
 1

Practice Problem Set 5 

Atomic Emission Spectroscopy 
 

10-1 What is an internal standard and why is it used? 

An internal standard is a substance added to samples, blank, and standards. The ratio 

of the signal (sample, blank, or standards divided by the signal for the internal 

standard) id plotted against concentration. The internal standard should have the 

following properties: 

a. An emission line as close as possible to the analyte resonance line 

b. An emission line of comparable intensity to analyte line 

c. The excitation and ionization energy of internal standard should be very similar to 

those of analyte 

  

The purpose of the internal standard is to overcome fluctuations in temperatures in 

emission techniques as well as any random effects on signal. Unfortunately, it is not 

always easy to find a suitable internal standard. 

 

10-2 Why arc atomic emission methods with an ICP source better suited for 

multielement analysis than arc flame atomic absorption methods?  

AES with an ICP plasma source are better suited for multielement analysis than flame 

AAS because no separate lamp is required for determination of each element in ICP. 

All elements are atomized, excited in the ICP, and emission is analyzed. Emission 

lines are separated by a good monochromator and resonance lines of all elements can 

be directed to a multichannel detector.   

10-3  Why do ion lines predominate in spark spectra and atom lines in arc and ICP 

spectra? 

Ions predominate in spark spectra due to the very high temperatures realized in spark 

sources. Arc spectra are mainly atomic spectra due to much lower temperatures (about 

4000 
o
C) while ICP spectra are mainly atomic spectra since streams of electrons exist 

in the ICP as a result of argon ionization. 

10-4 Calculate the theoretical reciprocal linear dispersion of an echelle grating with a 

focal length of 0.85m, a groove density of 120 grooves/mm, and a diffraction angle of 

63°26' when the diffraction order is (a) 30 and (b) 90.  

a. D
-1
 = 2dcosβ/nF 

d = (1/120) = 8.33*10
-3
 mm 
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D
-1
 = {2*8.33*10

-3
 mm * cos 63

o
 26')/{30*0.85 m(10

3
 mm/m)} 

D
-1
 = 2.9x10

-7 
mm/mm 

D
-1
 = 2.9x10

-7 
mm/mm (10

6
 nm/mm) = 2.9 A

o
/mm 

 
 

b.  D
-1
 = {2*8.33*10

-3
 mm (10

6
 nm/mm) * cos 63

o
 26')/{90*0.85 m(10

3
 mm/m)} 

D
-1
 = 0.98 A

o
/mm 

 

10-5 Why arc arc sources often blanketed with a stream of an inert gas'  

Arc sources are often blanketed with a stream of an inert gas like carbon dioxide, 

helium, or argon in order to exclude atmospheric gases like nitrogen which forms 

cyanogens compounds with heated graphite. These compounds emit in the region 

from 350-420 nm, thus excluding possibility for determination of several elements 

having intense emission lines in that region of the spectrum. 

 

10-6  Describe three ways of introducing a sample into an ICP torch.  

Introduction of Samples in Solution 

1. Pneumatic Nebulization (most common) 

2. Ultrasonic Nebulizers 

In this case samples are pumped onto the surface of a piezoelectric crystal that 

vibrates in the kHz to MHz range. Such vibrations convert samples into homogeneous 

aerosols that can be driven into atomizers. Ultrasonic nebulization is preferred over 

pneumatic nebulization since finer droplets and more homogeneous aerosols are 

usually achieved. However, most instruments use pneumatic nebulization.  

3. Electrothermal Vaporization 

An accurately measured quantity of sample (few µL) is introduced into an electrically 

heated cylindrical chamber through which an inert gas flows in order to sweep the 

vapors into the ICP. Usually, the cylinder is made of pyrolytic carbon but tungsten 

cylinders are now available.  

Introduction of Solid Samples 

A variety of techniques were used to introduce solid samples into atomizers. These 

include: 
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1. Direct Sample Insertion 

Samples are first powdered and placed in a boat-like holder (from graphite or 

tantalum) which is placed in a flame or an electrothermal atomizer.  

2.      Laser Ablation 

Sufficient energy from a focused intense laser will interact with the surface of samples 

(in a similar manner like arcs and sparks) resulting in ablation. The formed plume of 

vapor and fine particulates are swept into the ICP by the flow of an inert gas. Laser 

ablation is becoming increasingly used since it is applicable to conductive and 

nonconductive samples. 

3. The Glow Discharge Technique 

A low pressure envelope (1 to 10 torr argon) with two electrodes with the conductive 

solid sample is the cathode, as in the figure below. The electrodes are kept at a 250 to 

1000 V DC. This high potential is sufficient to cause ionization of argon which will 

be accelerated to the cathode where the sample is introduced. Formed plume of vapor 

and fine particulates are swept into the ICP by the flow of argon. 

 10-7 What arc the relative advantages and disadvantages of ICP torches and DCP 

sources? 

Advantages and disadvantages of ICP torches 

1. Inert atmosphere, thus no oxides. 

2. Atomization of essentially all compounds, including refractory compounds. 

3. Low ionization of analytes due to argon ionization. 

4. Requires very little maintenance. 

5. Minimum spectral and chemical interferences. 

6. Very high sensitivity. 

However, some disadvantages are also realized including: 

1. High argon consumption, thus high running cost. 

2. High power consumption (2KW) 

  

Advantages and disadvantages of DCP sources 

1. Inert atmosphere, thus no oxides. 
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2. Atomization of essentially all compounds, including refractory compounds. 

3. Low ionization of analytes due to argon ionization. 

4. Minimum spectral and chemical interferences 

5. Low power consumption. 

6. Low argon consumption. 

However, some disadvantages are also realized including: 

1. Lower sensitivity than ICP 

2. Requires frequent maintenance (change of graphite electrodes) 

 10-8 Why are ionization interferences less severe in ICP than in flame emission 

Spectroscopy? 

Ionization interferences are less severe in ICP than in flame emission since the 

buffering effects of electrons from argon ionization diminish analyte ionization in 

ICPs. 

 10-9 What are some of the advantages of plasma sources compared with flame 

sources for emission spectrometry? 

As compared to flames, plasma emission has the following advantages: 

1. Inert atmosphere in plasma result in exclusion of oxides 

2. Lower chemical and spectral interferences 

3. Lower ionization problems 

4. Better sensitivities due to higher temperatures 

5. Well adapted to multichannel analysis 

6. More flexible as the torch view can be radial, axial, or dual. 

 10-10 Why is the internal-standard method often used in plasma emission 

spectrometry? 

An internal standard is often used in plasma emission techniques to overcome 

fluctuations in temperature and exclude random effects on emission signal. 

 10-10 It is observed that in a hot flame the emission intensities of the sodium lines at 

589.0 and 589.6 are greater in a sample solution that contains KCl than when this 

compound is absent. Suggest an explanation. 
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Na, being a Group I metal is a species that you would suspect might be ionized fairly 

easily. Since K is also a Group I metal, but is even lower on the periodic table than 

Na, you would expect it to be more easily ionized. Thus I suspect that this is an 

example of ion suppression. In the presence of K the K gets ionized first and this 

suppresses the ionization of Na, so you get a stronger signal for Na. In the absence of 

K, Na itself can become ionized, to Na
+
, thus lowering the concentration of NaO in 

the flame and lowering its signal. 

 

10-11 Why do ion lines predominate in spark spectra while atomic lines predominate 

in arc and ICP spectra?  

Temperature of spark is so great (40,000K) that most atoms are ionized. At the lower 

arc temperatures (4000K) only the light elements are ionized to any extent and in a 

plasma (4000-6000K) the high concentration of electrons from ionization of the Ar 

suppresses ionization of the analyte atoms (argon acts as its own ionization 

suppressor). 

 

10-12 What are the relative advantages and disadvantages of ICP torches and dc Ar 

torches?  

 

The advantages of the ICP over the DCP are higher sensitivity for several elements 

and freedom from some interferences and maintenance problems. No electrodes need 

to be replaced in the ICP, whereas in the DCP, the graphite electrodes must be 

replaced every few hours. Advantages of the DCP include lower argon consumption 

and simpler and less expensive equipment.  

 

10-13 Which of the following components is NOT part of an inductively coupled 

plasma-atomic emission spectrometer? 

   
Nebulizer. 

X   
UV detector. 

   
Plasma torch. 

   
Induction coil. 

 

10-14 What are the advantages and disadvantages of a flame photometer? 

 

Flame photometers have the following advantages: 

1. Simple atomic emission instruments 

2. Rugged and have a long working life 

3. Relatively cheap 

4. Fast analysis time 

 

However, flame photometers suffer from many disadvantages, including: 

1. Low sensitivity 

2. applicable to few elements that can be easily atomized and excited (Li, Na, K, 

Ca, and Mg) 

3. Susceptible to flash-back 
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10-15 Draw a schematic diagram of a multichannel ICP atomic emission 

spectrophotometer, identify all components on the graph, and describe how the ICP is 

formed. 

See notes and powerpoint 

 

10-16 Axial view ICP instruments have some advantages and disadvantages as 

compared to radial view instruments. Explain 

Advantages of axial view ICP includes: 

1. Wider linear dynamic range 

2. Lower detection limits 

3. better suited for lower concentrations 

 

Disadvantages of Axial view ICP includes: 

1. suffers from self absorption 

2. less convenient 

3. radial view is preferred for higher concentrations 

 

10-17 Compare between the advantages and disadvantages of atomic emission 

spectroscopy based on arcs and plasma. 

Arc AES 

 

1. No or minimum sample 

manipulation 

2. Semiquantitative and good 

qualitative technique 

3. Suffers from cyanogens 

compounds emission in the 

region from 350-420 nm where 

many elements have good 

emission lines 

4. Messy 

5. Long integration times 

6. Requires good experience, 

especially when a photographic 

film detector is used 

7. Can see ionic spectra as well, 

since no ionization suppression 

mechanism is available 

8. Requires very pure carbon 

electrodes 

Plasma AES 

 

1. Very sensitive  

2. Excellent quantitative and 

qualitative technique, especially 

when a CCD detector is used 

3. Inert atmosphere 

4. Minimum chemical and spectral 

interferences 

5. More flexible as axial or radial 

view can be selected 

6. Ionization is not a problem 

7. Expensive technique as it 

consumes a lot of argon 

8. Expensive instrument 

 

 

 

 

 

 

10-18 Why is carbon used as an electrode in arc and spark sources? 

 

1. Carbon is conductive 

2. Has few emission lines 

3. Easily shaped 

4. Thermally stable 

5. Can be obtained in a very pure state 

6. Available and relatively cheap 

7. Inert material 


