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ABSTRACT
In this article we will present an attempt to
measure the Stark broadening parameter of the
Zn I-line at 636.23 nm utilizing the optical emission spectroscopy (OES) technique, taking into
consideration the possibility of existence of self
absorption. This method is standing on comparison of the Lorentzian FWHM and spectral
line intensity of the unknown Stark broadening
parameter line (Zn I-636.23 nm—in our case) to a
well known Stark parameter line (e.g. Zn I-lines
at 472.2, 481 and 468 nm) at a reference electron
17
−3
density of 2.7 × 10 cm and temperature of 1
eV. We have utilized the emission spectral data
acquired from well diagnosed plasma produced
by the interaction of Nd: YAG laser at wavelength of 1064 nm with ZnO nanomaterial target
in open air. The results indicates that the Stark
broadening of the Zn I-line at 636.23 nm is centered at 5.06 ± 0.03 Å with a 25% uncertainty at
the given reference plasma parameters. The
knowledge of the Stark broadening parameter of
the 636.23 nm line may be important in the diagnostics of the laser plasma experiments especially in the absence of the Hα-line.
Keywords: Stark Broadening Parameter; LIBS;
OES; ZnO; Zinc Lines

1. INTRODUCTION
The measurement or/and the calculation of the Stark
broadening parameter of emission spectral lines is of
Copyright © 2013 SciRes.

prime importance in different fields e.g. plasma diagnostics, modeling and investigation of interstellar atmosphere [1,2].
Different plasma sources were employed e.g. the gasdriven shock tubes [3], wall-stabilized arcs [4-10], lowpressure pulsed arcs [11] and plasma jets [12]. In these
investigations, temperature and electron density values
were at the ranged of 0.85 - 2.2 eV and 1016 - 1017 cm−3,
respectively.
The Stark profiles of atomic lines in plasma are produced under the action of the low-frequency fields of
ions and/or under the action of high-frequency fields of
electrons [13-15].
The contribution of the high frequency micro field
electrons to line broadening was assumed as a collision
broadening which is the most important effect of distant
non-adiabatic encounters and was treated in terms of perturbation theory [14]. These moderated fields act not to
split the upper emitting state, but it rather acts to broaden
the emitted line. It was shown earlier that this effect leads
to inhomogeneous broadening of spectral line i.e. the
emitted line become of Lorentzian shape on contrast to
other broadening mechanisms e.g. Doppler effect which
leads to a homogeneous broadening [15].
In order to investigate the Stark broadening parameter
of any spectral line, a source of light as well as a suitable
analytical technique should be employed. One of the
promising light sources is the plasma produced via laser
interaction with matter in what is called LIBS (Laser
Induced Breakdown Spectroscopy) or laser ablation.
Two measurable parameters are utilized to describe
the thermodynamical state of the plasma; namely plasma
electron density and temperature. Both quantities can be
OPEN ACCESS

502

A. M. El Sherbini et al. / Natural Science 5 (2013) 501-507

measured spectroscopically via a reliable optical technique called optical emission spectroscopy (OES). In this
technique, one has to assume that the emitted light from
the plasma is sufficiently influenced by the plasma parameters. In normal laboratory plasmas excited via laser
ablation, the plasma is characterized by a density in the
range around 1017 cm–3 and temperatures of around 1 eV
which indicate the existence of the plasma in local thermodynamical equilibrium (LTE) regime [16].
The emitted spectra from plasma contain a wealth of
information that are stored in the emitted line shape as
well as the continuum radiation often appeared under the
emitted lines. The relative spectral radiance (in the units
of counts per sec) of some emitted lines can be related to
the plasma temperature while the Lorentzian full width
of the line at half of the maximum spectral radiance
(FWHM) is usually contains information about electron
density and/or ion density [14-16].
In the measurements of the Stark broadening parameters, certain criteria should be fulfilled and are summarized as following [17]:
 The plasma source must be well diagnosed (i.e. is of
well known electron density and temperature), homogeneous and appear quasistatic during the period of
observation;
 The electron density and temperature should be measured independently of the investigated line;
 Other broadening mechanisms should be calculated
and compared to the Lorentzian FWHM;
 The investigated spectral line should be optically thin.
However, the condition imposed on the optical depth
of line raises the following question; what if the line is
optically thick! In this article, we shall take the optical
depth of the line into consideration.
The Zn I-lines are of interest and have been observed
in many stellar plasma as well as the solar spectra [18].
The Stark broadening parameter of the Zn I-triplet lines
at 468, 472.2, 481, 328.23, 330.23, and 334.5 nm can be
found at different tables as measured and/or calculated
according to different models and extensively collected
and reviewed at references, see for example [17-19].
For unknown reason and after a careful revision of the
different tables, the Stark broadening parameter of the Zn
I-line at 636.23 nm was found not found either theoretically predicted or experimentally measured.
In this article we shall present a simple and straightforward method to measure experimentally the Stark
broadening parameter of the Zn I-line at 636.23 nm. This
is in order to use this line to measure the electron density
of the plasma produced by laser interaction with a nano
as well as bulk ZnO material whereas the Hα-line [20-22]
may not any longer be appeared, especially in the interaction of laser with nanomaterials.
Copyright © 2013 SciRes.

2. THEORETICAL BASIES
For a well resolved, optically thin spectral line, the
spectral radiance I 0k over line labeled (k), centered at
wavelength k as a result of a transition from upper state
of energy Ek, and having a statistical weight of gk and a
transition probability of Am can be expressed as [16]:
I0k 

  Ek 
Ak g k  hcN 0 

 exp 

k  4πU 0 
 KTe 

(1)

 N 0 U 0  Is the population density of the ground state
per unit statistical weight (U0 is the partition function of
the ground state, h and c having their usual meaning,
KTe is plasma electron temperature. If this line is subjected to certain absorption, its spectral intensity should
decreases to I k  I 0 k . The amount of decrease was quantified by the coefficient of self absorption SAk [16]:
 I
SAk   k
 I0k

  1  exp   k  


k
 


(2)

where  k is the optical depth of a homogeneous plasma
slap [16]. Eq.2 indicates that SAk varies from unity in
case of pure optically thin line to the limit of zero in case
of completely self absorbed line [22].
Not very recently, the author was suggested that the
same physical quantity  SAk  can be expressed in terms
of the ratio  sk 0 sk  of the Lorentzian full width at
half of the maximum (FWHM) components of the same
spectral line with and without absorption [22]:
1

1

 sk    N ekline 
SAk  
 ,   0.54
  

 0 sk 
 N e H 

(3)

N ek line is the plasma electron density as measured
from the suspected line (labeled-k) and N e H is the
electron density as derived from the optically thin Hαline (which should appeared in the same emission spectrum under the same experimental condition). Eq.3 also
indicates that SAk is in the range from zero in the case
of completely absorbed line to unity in the case of perfectly optically thin line.
As an extension to the previous work, we shall define
the ratio of the self absorption coefficients of two lines
labeled (k & u), one at the transition wavelength (k) with
known Stark broadening parameter and the other at
wavelength labeled (u) with unknown Stark parameter as
 SAk SAu  . Consequently, the term NeH in Eq.3
would be canceled, and with the help of the expression
N e   s 2s  N r plugged in Eq.3, the relative self
absorption coefficients should read:
SAk  sk su

SAu  sk su
After a rearrangement to Eq.4a

1


(4a)


we can get su in
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terms of sk as;


 su   SAk 


 sk   SAu 

su  sk 

(4b)

The ratio  su sk  of the Lorentzian FWHM of
both lines (labeled-u, k, respectively) can be measured
experimentally with fair precision via fitting of the emitted spectral line profiles to the Voigt line shape [15,16,

22]. On the other hand, the  SAk SAu  ratio can be
expressed, with the help of Eq.2 for the two lines k & u
as:
SAk  I k I 0u 


SAu  I u I 0 k 

(5a)

The term  I k I u  is the experimentally measured
relative spectral radiance at the lines centers (in the units
of counts/sec), while the term  I 0u I 0 k  is the well
known theoretical relative intensity of the two lines
which can be expressed as:
I 0u   gu Au   g k Ak
 
 
I 0 k   u   k

 Ek  Eu 


  exp 

 KTe 

(5b)

After combining Eqs.5a and b then substitute in Eq.
4b, the unknown Stark broadening parameter coefficient
su can be expressed as;
 
su  sk  su
 sk

  I k Au gu k
 E  Eu
exp  k
 
  I u u Ak g k
 KTe




 


(6)

With the measurement of the relative Lorentzian
FWHM of the two different lines  su sk  together
with their spectral intensities at the lines centers  I k I u  ,
one can evaluate the Stark broadening of the unknown
line su in terms of the well known parameter sk

and other known atomic quantities.
It is worth noting that the term exp  Ek  Eu KTe  is
unity if both lines are originated from the same upper
state, otherwise, it should be taken into consideration
with a rough knowledge of KTe .

3. EXPERIMENTAL SETUP
In this article we shall utilize the data gained from the
interaction of the high peak power Nd: YAG laser with
nano and bulk targets in open air and was published earlier at Ref [21]. The experimental setup is shown in Figure 1 and described in details in a previous publication
[21]. The irradiation system comprises an Nd: YAG laser
able to deliver an energy of 650 mJ/pulse at the fundamental wavelength 1064 nm, at constant duration of 5 ns.
The detection system consists of an SE-200 echelle
type spectrograph equipped with time gated Andor iStar®-ICCD camera. The emitted light from plasma is spatially integrated and collected at the entrance hole of
spectrograph via a 25 μm quartz fiber, positioned, with
the help of precise xyz-translational stage holder, at 15
mm from the laser-plasma axis. In this article we have
utilized the acquired data resulted from the plasma generated from the nano ZnO target only. The relative spectral response of the camera-MCP (Micro channel plate)
and spectrograph including optical fiber over the entire
wavelength window from 200 to 1000 nm was measured
using a Deuterium-Halogen lamp (type, DH-2000-CAL).
The processing of the experimental data was carried out
using home-made routine built under the MATLAB7®
package [23].

4. RESULTS AND DISCUSSION
Before the application of Eq.6, one has to choose the

Figure 1. Experimental setup.
Copyright © 2013 SciRes.
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suitable experimental plasma condition i.e. the suitable
delay and gate times at which the measured plasma electron density and temperature are close as much as possible, to the values of the plasma parameters at which the
known Stark broadening parameters sk are given at
the standard tables [17-19]. It is worth noting that, the
data of the known sk given at references [17-19] were
measured and/or calculated at two different reference
electron density values namely; 4.5 × 1017 and 1 × 1017
cm–3 at 1 eV, therefore, we have considered the average
electron density (i.e. 2.7 × 1017 cm–3 at 1 eV) as our reference plasma parameters with the corresponding values
sk at each line are given at Table 1.
Fortunately, a fine inspection to the measurements
made before to a plasma initiated via interaction of laser
with nanomaterial ZnO target (published in reference
[21]) shows that the suitable plasma experimental condition (electron density of 2.5 ± 0.2 × 1017 cm–3 and temperature of 0.997 ± 0.1 eV) was only, at a delay time of 2
μs and gate time of 1 μs. This means that, we shall apply
Eq.6 to the analyzed light emerged from a plasma having
electron density of 2.7 × 1017 cm–3 [21] (which will be
taken as the reference density Nr) at the reference electron temperature of 1 eV. It is worth noting that, these
values of the measured plasma parameters ensure the
existence of our plasma in the LTE condition
Figure 2 shows the recorded emission spectrum from
the Zn-I lines at delay time 2 μs and at a gate time of 1 μs.
A relatively small continuum component appeared under
the lines resulted from the free-free transitions of the fast
Table 1. The used atomic parameters of the used Zn I-lines
together with Stark broadening parameters at the given reference electron density and temperature.

a

λ (nm)

Trans.

Aj sec−1

gj

Ej eV

ωSa Å

Acc.

472.20

3S1-3P1

4.58 E7

3

6.6673

1.37

50%

481.01

3S1-3P2

7.00 E7

3

6.6674

1.25

50%

468.02

3S1-3P0

1.55 E7

3

6.6673

1.06

50%

636.23

1D2-1P1

4.65 E7

5

7.7585

-----

---

17

−3

At reference density of 2.7 × 10 cm and temperature 1 eV.

Figure 2. The emission spectrum from zinc plasma at the Zn
I-lines taken at delay time of 2 μs and gate time of 1 μs.
Copyright © 2013 SciRes.

electron in plasma (Bremsstrahlung) as well as the freebound transitions (Recombination). This component was
omitted before proceeding to analyze the spectral lines.
Homemade software was built for such purpose and published at reference [23].
In order to examine the reliability of the method, the
following procedures were done; First we have considered the line emitted from the Zn I at 472.2 nm as the
line of the known Stark broadening parameter coefficient
ωsk (472.2 nm) = 0.137 nm at Nr = 2.7 × 1017 cm–3, Te = 1
eV, then we have applied Eq.6 to predict the Stark
broadening parameter of the Zn I-line at the Zn I-line at
481 nm which acts now as the unknown parameter line.
Conditionally, if the suggested method is reliable, then
the predicted value for this line should be ωsk (481 nm) =
0.125 nm at Nr = 2.7 × 1017 cm–3, Te = 1 eV.
Second; we have applied the same procedure to predict the same coefficient for the Zn I-line at 468 nm,
which should give the following parameter value ωsk
(468 nm) = 0.106 nm at Nr = 2.7 × 1017 cm–3, Te = 1 eV.
The Lorentzian FWHM of either line at wavelengths
of 472.2, 468 and 481 nm was extracted via fitting of the
experimentally measured spectral line shape to the Voigt
line shape taking the instrumental broadening into account. It is worth noting that, at the recommended reference electron temperature of 1 eV, the Doppler broadening component of the line FWHM was found ~0.04 nm
and hence, it can be neglected without too much error.
Moreover, other broadening mechanisms e.g. Van der
Wall and resonance broadening were found very small
and contributes to the line FWHM by nearly 0.01 nm and
they also can be neglected.
On other hand, the ion broadening component, which
manifests itself on the form of certain line asymmetry,
was recognized as shown at Figure 3 (indicated by black
arrows) and hence, it was taken into consideration as a
source of error in the fitting and was found to produce an
error in the fitting by about 20%.
The spectral radiance of the lines was measured in the
units of counts per sec (as given on the set of Figure 3)
at the lines centers using the same software program after
the subtraction of the continuum components appeared
under the lines [23]. The atomic parameters of the different Zn I-lines are given at Table 1.
The results of the suggested method to predict the
Stark broadening parameters of the known Zn I-lines at
wavelengths of 481 and 468 nm are presented at Table 2.
It is important to notice that, the given values at references [17-19] of the broadening parameters are subject to
accuracy higher than 50% and hence an uncertainty lower
than 50%. This uncertainty was taken into consideration
in the calculation of the combined errors due to different
sources (including uncertainty in the given transition probabilities).
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Table 2. The results of the measurement of the Stark broadening parameter of the Zn I line at 636.23 nm.
Predicted Stark broadening parameter
ωSu (Nr = 2.7 × 17 cm−3, Te = 1 eV) Å

Tabulated values at references* [17-19]
ωSk (Nr = 2.7 × 17 cm−3, Te = 1 eV) Å

Accuracy %

ωSu (481 nm) = 1.24

1.25

50a

ωSu (468 nm) = 1.06

1.07

50a

ωSu (636.23 nm) = 5.077

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

75b

ωSk (481 nm) = 1.25

ωSu (636.23 nm) = 5.030

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

75b

ωSk (468 nm) = 1.06

ωSu (636.23 nm) = 5.090

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

75b

Reference line Stark broadening parameter
ωSk (Nr = 2.7 × 17 cm−3, Te = 1 eV) Å

ωSk (472.2 nm) = 1.37

a
The values given are the average values calculated at the average reference density and temperature (as given at table at references 17 - 19); bThe estimated
accuracy of our results.

(a)

(b)

(c)

(d)

Figure 3. Shown is the fitting of the different experimentally measured spectral lines
shapes (red curve) (a)-(d) to the Voigt line shape (black curve) and the extracted Lorentzian FWHM as well as the spectral intensities are also given in beneath. The black
arrows indicate the existence of the line asymmetry.

The overall uncertainty was found reduced to 25%, which
means that the accuracy in our estimated values of the
Stark broadening parameters is in the range around 75%.
This is may be attributed to the nature of the power dependence in Eq.6.
Moreover, Table 2 presents the final results of the predicted value of the Stark broadening parameter of the Zn
I-line at 636.23 nm in terms of the known sk of the
three different Zn I spectral lines at 472.2, 481 and 468
nm. The close values of the final results, regardless of
the used reference line indicate the reliability of the suggested method.
Copyright © 2013 SciRes.

Finally and because of the lack of theoretically calculated or other experimentally measured value to the Stark
broadening parameter of the Zn I-line at 636.23 nm, we
are not able to extensively discuss the final result about
the value of the measured parameter (5.06 ± 0.3 Å) and
we shall left that to future theoretical work.

5. CONCLUSIONS
In this article we have extended a method of estimation of the Stark broadening parameter to certain line via
optical emission spectroscopy to measure the broadening
OPEN ACCESS

506

A. M. El Sherbini et al. / Natural Science 5 (2013) 501-507

parameter of the Zn I-line at 636.23 nm.
We have been used a reference line of known Stark
parameter (Zn I-lines at 472.2, 481, 468 nm) at an electron density of 2.7 × 1017 cm3 and temperature of 1 eV.
The direct comparison of the Lorentzian FWHM and the
spectral radiances of the unknown Stark parameter at
636.2 nm to the known Stark parameter of the Zn I-lines
together with atomic quantities enable us to roughly estimating the parameter which was found to be centered at
5.06 Å with error margins around 25%. This method provides a very quick method to estimate the Stark broadening parameter of certain lines. The Stark broadening
parameter of the line at 626.23 nm is vital in utilizing the
line to measure the electron density of the plasma produced from nano and bulk material targets as will be
demonstrated in next publication.
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