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Spectroscopic Deter mination of Excitation
Temperature and Electron Density in
Premixed Laminar Flame

S.S. Hamed

Physics Department Faculty of Girls, Ain Shams University, Cairo Egypt

Spectroscopic diagnostic technique are applied for the determination
of excitation temperature Te and electron density in Air - Acetylene premixed
laminar flame. A group of Fel spectral lines has been used to estimate Te
using Boltzmann plot. Electron number density was determined from atom ion
line pairs for Cd and Zn using Saha - Boltzmann equation after substitution the
obtained value of excitation temperature. The obtained result of temperature
show that the populations of energy levels follow Boltzmann’ s distribution law.

1. Introduction:

The atomization processes taking place in flames used as atom
reservoir in analytical atomic absorption spectroscopy is considered as essential
parameter that determines the absorption signal. The conditions with the flames
depend mainly on the temperature and electron number density prevailing in the
flame. These physical quantities describing the flame condition depend on
some experimental parameters namely; fuel oxidant ratio, flow rates and design
of the burner.

In flames burning at atmospheric pressure the primary reaction zone is
extremely thin. Thus the residence time of the gasesin this region is too short
for the reaction between fuel and oxidant to reach completion or for
thermodynamic equilibrium to be established. The region of interconal zone is
much broader than the reaction zone; in such region the equilibrium is usually
established via recombination of radicals and dissociation of the combustion
products. This region of thermal equilibrium begins almost outside the reaction
zone. The nature of the interconal zone for particular fuel / oxidant
combinations varies considerably with the mixture strength. Consequently, this
region is of interest for studies of the kinetics of flame processes, which depend
mainly on excitation temperaturein the flame.
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For the determination of the excitation temperature in flames sodium
line reversal method is usually employed. [1,2,3] In this method sodium is
added to the flame that is viewed through a spectroscope against a bright
background continuum source. If the latter is operated to be hotter or colder
than the flame, the sodium D lines will appear respectively either as dark lines
in absorption or as bright light lines standing out against the the background. A
reversal point is obtained when both source and flame are at the same
temperature. This method requires special apparatus and are frequently time —
consuming.

Another widely used technique is the intensity measurement of spectral
lines emitted by the flame, which, in case of local thermal equilibrium, is given

by :

1 hc N _E
i =————-0;Ae
. Adr A U (T) . (1)

where N isthetotal number density of atomsin the ground state.
g, the statistical weight of the upper level.

E, isthe energy of the upper level
U (T) isthe partition function.

when oscillator strength f, is introduced instead of transition probabilities A
the equation takes the form

TR U em,

where g isthe permeability of free space.
m, the electron mass.
e the electron charge.

According to the forgoing equation Te can be determined using only
one spectral line. However, this requires the determination of the absolute
intensity, accurate values of transition probability, partition function and the
knowledge of total number of atoms N,. To avoid these difficult T can be
determined from the intensity ratio of two or more spectral lines belonging to
the same ionization stage. In this case, the partition function, and the number
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density N, cancel, in addition there is no need to measure absolute intensity. In
order to obtain accurate temperature values a number of spectral lines can be
used. From the foregoing equation it can be seen that

3
log 2 = Const. - E
gf KTexc

3
Thus the plot of Iog% or log ﬁ versus the energy of the upper

level E yield a straight line, if the population of the energy states obey
Boltzmann distribution law. The straight lines is called Boltzmann plot. Its

1 0.625
slope equals - =-
peed KT

exc exc

if E/istakenin cm™ or -5040/T if E; isin eV.

The electron density, on the other hand can be determined by apply
Saha equation from which the ratio of the intensity of an atom line I, to that of
anion |; belonging to the next ionization stage of the element is given by

Ii _i 27k 3/2 giAﬂ“a T 312 exp_Eion+AEion exp Ea_Ei

T 2( 2 ) jon
I n h gaAaﬂ’l KTion KTexc
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From which the electron density (ne) can be determined.

In the present work spectroscopic diagnostic technique are applied for
the determination of excitation temperature and electron density in premixed
laminar flame. The excitation temperature is measured using group of Fe |
spectral lines [4] while the electron density is determined from the intensity
ratio of atom/ ion line pairs of Cd and Zn.[5]

2. Experimental:
2.1. Experimental Set up:

Perkin-Elmer atomic absorption spectrometer model (2280) equipped
with burner nebulizer for an air - acetylene flame having single slot 100 mm
was used. The dispersive element of the monochromator is plane grating having
1800 line/mm blazed at 255 nm. The monochromator has a focal length equal
267 mm equipped with a photomultipler and a digital read out system.
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2.2. Spectral Linesfor Excitation Temperature:

Table (1) gives the wavelengths and the atomic constants of 7 Fe |
spectral lines. For These lines at least 12 sources for the oscillator strength
values are available. For the determination of Te. Of the present flame cell
these sets of oscillator strengths were applied to construct the Boltzmann plot.
For this purpose a computer linear regression program ( Segma plot ) was used,
that gives the slope of the straight line Boltzmann plot as well asthe error in the
slope AS that originates from the scatter of the experimentally determined line
intensities. Accordingly both Te. and the error AT, could be determined for
each set of gf values, the most appropriat set of gf values was chosen that yields
the smallest values of ATe.

Table (1): Fel emission Line data.

Log of

A (nm)|E (cm™)
CT [CB [MS| C |Rm| K |AA| J | VS [BK | HP | BH

371.9| 26875 | -0.32| -0.29] -054] -054| -0.17| -0.54] -0.51| -0.27| -0.20| -0.43[ -0.43| -0.45

372.3] 27560 | -1.02| -1.08| -1.28] -1.33| -1.02| -1.18| -1.22| -0.92| -1.03| -1.28| -1.22| -1.28

2735 33695 | 057 | 062 | 0.35| 040 | 057 | 0.41 | 0.38 | 0.67 | 052 | 0.31 | 0.30 | 0.23

273.7| 27167 | -0.50] -0.49| -0.66| -0.67| -0.31| -0.62| -0.64| -0.35| -0.35| -0.57| -0.57| -0.60

374.8| 27560 | -0.87| -0.83| -1.04] -1.08| -0.76| -1.00| -1.04| -0.72| -0.79| -1.01[ -0.98 -1.06

374.9| 34040 | 044 | 043 | 020 | 0.24 | 041 | 0.30 | 029 | 057 | 0.39 | 0.17 | 0.18 | 0.09

375.8| 34329 | 031 | 034 | 003 | 007 | 022 | 018 | 0.31 | 0.45 | 0.26 | 0.00 | 0.00 | -0.03

CT: Corliss& Tech[6] AA: Allen & Asaad [12]

CB: Corliss & Bozman [7] J. Jurgens[13]

MS:. Margoshes & Scribner[8] VS:. Vaters & Startsev [14]

C : Crosswhite[9] BK: Bridges & Kornblith[15]

Rea: Reif & Fassel and Knisely[10] HP: Huber & Parkinson [16]
K: King[11] BH: Banfield & Huber [17]

3. Spectral Linesfor Determination of Electron Density:

For the determination of the electron number density in the flame under
investigation, atom /ion line pairs of elements that have measured values of
transition probabilities were selected. In the present work atom / ion line pairs
of Cd and Zn will available. There E and gA values are given in Table (2). For
these line pairs transition probabilities determined by two outhers are given in
Table (2).
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Table (2): Cd& Zn Datafor electron density measurement.

A i
Species A (nm) E (cm™) ) A, A, Ratios
AS BS
Cd | 228.802 43692
2.6575 3.3949
Cd Il 226.502 44136
Zn | 213.86 46745 3.0290 2.5203
Znll 206.19 48481
AS: Andersen & Sorensen [18] BS: Bauman & Smith [19]

4. Reaults and Discussion:
4.1. Optimal Condition:

The flame under investigation is used as an atom cell for atomic
absorption spectroscopy measurements [20, 21]. For this reason it is worth to
carry out that the spectroscopic diagnostic measurements under the optimal
conditions of the flame as an atom reservoir. The parameters that control the
flame conditions are the flow rates of fuel (acetylene), oxidant (air) and height
of burner.

Optimal values of these parameters are considered those that yield the
high value of absorption. It was observed that the optimal values for the flow
rate of air and acetylene are 9.35L/min and 0.7L/min respectively; the values of
the vertica and horizontal burner height are 175 mm and 20mm
respectively .[22]

4.2. Atom Excitation Temperature:

Solution containing 200 ug/ml Fe was aspirated into the flame set at the
previous obtained optimal conditions for the determination of Te.. Table (3)
gives the results obtained for the excitation temperature Te. from the
measuring intensity of the selected Fe spectral line after the substitution with
al available sets of transition probabilities. It can be seen that two values of
calculated Te may have nearly the same values, while the correction AT may
differ significantly according to the set of transition probability. Figures (1&2)
show an example for the Boltzmann plot obtained using the gf values according
to Jurgens [13] and King [11]
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Table (3): Results obtained for flame temperature measurements

Reference of gf Temperature (T) ATexc
values
CT 2485.89 68.94
CB 2607.54 98.03
MS 2555.20 66.07
C 2457.28 83.43
Rea 2743.20 125.49
K 2719.52 473.46
AA 2392.54 105.17
J 2465.09 50.77
VS 2707.27 119.60
BK 2710.14 122.48
HP 2745.45 97.70
BH 2776.09 128.99
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Fig. (1): Boltzmann plot according to King values of df.
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Fig. (2): Boltzmann plot according to Jurgens values of df.

5. Electron Density M easur ement:

For the determination of electron density in the flame, standard solution
containing 200pg/ml for Cd and Zn was nebulized at the previous optimal
condition. The intensity of atom (I) and ion (I) lines for the two elements
chosen was measured. The calculation of the electron density was carried out
under the assumption that the flame is in local thermodynamic equilibrium
(LTE). So the substitution for the ionization temperature (Ti,,) by the same
value obtained for the excitation temperature (Te), according to Jurgens g
values, in equ.(3) the electron number density can be determined. Table (4)
illustrates the obtained electron density for the two sets of the available
transition probabilities. It can be seen from the table that the results are in good
agreement with each other.

Table (5): Results obtained for electron density measurement

Species Reference of gA values | Electron density (cm®)
Cd AS 4.770x 10"
Zn 0.862x 10"
Cd 8s 3.750x 10"
Zn 1.039x 10%
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Conclusions;

From the results obtained in the present work it can be seen that straight
lines obtained for the Boltzmann plots for Fe | lines show that the
population distribution over the energy levels follow Boltzmann's law.

In the Air- C,H, flame the excitation is thermal with a temperature
around 2400K°,

The obtained excitation temperature was in good agreement with that
obtained experimentally by continuum atomic absorption method. [23]
The calculated electron densities for Cd from the two sets of gA used are
in good agreement with each other aswell as from Zn.
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