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Answer the Following Questions: 

 
1. Why does the classical model of electromagnetic radiation fail to explain light 

absorption observed in chemical compounds? 
 
The classical model of electromagnetic radiation suggests that electromagnetic 
radiation is represented by a sine wave. These waves have some properties like 
reflection, refraction, interference, diffraction, scattering, etc. None of these properties 
can account for absorption by chemical species, especially when we take in 
consideration that incident radiation will be homogeneously distributed on the surface. 
This means that the amount of energy that will an electron absorb is infinitesimally 
small (and practically will be close to zero), since the size of an electron is extremely 
small (negligible), as compared to the size of the chemical species. Therefore, The 
classical wave model fails to explain absorption phenomenon. 
 
 
 
2. Explain why the slit width of a monochromator should be carefully adjusted? 
 
The slit width of a monochromator should be carefully adjusted since a wide slit 
means that more than one wavelength will exit the monochromator, which means a 
bad resolution. On the other hand, very small slit widths means that the intensity of 
radiation coming out of the monochromator will be extremely small to the extent that 
the detector will not be able to measure correctly, which means bad detectability. 
Therefore, the slit width should be carefully adjusted so that a balance between 
resolution and detectability could be reached.  
 
 
 
 
3. The intensity of a line for atomic Na is much lower in a natural gas flame, which 
operates at 1800 °C, than in a hydrogen-oxygen flame, whose temperature is 2700°C. 
Explain.  
 
The number of sodium atoms available at 2700 oC in a hydrogen-oxygen flame is 
much higher than that which can be produced at the lower temperature of the natural 
gas flame.  
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 4. The use of prisms as wavelength selectors in spectroscopic instruments is very 
limited. Explain why most instruments use a monochromator that uses a grating 
wavelength selector. 

The use of prisms as wavelength selector is rather limited in spectroscopic 
instruments due to: 

a. The dispersion of the prism is not linear, which necessitates the use of a smart 
motor, which complicates the function of the instrument and add to its cost 

b. The best dispersion of prisms occurs at shorter wavelengths in the ultraviolet. 
If a glass prism was used, the most of the benefits of prism dispersion will not 
be accessible 

Most instruments use grating monochromators because: 

A. Dispersion of grating monochromators is linear, which makes instrumental 
designs much simpler  

B. Dispersion of a grating monochromator can be optimized, by using a grating 
with higher groove density, selection of order, characteristics of collimating 
and focusing mirrors. 

 
5. The D line in the spectrum of sodium is a doublet at 589.0 and 589.6 nm. Calculate 
the minimum resolving power of a grating that will resolve this doublet in the second-
order spectrum if 2 mm of the grating were illuminated. 
 
R = λ/∆λ 
 
R = 589.3/0.6 = 982 
 
You should not worry about how many mm will be illuminated, unless you are asked 
to calculate the grooce density (lines/mm) will be required 
 
 
 

6. A high pressure xenon arc lamp produces a broad band spectrum, rather than line 
spectrum. Explain. 

This is mainly due to two factors: 
a. Collisional broadening that occurs at high pressures 
b. Doppler broadening due to accelerated speeds of atoms resulting from the high 

voltage applied 
These two factors result in increased atomic line broadening which ultimately results 
in the broad band spectrum. 
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7. Given a 1200 groove/mm grating, an angle of reflection less than 20˚, and a focal 
length, F= 500 mm, what is the effective bandwidth of a spectrometer with a slit 
width of 50 µm necessary to pass the first order wavelength? 
 
D = nF/d 
D = 1*500/(1/1200) = 6*105 
D-1 = 1.67*10-6 
 
∆λeff = wD-1 
 
∆λeff = 50 µm *(103nm/µm) * 1.67*10-6 = 0.083 nm 
 
 
 
 
 
 
 
 
 
 
 
8. Find the ratio of the number of atoms in the 3p excited state to the number in the 
ground state (3s) for Mg+ at 2900 K, the wavelength for this transition is 280 nm. (h = 
6.6256x10-34 J s, c = 3*108 m s-1 and Boltzman constant = 1.38x10-23 JK-1) 

 

Nj/No = 6/2 exp – {(6.6256x10-34 J s * 2.998x108 m s-1)/(2800 Ao * 10-10 
m/Ao)(1.38x10-23 JK-1 * 2900 K)} 

Nj/No = 6.1x10-8 
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9. An interference filter is constructed with a MgF2 dielectric (index of refraction = 
1.36). What is the second order wavelength transmitted by the filter if the dielectric 
layer is 500 nm thick? 
 
λ = 2tψi/n 
 
λ = 2*500*1.36/2 = 680 nm 
 
 
 
 
 
 
10. Describe the photodiode array detector, how many detection elements do you 
think are sufficient for a 1 nm resolution? Describe its advantages and disadvantages 
as compared to a photomultiplier tube. 
 
The photodiode array detector is an array of silicon diode detectors. Each detector 
element is a p-n junction that is powered in a reverse bias mode. The light hits the 
depletion layer which generates electrons and holes, the density of which depends on 
light intensity. 
An array using 1024 detection element is more than sufficient for a 1 nm resolution, 
since the entire UV-Vis region extends from 200- to a maximum of 1000 nm, which 
suggests that 800 detection elements will be enough. However, PDA come with 
multiples of 64 and we are left with using 524 or 1024, the later is used to maintain 1 
nm resolution. 
As compared to photomultiplier tube, the PDA has the advantage:  

a. no or minimal dark current 
b. Very fast collection of the whole spectra since it is a multichannel detector 
c. No fear of photodissociation 
d. Very good for study of fast reaction kinetics 

Disadvantage 
1. Moderate sensitivity 
2. Expensive, as it requires a computer system and software 

 
 
 
 
12. Compare between the light gathering power of a monochromator with a f/n = 8.3 
with another monochromator with a f/n = 4.2. 
 
LGP (2)/LGP (1) = (8.3)2/(4.2)2  
 
LGP (2)/LGP (1) = 3.9 
 
The monochromator with an fn = 4.2 has a LGP that is about 4 times the 
monochromator with an fn = 8.3 


