. In alkaline solution it changes into phenolate anion and the 
interaction of the negative charge on the oxygen atom with the ring leads to 
different resonating structures. As a result a bathochromic shift and a 
hyperchromic effect occur and the color changes from red (acid medium) 
into blue (alkaline medium).  

Solutions: 
0.02 g % w/v Thymol aqueous solution.  

1N HCl.  

1N NaOH  

Procedure: 
1. Pipette 10 ml of thymol blue solution into 25 ml volumetric flask, dilute 
to the mark with 1 N HCl and mix. Determine the absorbance of this 
solution in 1 cm cell at 10 nm interval from 450-650 nm, using 1N HCl as a 
blank (use 5 nm interval around the λmax).  

2. Repeat step 1 using 1N NaOH instead of 1N HCl.  

3. Plot the absorption curves of the acid and alkaline solutions on the same 
graph paper.  

4. Determine λmax and calculate molar absorptivity (ε) for each solution.  

Results: 
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Experiment 4: 

Determination of the molar ratio of Iron-Thiocyanate complex 

(job's method for continuous variation) 

Theory: 

Neither ferric nor thiocyanate ions in nitric acid solution have 
absorption maximum at 500 nm. 
When they react with each other, a blood red color is formed that has 
a high absorption value at 500 nm. 
m Fe3+ + n SCN-                          [Fem(SCN)n]3m-n

Prepare equimolar solutions of Fe3+ (A) and SCN-(B) and series of 
mixtures of the two solutions in different ratios in which the sum of 
the number of moles of Fe3+ and SCN-, is kept constant (total number 
of moles is constant). 
The absorbance of each mixture is measured against water and the 
absorbance is plotted versus the corresponding mole fraction of Fe3+. 
                                               No. of moles of Fe3+ 
Mole fraction of Fe3+ = 

                                Total no. of moles (Fe3+ +SCN-) 
The resultant plot is round shaped curve. When the straight lines of 
the curve are extrapolated, the point on the abscissa corresponding to 
their intersection represents the molar ratio of the complex. 

Solutions: 

Solution (A): Ferric solution: 3x103- M ferric ammonium sulphate. 

Solution (B): Thiocyanate solution : 3x103- M potassium thiocyanate. 

Procedure: 

1. Prepare a series of solutions by mixing the indicated volumes of solution 
(A) and solution (B). 

1 ml solution A +9 ml solution B 

9 ml solution A +1 ml solution B …………(etc.)………
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2. Measure the absorbance of each mixture against water as blank at 500 nm. 

3. Plot the absorbance versus the corresponding mole fraction of ferric. 

4. The resultant plot is round shaped curve, the straight lines of the curve are 
extrapolated. 

5. The point on the abscissa corresponding to their intersection represents 
the molar ratio of the complex. 

Results: 
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Experiment 5: 

Colorimetric determination of FeCl3 by Complexation with SCN-

You are provided with: 

- Stock FeCl3  solution 20mg% in dil nitric acid 

 - Sample of FeCl3 of unknown concentration 

 You are required to calculate the concentration of Fe Cl3 in the sample 

Abs at 471nmConc (mg%)mls taken
Solution 
number

8

10

12

14

16

Sample

1

2

3

4

5

1-Prepare serial standard solutions of Fe Cl3 (Deliver from a burette 8, 10, 
12, 14 and 16 ml of stock Fe Cl3 20mg% into a set of 100 ml volumetric 
flasks. 
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2- Add 2ml 10% NH4 SCN (from a burette) and complete to mark with dist. 
water) and mix well. 

3- Measure the Absorbance of each prepared solution and the sample against 
blank solution (blank is prepared by adding 10ml dil. nitric acid in 100 ml 
volumetric flask + 2ml 10% NH4 SCN then complete to volume with dist 
water) and record them in the provided table. 

5- Calculate the concentration of each solution and record them in the table  

C*V (before dilution) = C*V (after dilution) 

 20 mg% * (8, 10, 12, 14, 16 ml) = ? mg% * 100 

6- Draw the calibration graph between  

the measured Abs against concentration 

7- Calculate the concentration of the sample  

graphically 

Results: 

e  
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OCOCH3

COOH
NaOH
heat

OH
COONa

CH3COONa

sodium salicylate sodium acetateacetyl salicylic acid

+

Experiment 6: 

Colorimetric determination of Aspirin 

Theory 

When aspirin is heated with NaOH,  it gives sod.salicylate  which gives 
with FeCl3 violet color measured at 510 nm 

N.B. Excess NaOH must be removed before addition of FeCl3 to prevent its 
pptn as Fe(OH)3 

Practical steps 

1- Put one Aspirin tablet in 100 ml beaker. 

2- Add 20 ml distilled water (cylinder). 

3- Add 5 ml 0.5 N NaOH (cylinder). 

4- Heat 5 min. on hot plate. 

5- Neutralize xss NaOH . 

 6- Add 2 drops ph.ph indicator to the beaker where pink color is developed. 

7- Add C. HCl dropwise till disappearance of the pink color. 
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8- Transfer the contents of the beaker quantitatively into 250 ml volumetric  

flask using funnel and glass rod.  

9- Wash the beaker and the glass rod with water and transfer the wash into 
the volumetric flask using the funnel. 

10- Complete to the mark with distilled water and mix well. 

11- Pipette 5 ml from the 250 ml volumetric into a 100 ml volumetric flask. 

12- Add 5 ml 5% FeCl3 into the 100 ml volumetric flask where violet color 
is developed. 

13-Complete to the mark with distilled water and mix well. 

14-Measure the Abs. of this solution at 510 nm. 

Calculate the concentration of Aspirin in the measured solution

1- Using Beer’s law

A= a b c 

a= 0.067 

b= 1 cm 

c= ?? mg% 

2- Using regression equation 

Abs= a + b*Conc. 

a (intercept) = 0.005  

b (slope) =0.455 

Abs.= measured Abs. 
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Conc.= ?? mg% 

Calculate the % recovery of Aspirin tablet 

% recovery = Found conc.  / labeled conc.  * 100 

Found conc. (calculated using Beer’ law or regression equation)

Labeled conc. ??? 

Each Aspirin tablet is labeled to contain 320 mg aspirin. We put amount 
equivalent to one tablet into 250 ml vol. flask  from which we took 5 ml into 
100 ml volumetric flask 

320 mg   (found in)    250 ml vol. falsk 

 ???     (found in)   5 ml (taken)            ??= 6.4 mg 

6.4 mg   ( found in)   100 ml vol. flask  ( measured solution) 

So the conc. in the measured solution is  

Conc. mg% = wt/vol*100 = 6.4/100*100= 6.4 mg%   

Results: 
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Experiment 7: 

Spectrophotometric determination of  

Hydrochlorothiazide (Tablets)

Theory 

Spectrophotometric determination of hydrochlorothiazide in alkaline 
solution 

Procedure: 

1. Weigh and powder 20 tablets.  

2. To a quantity of the powder containing 30 mg of Hydrochlorothiazide 

add 50 ml of 0.1M sodium hydroxide. 

3. Shake for 20 minutes and dilute to 100 ml with 0.1M sodium 

hydroxide.

4. Mix, filter, dilute 5 ml of the filtrate to 100 ml with water. 

5. Measure the absorbance of the resulting solution at the maximum at 

273 nm taking  520 as the value of A(1%, 1 cm) . 

Results:

S
NH

NCl

H2N
S

OO OO

H
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Experiment 8: 

Spectrophotometric determination of 
Furosemide (injections) 

Theory 

Spectrophotometric Determination of furosemide in alkaline solution 

Procedure: 

1. To a volume containing the equivalent of 20 mg of Furosemide , 
2. Add sufficient water to produce 100 ml.  
3. Dilute 5 ml to 100 ml with 0.1M sodium hydroxide. 
4. Measure the absorbance of the resulting solution at the maximum at 

271 nm taking 580 as the value of A(1%, 1 cm). 

 

Results: 
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                               CALCULATION OF MAX

1. THE WOODWARD-FIESER RULES FOR DIENES 

EMPIRICAL RULES FOR DIENES 

. 

parent = 214 nm

Increments for:
Double bond extending conjugation       30

Homocyclic diene component       39

Alkyl substituent or ring residue         5

Exocyclic double bond         5

Polar groupings:
-OCOCH3         0

-OR         6

-Cl, -Br         5

NR2       60
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SOLVED EXAMPLES ON DIENE SYSTEM: 

   

CH3

                                               
C C

CH3

CH3

C

H

CH3
C

H

H

   Parent                         214                  Parent:                      214 

   Ring residue: 3x5=        15                 Alkyl groups: 3 x5=      15 

   Exocyclic double bond:   5                                                    229  

                                          234              

CH3

O
C2H5                             

CH
CH3

CH3CH3

CH3 COOH

   Parent                         214                 Parent:                         214 

   Ring residue: 3x5=        15                Alkyl group: =                   5 

   Exocyclic double bond:   5                 Ring residue: 3x5=        15 

   -OR:                                6                 Exocyclic double bond:   5 

                                          240              Homocyclic diene:         39                              

                                                                                                   278

CH3

CH3COO

CH3

   Parent                                         214        
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 Homocyclic diene:         39              

Ring residue: 5 x5=                      25                        

353               

   Double bond extension= 2 x 30= 60  

   Exocyclic double bond:    3  x  5= 15                  

   CH3COO-:                                     0                  

calculate max for the following compounds: 
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CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3COO

CH3

CH3

CH3O

ANSWERS: 
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2. THE WOODWARD-FIESER RULES FOR ENONES 

EMPIRICAL RULES FOR ENONES 

                                                                        

                                                    C C C O
Parent
6-membered ring or acyclic parent enone (ketone)
5-membered ring parent enone (ketone)
Aldehyde parent enone

                 = 215
                 = 202 
                 = 208 

Increments for:
Double bond extending conjugation                       30

Homocyclic diene component                       39

Alkyl substituent or ring residue                     10
                    12
and higher   18

Exocyclic double bond                         5

Polar groupings:
-OCOCH3 , ,               6

-OR                      35
                     30
                     17
                     31

-OH                      35

                     30

                     50

-Cl                      15

                     12

-Br                      25

                     30
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-NR2                      95

SOLVED EXAMPLES ON ENONE SYSTEM:    
           

C
H

C
H

C
O

CH3CH3
                                                        

C C
CH3

CH3 CH3

C
O

CH3

Acyclic enone:     215                                Acyclic enone:       215                 

-CH3:                   12                                -CH3:                    10 

                            227                                -CH3: 2 x 12=        24

                                                                                                 249 

                                                                          
O

CH3

OCOCH3

                                                       

O

CH3

6-membered enone:      215                       5-membered enone:      

202                 

double bond extension:   30                       -ring residue:2 x 12=      

24

Homocyclic diene:           39                      exocyclic double bond:       

5

Alkyl substituent              18                                                          

231             

                                       302
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CH3

O

5-membered enone:      202 

-Br:                                25

-ring residue:2 x 12=      24 

exocyclic double bond:      5 

                                       256

calculate max for the following compounds: 
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O O

O

CH3
CH3

O

O

CH3

CH3
R

3. Empirical rules for Benzoyl derivative 
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Parent Chromophore

C
O

R

R= Alkyl or ring residue
R= H
R= OH or O-Alkyl

246

250

230

Increment for each substitution
-Alkyl or ring residue o-, m-

p-

3

10

-OH, -OCH3, -O-Alkyl o-, m-

p-

7

25

-O- o-

m-

p-

11

20

78

-Cl o-, m-

p-

6

10

-Br o-, m-

p-

2

15

-NH2 o-, m-

p-

13

58

-NHCOCH3 o-, m-

p-

20

45

-NHCH3 p- 73

-N(CH3)2 o-, m-

p-

20

85
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SOLVED EXAMPLES ON BENZOYL DERIVATIVE SYSTEM:  

O

Br

                                                           OH
OH

OH C
O

OH

Parent: :               246                                         Parent: :               230  

o-ring residue:          3                                        m-OH: 2 X 7=         14  

m-Br:                        2                                        p-OH:                      25 

                             251                                                                      

269

C
O

OH

OH
CH3O

OH

                                   

C

N

O

OMe

H
C
O

CH3
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Parent:              230                                              Parent:                

230

m-OH: 2 X 7=      14                                             p-NHCOCH3:        

45

p-O-Alkyl:            25                        

275

                          269   

calculate max for the following compounds: 
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C

CH3

O

CH3
C

OMe

CH3

CH3O

O

CH
CH3

CH3

OH

CH3

C

OHC2H5O

O
H

O

CH3O

O

CH3O
OMe
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