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Practice Problem Set 4 

Atomic Absorption Spectroscopy 

 

9-1 Define the following terms: (a) releasing agent, (b) protective agent. (c) ionization 

suppressor, (d) atomization. (e) pressure broadening. (f) hollow cathode lamp. g) 

sputtering. (h) self· absorption. (i) spectral interference. (j) chemical interference, (k) 

radiation buffer. (L) Doppler broadening, 

a. A releasing agent is a cation that reacts preferentially with an anion to release the 

analyte. The releasing agent should form a compound of higher stability than that 

formed by the analyte. 

b. A protective agent is usually a ligand that reacts with the analyte forming a 

relatively volatile complex. 

c. An ionization suppressor is a salt of an alkali metal added to suppress ionization of 

an analyte. The alkali metal is easily ionized resulting in a flux of electrons which 

shift the ionization equilibrium of analyte towards formation of atoms. 

d. Atomization is the process whereby gaseous molecules will breakdown to form 

atoms. 

e. Pressure broadening is a mechanism whereby atomic lines are broadened due to 

collisions, especially at high pressures. Broadening takes place since atoms of analyte 

in the ground states assume different energies due to collisions.  

f. A hollow cathode lamp is the most common line source used in AAS. A HCL lamp 

is composed of a glass envelope (with a quartz window) encompassing a hollow 

cathode, covered with a layer of the metal of interest, and a wire anode. The lamp 

contains an inert gas like argon at low pressure. 

g. Sputtering is a process whereby energetic argon ions rapidly strike the hollow 

cathode surface thus releasing too many atoms from the cathode surface. 

h. Self-absorption is a process observed when a HCL lamp is operated at high currents 

where sputtering of  a large number of atoms takes place. Most atoms do not get 

enough excitation energy in this process and thus absorb emitted radiation from other 

excited atoms within the lamp. The result is a splitting of the atomic line where the 

center of the line would have a minimum exactly at the wavelength of the original 

line. 

i. The class of interferences related to spectral properties of components other than 

atomized analyte is referred to as spectral interferences. Three sources for spectral 

interferences can be identified including spectral line interference, scattering, and 

broad band spectral interference. 

j. Chemical interferences are those interferences that occur due to chemical processes 

which take place in flames. These include formation of compounds of low volatility, 

dissociation equilibria, and ionization equilibria. 
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k. A radiation buffer is a substance added to both sample and standards in such a 

concentration that largely exceeds the concentration initially present in the sample. 

The reason for addition of a radiation buffer is to make the interference from the 

initial substance in the sample insignificant since now a large excess is added to both 

sample and standards. 

L. Doppler broadening is a manifestation of the Doppler effect where a detector will 

see a higher frequency for a fast moving atoms towards it and will see a lower 

frequency for atoms moving away from it. Doppler broadening is a major reason for 

line broadening in atomic spectroscopy and is largely increased at higher 

temperatures. 

 

9.2 Describe the effects that are responsible for the three different absorbance profiles 

in the figure below and select three additional dements you would expect to have 

similar profiles. 

 
The signal for silver increases as we move to higher temperatures away from the 

burner tip where silver will not be easily oxidized. Best results for the analysis of 

chromium occur at lower heights (fuel rich flames) since at higher heights oxygen 

from atmosphere will force chromium to convert to the oxide which will not be 

atomized at flame temperatures. Increasing the height above tip will increase the 

signal for Mg due to increased atomization at higher temperatures. However, at higher 

distances the oxide starts to form leading to a decrease in signal. 

An element that should have a similar profile like chromium can be titanium, 

zirconium, or tungeston as these readily form oxides. 

An element that should have a similar profile like silver would be a noble metal like 

gold or platinum. 
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An element that should have a similar profile like magnesium can be calcium or 

strontium. 

 

9-3 Why is an electrothermal atomizer more sensitive than a flame atomizer? 

Three reasons for extra sensitivity of electrothermal methods can be identified: 

a. Usually, higher temperatures are used in electrothermal methods. 

b. The residence time of atoms inside the graphite furnace is much longer than that in 

flames resulting in higher sensitivities due to longer exposure times. 

c. Flame sensitivities are usually limited by inconsistencies in flame composition and 

impurities from fuel; which is avoided in electrothermal methods. 

 

9-4 Describe how a deuterium lamp can be used to provide background correction for 

an atomic absorption spectrum. 

In this technique, radiation from a deuterium lamp and a HCL lamp alternately pass 

through the graphite tube analyzer. It is essential to keep the slit width of the 

monochromator sufficiently wide in order to pass a wide bandwidth of the deuterium 

lamp radiation. In this case, the absorbance by analyte atoms is negligible and 

absorbance can be attributed to molecular species in matrix. The absorbance of the 

beam from the deuterium lamp is then subtracted from the analyte beam (HCL) and 

thus a background correction is obtained. 

 

 

9-5 Why is source modulation used in atomic absorption spectroscopy? 

Source modulation is used in atomic absorption spectroscopy in order to overcome the 

problems due to emission in flames resulting from impurities in fuel as well as burner 

head. 
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9-6 For the same concentration of nickel, the absorbance at 352.4 nm was found to be 

about 30% greater for a solution that contained 50% ethanol than for an aqueous 

solution. Explain. 

Two main reasons for the increased signal in presence of ethanol: 

a. Increased nebulization rate due to lower surface tension in presence of ethanol 

which produces smaller droplets 

b.  Faster evaporation of solvents in flame. 

 

9-7 The emission spectrum of a hollow-cathode lamp for molybdenum has a sharp 

line at 313.3 nm as long as the lamp current is less than 50 mA. At higher currents, 

however, the emission line develops a cuplike crater at its maximum. Explain. 

 

This phenomenon is attributed to self-absorption. Self-absorption is a process 

observed when a HCL lamp is operated at high currents where sputtering of  a large 

number of atoms takes place. Most atoms do not get enough excitation energy in this 

process and thus absorb emitted radiation from other excited atoms within the lamp. 

The result is a splitting of the atomic line where the center of the line would have a 

minimum exactly at the wavelength of the original line. 

 

9.8 An analyst attempts to determine strontium with an atomic absorption instrument 

equipped with a nitrous oxide-acetylene burner, but the sensitivity associated with the 

460.7-nm atomic resonance line is not satisfactory. Suggest at least three things that 

might be tried to increase sensitivity. 

 

We are limited to the temperature of the acetylene/nitrous oxide flame but can 

perform one of the following: 

1. The reason for a lower sensitivity can be attributed to several reasons, therefore try 

using a releasing agent. 

2. Try using a protective agent. 

3. Try using an organic solvent to improve nebulization and thus sensitivity. 

4. If you have enough sample, try to extract Sr into an immiscible solvent containing a 

suitable ligand. 

 

9.9 Why is atomic emission more sensitive to flame instability than atomic absorption 

or fluorescence? 

Atomic emission is the technique that will be severely affected by fluctuations in 

temperature since signal is dependent on the number of atoms in the excited state. 

This number is significantly affected by fluctuations in temperature as derived from 

the Boltzmann equation. However, in the case of atomic absorption, the signal 

depends on the number of atoms in ground state that will absorb energy. Always the 
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number of atoms in ground state is very high as related to the number of excited 

atoms: 

Nj/No = 1.72x10
-4

  

or 

172 excited atoms for each 10
6
 atoms in ground state 

This suggests a very high population of the ground state even at high temperatures. 

Therefore, atomic absorption will not be affected to any significant extent by 

fluctuations in temperature, if compared to atomic emission spectroscopy. However, 

there are some indirect effects of temperature on atomic absorption spectroscopy.  

 

9-10 Figure 9-1 summarizes many of the processes that take place in a laminar-flow 

burner. With specific reference to the analysis of an aqueous MgCl, solution,  describe 

the processes that are likely to occur. 

Initially, nebulization of the MgCl2 will take place resulting in the formation of a 

spray of small sized droplets containing MgCl2. Desolvation of the droplets in flame 

will render the spray into a solid aerosol of MgCl2 particles. These particles will be 

converted to gaseous molecules of MgCl2. The gaseous molecules will then be 

atomized giving Mg and Cl atoms. Mg atoms will then absorb energy from a HCL or 

ADL lamp where absorbance can be measured. 

*9-11 Use Equation R = λ/∆λ for the resolving power of a grating monochromator to 

estimate the theoretical minimum size of a diffraction grating that would provide a 

profile of an atomic absorption line at 500 nm haying a line width of 0.002 nm. 

Assume that the grating is to be used in the first order and that It has been ruled at 

2400 grooves/mm. 

R = λ/∆λ  

R = 500/ 0.002 = 2.5x10
5
 

R = nN 

2.5x10
5
 = 1 * N 

N = 2.5x10
5
 blazes 

Size of Grating = 2.5x10
5
 blaze/2.4x10

3
 blaze/mm= 104 mm 

 

 

*9-12 For the flame shown below, calculate the relative intensity of the 766.5 nm 

emission line for potassium at the following heights above the flame (assume no 

ionization): 

(a) 2.0 cm  (b) 3.0 cm  (c) 4,0 cm  (d) 50 cm 
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From my observations (you may have slightly different values): 

  

Height (cm) T (
o
C)  T (K) 

2  1700  1973 

3  1863  2136 

4  1830  2103 

5  1750  2023 

  

The intensity of the emission lines is proportional to the number of atoms in excited 

state; which is best obtained from the Boltzmann relation: 
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Ej = hc/λ 

Ej = (6.6256x10
-34 

J s
 
x 2.998x10

10
 cm s

-1
)/{(766.5 nm x (cm/

 
10

7
 nm)} 

Ej = 2.59x10
-19

 J 

The ratio at 1973 K can be calculated from Boltzmann equation: 

Nj/No = (Pj/Po) exp (- Ej/KT) 

Nj/No = (6/2) exp {(-2.59x10
-19 

J/(1.38x10
-23

 J K
-1

 x 1973 K)} 

Nj/No = 2.21x10
-4

 

In the same manner we can calculate the ratio at other temperatures, we get: 

Height (cm) T (
o
C)  T (K)  Nj/No  Ix/I2 cm 

2  1700  1973  2.21x10
-4 

1.0 

3  1863  2136  4.59x10
-4

 2.1 

4  1830  2103  3.99x10
-4

 1.8 

5  1750  2023  2.8x10
-4

 1.26 

 

9-13 In a hydrogen-oxygen flame. the atomic absorption signal for iron was found to 

decrease in the presence of large concentrations of sulfate. 

(a) Suggest an explanation for this observation. 

(b) Suggest three possible methods for overcoming the potential interference of suli;te 

in a quantitative determination of iron. 

a. Iron forms a compound with low volatility with the sulfate ions resulting in a 

decrease in signal. 

b. 1. The easiest way is to add a releasing agent like La or Sr which prefer to react 

with sulfate 

 2.  Addition of a protective agent like EDTA. 

3. Increasing temperature to breakdown the compound. 

 

9-14 For Na atoms and Mg~ ions. compare the ratios of the number of particles in the 

31' excited state to the number in the ground state in 

(a) a natural gas-air flame (2100 K). 

(h) a hydrogen-oxygen flame (2900 K) 
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(c) an inductively coupled plasma source (6000 K). 

Nj/No = Pj/Po exp 
–E

j
/KT

 

Ej = hc/λ 

Substitution in the above relation gives 

Nj/No = Pj/Po exp 
–
 
hc/λKT

 

a.I. For sodium at 2100 K 

Nj/No = 6/2 exp – {(6.6256x10
-34

 J s * 2.998x10
8
 m s

-1
)/(5893 A

o
 * 10

-10
 

m/A
o
)(1.38x10

-23
 JK

-1
 * 2100 K)} 

Nj/No = 2.6x10
-5

 

a. II. For Mg
+
 we have the average resonance line at 2800 A

o
 

Nj/No = 6/2 exp – {(6.6256x10
-34

 J s * 2.998x10
8
 m s

-1
)/(2800 A

o
 * 10

-10
 

m/A
o
)(1.38x10

-23
 JK

-1
 * 2100 K)} 

Nj/No = 6.9x10
-11

 

b.I. For Na at 2900 K 

Nj/No = 6/2 exp – {(6.6256x10
-34

 J s * 2.998x10
8
 m s

-1
)/(5893 A

o
 * 10

-10
 

m/A
o
)(1.38x10

-23
 JK

-1
 * 2900 K)} 

Nj/No = 6.6x10
-4

 

b.II. For Mg
+
 at 2900 K 

Nj/No = 6/2 exp – {(6.6256x10
-34

 J s * 2.998x10
8
 m s

-1
)/(2800 A

o
 * 10

-10
 

m/A
o
)(1.38x10

-23
 JK

-1
 * 2900 K)} 

Nj/No = 6.1x10
-8

 

c. I. For sodium at 6000 K 

Nj/No = 6/2 exp – {(6.6256x10
-34

 J s * 2.998x10
8
 m s

-1
)/(5893 A

o
 * 10

-10
 

m/A
o
)(1.38x10

-23
 JK

-1
 * 6000 K)} 

Nj/No = 5.1x10
-2

 

c. II. For Mg
+
 at 6000 K 

Nj/No = 2/6 exp – {(6.6256x10
-34

 J s * 2.998x10
8
 m s

-1
)/(2800 A

o
 * 10

-10
 

m/A
o
)(1.38x10

-23
 JK

-1
 * 6000 K)} 
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Nj/No = 5.7x10
-4

 

 

9-15 In higher-temperature sources, sodium atoms emit a doublet with an average 

wavelength of 1139 nm. The transition responsible is from the 45 to 3p state. 

Calculate the ratio of the number of excited atoms in the 4s to the number in the 

ground 3s state in 

(a) an acetylene-oxygen flame (3000 
o
C). 

(b) the hottest part of an inductively coupled plasma source ( 9000 
o
C). 

a. For acetylene/oxygen flame at 3000 
o
C  

I. First calculate ratio between 4sto 3p 

The excited state is the 4s (Pj = 2) and ground state is 3p (Po = 6) 

Nj/No = Pj/Po exp 
–
 
hc/λKT

 

Substitution gives: 

N4s/N3p = 2/6 exp – {(6.6256x10
-34

 J s * 2.998x10
8
 m s

-1
)/(1139 nm * 10

-9
 

m/nm)(1.38x10
-23

 JK
-1

 * 3273 K)} 

N4s/N3p = 7x10
-3

 

II. Calculate ratio from 3p to 3s (ground state) 

Nj/No = 6/2 exp – {(6.6256x10
-34

 J s * 2.998x10
8
 m s

-1
)/(589.3 nm * 10

-9
 

m/nm)(1.38x10
-23

 JK
-1

 * 3273 K)} 

N3p/N3s = 1.7x10
-3

 

N4s/N3p * N3p/N3s = N4s/N3s = 7x10
-3

 * 1.7x10
-3

 = 1.2x10
-5

 

b. For a plasma source at 9000 
o
C 

I. First calculate ratio between 4sto 3p 

The excited state is the 4s (Pj = 2) and ground state is 3p (Po = 6) 

Nj/No = Pj/Po exp 
–
 
hc/λKT

 

Substitution gives: 

N4s/N3p = 2/6 exp – {(6.6256x10
-34

 J s * 2.998x10
8
 m s

-1
)/(1139 nm * 10

-9
 

m/nm)(1.38x10
-23

 JK
-1

 * 9273 K)} 

N4s/N3p = 8.53x10
-2

 

II. Calculate ratio from 3p to 3s (ground state) 



 10

Nj/No = 6/2 exp – {(6.6256x10
-34

 J s * 2.998x10
8
 m s

-1
)/(589.3 nm * 10

-9
 

m/nm)(1.38x10
-23

 JK
-1

 * 9273 K)} 

N3p/N3s = 0.215 

N4s/N3p * N3p/N3s = N4s/N3s = 8.53x10
-2

 * 0.215 = 1.8x10
-2

 

 

 

9-16 Assume that the absorption signal shown in the figure below were obtained for 2 

µL aliquots of standards and sample. Calculate the concentration in parts per million 

of lead in the sample of canned orange juice. 

 

Plot the three points as follows: 

Concentration (ppm)  Absorbance 

0.05     0.09 

0.1     0.17 

0.2     0.34 

Unknown    0.1 
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From linear regression analysis of the data we have: 

Cx = -0.003 + 0.598 S where S is the signal and Cx is the concentration 

Cx = 0.0595 

 

9-17 Suggest sources of the two signals in the figure above that appear during the 

drying and ashing processes. 

 

The appearance of peaks during drying and ashing processes could be attributed to 

formation of particulates which result in scattering. Also, volatile molecular species 

formed during these processed obviously contribute to observed signals. 

 

9-18 In the concentration range of 1 to 100 µg/mL P, phosphate suppresses the atomic 

absorption of Ca in a linear manner. The absorbance levels off, however, between 100 

and 300 µg/mL P. Explain. How can this effect be reduced? 

 

The extent of ionization will definitely be more pronounced when the concentration of 

uranium decreases since the vapor pressure of uranium atoms decreases. Fraction 

ionized is inversely proportional to partial pressure of atoms before ionization. 

When an alkali metal is added electrons are introduced in the system, thus decreasing 

ionization of uranium. 

 

9-19 What is the purpose of an internal standard in flame emission methods? 

The purpose of an internal standard in flame emission spectroscopy is to correct for 

small fluctuations in flame temperature as well as correction for fluctuations in 

sample aspiration rate. 

 

 

9-20 A 5.00-mL sample of blood was treated with trichloroacetic acid to precipitate 

proteins. After centrifugation, the resulting solution was brought to a pH of 3 and was 

extracted with two 5-mL portions of methyl isobutyl ketone containing the organic 

lead complexing agent APCD. The extract was aspirated directly into an air-acetylene 

flame yielding an absorbance of 0.444 at 283.3 nm. Five-milliliter aliquots of standard 

solutions containing 0.250 and 0.450 ppm Pb were treated in the same way and 

yielded absorbances of 0.396 and 0.599. Calculate the concentration Pb (ppm) in the 

sample assuming that Beer's law is followed. 

 

For two points calibration we have: 

Slope of the standard plot = (A2 – A1)/(C2 – C1) 

Slope = (0.599 – 0.396)/(0.45 – 0.25) = 1.02 
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Therefore, can calculate the intercept from the straight line equation: 

A = mC + b 

0.599 = 1.02*0.45 + b 

b = 0.140 

Now, we can find the unknown concentration: 

0.444 = 1.02Cx + 0.140 

Cx = 0.298 ppm 

 

9-21 The sodium in a series of cement samples was determined by flame emission 

spectroscopy. The flame photometer was calibrated with a series of NaCl standards 

that contained sodium equivalent to 0, 20.0, 40.0, 60.0, and 80.0 µg Na2O per mL. 

The instrument readings R for these solutions were 3.1, 21.5, 40.9, 57.1, and 77.3. 

(a) Plot the data using a spreadsheet. 

(b) Obtain a least-squares equation for the data. 

(c) Calculate the statistics for the line in (b). 

(d) The following data were obtained for replicate 1.000-g samples of cement that 

were dissolved in HCl and diluted to 100.0 mL after neutralization. 

Emission Reading 

Blank   Sample A  Sample B  Sample C 

Replicate 1  5.1   28.6   407   73.1 

Replicate 2   4.8   28.2   41.2   72.1 

Replicate 3   4.9   28.9   40.2   Spilled 

Calculate the percentage of Na2O in each sample. What are the absolute and relative 

standard deviations for the average of each determination? 

 

Can be directly solved using any linear regression analysis program like excel or 

statview, etc. 

 

9-22 The chromium in an aqueous sample was determined by pipetting 10.0 mL of the 

unknown into each of five 50.0-mL volumetric flasks. Various volumes of a standard 

containing 12.2 ppm Cr were added to the flasks, following which the solutions were 

diluted to volume. 

unknown into each of live 50.0-mL volumetric flasks. Various volumes of a standard 

containing 12.2 ppm Cr were added to the flasks, following which the solutions were 

diluted to volume. 
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a. Plot the data using a spreadsheet. 

b. Determine an equation for the relationship between absorbance and volume 

of standard. 

c. Calculate the statistics for the least-squares relationship in (b). 

d. Determine the concentration of Cr in ppm in the sample. 

e. Find the standard deviation of the result in (d). 

 

Can be directly solved using any linear regression analysis program like excel or 

statview, etc. 

 

9-23 Why a continuous source like D2 lamp or tungsten lamp can not be used in 

atomic absorption spectroscopy? 

 

A monochromator is needed to block out radiation of wavelengths not absorbed by the 

analyte, otherwise a significant amount of radiation, whose intensity is unaffected by 

analyte concentration, reaches the detector, and prevents a linear response between 

absorbance and concentration. This was a problem for atomic absorption 

measurements, where the bandwidth of the atomic absorption line is typically 0.005 

nm. Relatively inexpensive monochromator system currently available do no resolve 

better than 0.1 nm and therefore, the normal radiation sources (deuterium and 

tungsten) cannot be used. However, the bandwidth of an atomic emission line is 

smaller again, typically 0.001 nm. Therefore, if a convenient means of producing the 

atomic emission line for the analyte could be developed, this would be the ideal 

source for atomic absorption. Thus was born the hollow cathode lamp (HCL) and the 

electrodeless discharge lamp (EDL). 

 

9-24 How does the HCL lamp work? 

 

Applying a high voltage across the electrodes causes ionisation of the inert gas. The 

gaseous ions move rapidly towards the cathode and dislodge some of the metal atoms 

from the cathode and produce an atomic cloud, a process is known as sputtering. 

Some of the sputtered metal atoms are in the excited state, and will emit the 

characteristic set of frequencies when returning to the ground state. Eventually, the 

metal atoms diffuse back to the cathode or to the glass walls of the tube and are 

redeposited. 

 

 
Interferences in flame AAS  
 

Interferences can be negative (sample absorbs less than it should) or positive (sample absorbs 

more than it should). Some of the common causes and solutions are described in the table 

below:   
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Interferences in AAS Cause  Common elements Solution  
Non-vaporisation of high-

melting compounds, such as 

phosphates and oxides  

Ca, Mg, Al Releasing agents which 

preferentially combine with 

either the interfering anion, e.g. 

lanthanum, or the analyte itself 

to form a low-melting 

substance, e.g. EDTA  

Formation of stable oxides in 

the flame  

Ca, Al High flame temperature and 

reducing (low oxygen) 

conditions  

Ionisation of atomic species, 

producing ions which do not 

absorb at the same wavelength 

as the atomic species  

Ca, Na, K The ionization process is an 

equilibrium one - M � M
+

 + e 

- and a more easily ionized 

species is added to push the 

analyte equilibrium back to the 

neutral atom  

Physical interferences, such as 

high suspended solid content, 

dissolved gases or high 

viscosity  

sample-related 

not analyte 

Sample preparation  

 

 

9-25 Describe the process by which a solution of an metal salt (MX) in a flask is 

converted into an atomic vapour in a flame-based atomic spectrophotometer. 

 

 
 

 

9-26 Draw a block diagram showing the components of a typical double beam 

flame atomic absorption spectrophotometer. 

 

 


