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                          Exam. of Instrumental analysis

Answer only four questions  
1) a- define each of the following : 

          Transmittance - Path length   - Slit width- Molar absorptivity   (10 degree)
               Answer

Transmittance .   It is the ratio of transmitted  and incident radiant powers p and po  ,    T= p/ po   
Path length    b   . It is the internal thickness (diameter)  of the cell in which the test sample is taken . cell is usually cylindrical , this quantity used to be denoted as l or d 

Slit width  S. W  .  The mechanical distance (nm)  between the two narrow holes provided for entrance and exit of light in a monochromator is referred to as slit width .     
Molar Absorptivity ε     

                    It is known as the molar extinction coefficient  and it the product of absorptivity and molecular weight       ε= a M   the concentration is expressed in gram moles per litre  and path length (cm) 

---------------------------------------------------------------------------

  b-   Discuss   the  Lambert   and Beer's   laws 
Answer

Lambert's law 
                     This law was enunciated in 1970 by Lambert . the law related the thickness of the test sample to the ratio of the two radiant powers .All factors being equal , one may expect the radiant power to decrease with the increase in the thickness of the test sample .

The law states that " if a monochromatic radiation passes through a transparent medium the rate of decreases of the radiant power with the thickness of the medium is proportional  to  the  power of the radiation      This definition could be put in the form of a differential equation .   
-dP/ dx  = k P  

  Where P is the radiant powe at any instance x in the absorbing medium and K is a constant characteristic of absorbing medium and wavlengh of the radiatuion . on rearranging the equation 

       -dP/ P = k dx     on integrating the equation 

       -∫d ln P= K   ∫d x    

  When x from a to b 

ln P + ln Po = K b      
  ln Po /P = K b 

Beer's law  

This law relates concentration to transmittance and   was first consisted by            Beer's 1852 . according to this law , there is an exponential decrease in power of radiation with the successive increase in the concentration of the test solution.  with the increase in the concentration

Of the absorbing substance there is an increase in number of photons absorbed and a decrease in the power of the transmitted radiation  the law can be expressed as  " when a monochromatic radiation passes through a medium containing an absorbing substance , the rate of decreasing of power with the concentration of absorbing species is directly proportional to the intensity of radiation . Beers law can be derived in a manner 

Similar to that used in deriving Lamberts law 

                      -dP/dC = K, P  and also by integration and rearrangement 

          ln Po /P = KC                                      
      2.303 log po/p =KC    or      log po/p = k/2,303  C  

  Combined Lambert – Beer Law   
   The lambert law and the Beer law may be combined into a single relationship which shows the effect of both thickness and concentration  .  The combination is also referred to as Beers laws which may be mathematically represented as : 

                  Log10   po /p = abc 

                       Po/p= 10 abc   
  Where c , is concentration of absorbing substance in gms per litre , b is thickness in centimetre and  a is a constant  known as absorptivity and is a combination of  K, and K,,,  .  It the concentration is expressed  in gm moles /litre which is often the case  , the equation can be written as , 

                          Log po/ p = ε bc    

 Where   ε  is molar absorptivity or molar extinction coefficient which may be defined as follows :    If c=1 gm mole per litre and  p=1/10 po

Thus , the molar extinction coefficient is the reciprocal of the thickness which produces a transmitted ray as intence as the incident ray , if the concentration of the absorbing  species in test solution is 1gm mole/ litre  the ratio , P/Po is transmittance and P/Po x 100 is percent transmittance  . 
 ---------------------------------------------------------------------------------------------------

2) a- write about each of the following 
     i-     Photo emissive cell       ii-  UV and Visible sources            (10 degree)

Answer

 Photo emissive cell   : this cell is effective for measurements in both ultraviolt and visible regions . it consists of a semi cylindrical cathode and a wire  

The concave surface of the cathode                                                    supports a layer of photo emissive material , which 

On being irradiated start emitting electrons .

Alkali metals and their oxides  are best as 

photo emissive material ,the response of                                             

the cell is directly dependent on the material

 Deposited on cathode. the flow of current

 depends both on applied potential and

 Radiant power falling upon the photosensitive 

cathode.          

              The external electrical source  is necessary while using this type of cell . the magnitude of the current is extremely small and needs to be amplified  . 
Ultraviolet sources . The continuous source for the ultraviolet region is derived from the gas discharge at high pressures . a line spectrum is obtained when electrical discharge takes place through a gas . At low pressures, each single line corresponds to a single wavelength  radiation by this lamp is 375nm 

Visible sources  : . Generally a tungsten lamp is used for the purpose . the lamp is enclosed in  glass envelope and functions at white heat . the temperature range at which it works is 2600-3000 K , pressure . This arrangement is made within the endosine and the bulb now is referred  to as quartz iodine bulb, iodine reacts with vaporized tungsten to form a volatile compound which decomposes in contact with the hot filament . the continuous spectrum range from this bulb is 350-2500 nm a heat absorbing filter is placed between lamp and sample which absorbs the infrared radiation of this bulb without appreciably affecting the energy of the wavelength being used
   b- Colorimetric  method  for  the  determination of ammonia
                                                                                                          ( 10 degree)

- Colorimetric determination of Ammonia .   The small amount of ammonia can be determined by colorimetry . when Nessler,s reagent ( alkaline solution of Hg I4 -2  ) is added to aqueous solution of ammonia or ammonium ion , a red – brown colour is developed . The measurement of the intensity of this colour is the basis for the quantitative determination of ammonia  

2 Hg I4 -2 + NH 3  + OH - → NH2 Hg2 I3 + 5I - + H2O  
                                             Red -brown
 The red- brown colour is colloidal in nature and eventually flocculates if the solution stands for some time  . It is therefore desirable to make absorption measurements in a short time after mixing the reagents while the solution is still in colloidal form but not too soon because the reaction between ammonia a        Nessler,s reagent is slow  . 
-------------------------------------------------------------------------------------------------                                                                          
3) a- at a definite wavelength an absorber when placed in a cell of 1.0 cm path           length absorbs 20% of the incident light . if the absorptivity of the absorber         at this wavelength is 2.0 , find out its concentration .             ( 10 degree)     

ِِAnswer
T= 100- 20 = 80%

         80            p

T=     po  =     100  =   0.8

A = -log T  = -log 0.8 = 0.097

When  absorptivity   a= A/ bc    

                                  2.0 =  0.097 / 1 x c 

Then   c=  0.097 / 2.0 x 1.0    = 0.0485 litre gm -1 cm -1 
b- Give the equations  of the frequency of vibration and the moment of inertia?                                                                                                        ( 10 degree)    

Answer
the frequency of vibration , and the moment of inertia  ? 

ν   =          1    √ k/ μ
                     2π  

Where  ύ  =   1  √  k (ma + m b )
                    2πc       m a . m b
μ  =       m a +  m b            

                        m a  .m b
       K  is the force constant  it is a measure of the resistance offered by a bond to a stretching in dyne / cm  

Moment of inertia   I = μ  r 2 = (   m a .  m b   )   r 2                                  

                                                              m a  +.m b 

a-Discuss about the vibrational spectra of CO2 molecule   ( 10 degree )
Answer

Also for C O2 it is a linear triatomic molecule have ( 3n-5 )  i,e   3x3 -5  = 4 normal modes of vibrations ,   ν 1 represents the symmetric stretching vibration ,       
 ν 2   represents the asymmetric stretching vibration , ν 3  represents the bending frequency , and    ν 4  is the fourth fundamental vibration another bending vibration  .    

O       C      O                                   O       C      O   

O       C      O                                  O       C      O   

-------------------------------------------------------------------------------------------------
  b- Define the three  ranges of IR  spectrum and its  effect on H2 , HI ,                        CO2, I2 , Cl2 , HCl , O2  molecules                          ( 10 degree )    
Answer

CO2  molecule has a dipole moment and consequently affected by IR 

I2      molecule is not affected by IR because it is a similar atoms  and its dipole moment is zero 

 Cl2  also is not affected by IR , its dipole moment is zero 

HCl   is linear molecule and has a dipole moment , affected by IR 

 O2  molecule is similar  molecule  its dipole moment is zero 

 The ranges of IR is divided into three regions

Near  IR 12500 cm -1( 0.8  µ  )

Mid IR 4000cm -1----  667 cm-1  ( 2.5  µ ------15 µ   )

Far IR    50 cm-1          (   200  µ  )   

------------------------------------------------------------------------------------
5) a- write about the radiation source of atomic absorption spectroscopy              

          (AAS )  which is called hollow cathode lamp                   (10 degree)                   

Answer

Radiation source of AAS 

A hollow cathode lamp is used as the radiation source , it includes anode and cathode enclosed in a quartz tube as shown 

 A high voltage is put across the anode and cathode, atoms of the filler gas (argon or helium ) are ionized  at the  anode and attracted  rapidly  to the cathode  . the fast moving ions  strike the surface of the cathode and physically displace the surface metal atoms into the atmosphere . the displaced atoms are excited and emitted the characteristic spectrum of the metal which used as a cathode . Gaseous discharge tubes produce  a line spectrum as a consequence of the passage of electrical current through the vapor of metal atoms
------------------------------------------------------------------------------------------------
   b- a solution  contains 1.00 mg of iron /100 ml in the form of a thiocyanate complex solution , it absorbs 30% of the incident light , find out              
            (i) – the absorbance of this solution at this wavelength 

           (ii) – the absorbance of a solution whose concentration is five times of this solution                                                          ( 10 degree  )                       
Answer
A = - log T    = - log ( 100 – 30 )  = -log 70 %   (i)    
A = -log 0.7 = 0.15        

          (ii) concentration   c = 1.0 mg / 100 ml 

                                                  A1
    Then the absorptivity a  = ------------ 

b . c                            
                                                A2
         In this case the absorptivity a is constant -----------         Also                     a  =
                                    b. 5 c
Then A2 =  A 1 . 5 C/ C  =  0.155 x 5 = 0.775
انتهت الاسئلة مع الاجابة النموزجية 
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