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ZɳMɳO3 nanoparticles system was prepared by the sol-gel auto-combustion method, in order to analyze 
the structure and magnetic behavior presented in such compound prepared by a new alternative route 
of synthesis. Structural characterization, bonds, morphology and size were performed by X-ray 
diffraction (XRD), infrared spectroscopy (IR) and electron microscopy (TEM) and additionally an optical 
characterization (UV-vis) at room temperature. The XRD study showed that the  compound 

crystallized in a mixed cubic perovskite-wurtzite structure. The IR spectra showed that the compound 
has energy bands in the  bonds related with octahedral; which is attributed to a vibration 

characteristic of the perovskite ABO3 type, addition to find the absorption bands associated with  

bonds, characteristic of the presence of structural wurtzite hexagonal phase. An estimated size and 
morphological analysis was carried out by applying the Scherrer´s formula and Transmission Electron 
Microscopy (TEM), revealing non-spherical nanoparticles of 16nm in size. The magnetic measurements 
M(T) were performed using zero-field-cooled (ZFC) and field-cooled (FC) protocols revealing a negative 
Weiss temperature indicating antiferromagnetic behavior with a Néel temperature of  13K. From the 
optical characterization was possible to get the energy gap at room temperature of  . 

 
Key words: Auto-combustion, antiferromagnetic, manganites, nanoparticles, Néel temperature, perovskite, Sol-
Gel, Wurtzite. 

 
 
INTODUCTION 
 
Crystallographic phases in   systems have 
been report generally in two types, hexagonal  

and tetragonal spinel  (Saraf et al., 2010). 
 phase is mostly observed in the form of a phase 

mixture along with  and  (Saraf et al., 2010; 
James et al., 2012). There are few reports of successful 
synthesis approaches towards  (in the mixed 
phase  form)  partly  because  of  its  instability;  relatively 

narrower  doping and temperature range for  
formation (Peiteado et al., 2007; Chamberland et al., 
1970). Tetravalent manganese compounds such as  

and  have been previously reported, while the 
spinels of  are rare.  (A=Ca, Ba, Sr, Ni, Co, 

Zn and Mg) compounds containing  ions normally 
crystallize in either the ilmenite (A=Ni, Co, Zn and Mg) or 
the     perovskites   structure   (A=Ca,   Ba   and   Sr)
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Figure 1. Pattern XRD nanoparticles of  
 

𝑍𝑛𝑀𝑛𝑂3 . 
 
 
 
(Menaka et al., 2011); in which it can have an ideal 
structure cubic  space group, orthorhombic  

space group or rhombohedral  space group. The 
stoichiometry with valence states corresponding to Zinc 
Manganites  is , assigning a cubic unit 

cell body-centered, bcc, whose center  cation is 
placed;  cations occupying the eight vertices of the 

cell and the anions bcc  occupy the mid-points 
between the cations , in the middle of the edges of the 
bcc cell (Varshney and Kaurav, 2004; Ghosh et al., 
2007). 

Here the authors present synthesis, X-Ray diffraction 
(XRD) and magnetic measurements  of the  
nanoparticles system of the mixed cubic structure, 
perovskite-wurtzita. The results of detailed magnetic  
studies show an antiferromagnetic behavior with 

, behavior reported very recently (Menaka et al., 
2011; Jacimovic et al., 2011). Nevertheless, ferrimagnetic 
behavior has also been reported in  nanoparticles 
with a Néel temperature of 20 K (James et al., 2012); in 
previous years, Saraf et al. (2010) reported sol-gel 
synthesis of nanoparticles of cubic  with D = 30 
nm as size using nitrates method but without reporting 
any magnetic investigations. The synthesis of a cubic 

 nanoparticles was also reported by Toussaint 
(1964), but again without magnetic characterization 
(Toussaint, 1964). Recently, Jacimovic et al. (2011) 
reported the synthesis of cubic  nanoparticles by 
using nitrates, they observed splitting of the zero-field-
cooled (ZFC) and field-cooled (FC) magnetization data at 
15 K; however, no additional details of its magnetic 
behavior were reported. Therefore, further research is 
recommended to fully understand the nature of 
magnetism in  nanoparticles. 

Synthesis 

 

 nanoparticles systems were synthesized by the sol-gel 

auto-combustion method (Seminario, 2012; Munir and Holt, 1987; 
Chinarro et al., 2005). The precursors used were Manganese (II) 

Nitrate,  and Zinc Nitrate, ; both 

were easily dissolved in distilled water and stirred for 5 minutes at 

room temperature. On the other hand, citric acid  

was used as organic fuel  (combustion heat of Ch = 18.3 KJ, which 
is easily dissolved in distilled water, stirred at room temperature for 
10 min. All solutions were made separately until get a completely 
clear solution; then they were mixed and kept under stirring of all 

precursors already dissolved in a beaker on a hotplate at  85°C for 
4 h until the final product has a viscous and yellow appearance. 
After this, the sol-gel product was deposited in a shuttle glass and 
the center of a tube furnace preheated to 500°C. The furnace is 
slightly inclined to produce a slight convection that allows the air 
circulation at the time at which combustion occurs. A few seconds 
after introducing the sol-gel in oven, violent flames pointing 
appearance was observed that the self-combustion process had 
occurred; this releases large amounts of gases. Just when the 

material stops emitting gases, about 3 min after entering the 
material in the oven, the furnace was turns off and allowed to cool 
to room temperature. It is noted that grayish white foam was 
obtained. The material it was removed from shuttle glass (when 
there is combustion the material that is out of the shuttle glass is 
discarded, only material left inside the shuttle glass after 
combustion is used) and ground gently on agate stone. Thus 

 nanoparticles were obtained. 

 
 

RESULTS AND DISCUSSION 
 

 nanoparticles were characterized by X-Ray 
diffraction without further treatment. The diffractogram 
obtained at room temperature is shown in Figure 1. This 
was identified as a mixed cubic perovskite-wurtzite 
structure, where eight perovskite phase peaks are 
observed; (200), (220),  (202),  (141),  (114),  (412)  (153)
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Figure 2. FT-IR spectra for 

 

 

 
𝐿𝑎𝑀𝑛𝑂3 

 
. 

 
 
 
and (432) peaks plus fourteen wurtzite phase; (112), 
(220), (101), (202), (300), (422), (110), (511), (103), 
(440), (112), (201) (553) and (444). He also proceeded to 
compare the experimental diffraction pattern with the 
diffraction pattern of the reference (Saraf et al., 2010) and 
the JCPDS card #19-1461. Those reports said that the 
crystal structure of the  compound is a cubic 

structure face centered of  space group with 8.35 Å 
and 8.34 Å lattice parameters respectively. For the 
crystallographic study we use NBS-L program to 
calculate the value of the lattice parameter, the calculated 
value was a = 8.3488 Å. By using the diffraction pattern, 
peak (101), was carried out grain size estimation by 
applying the Scherrer´s formula to throw a value of 

. 
Figure 2 shows FT-IR spectra of the  

nanoparticles. In these spectra there are five absorption 
bands, three around 450, 600 and 3400  in which the 
absorption band at 450  corresponds to the  
bounds, characteristic of the presence of hexagonal 
wurtzite structural phase. The band at 600  is 
attributed to the vibration of  bonds 

perovskite  type (Coey et al., 1999; LiK et al., 1997). 
The absorption band at 3400  corresponds to   
stretching vibrations (water). The water present in the 
samples can result from those compounds are 
hygroscopic.    Finally,   two     smaller     bands     around 

2850  corresponding to bonds , combustion 

residues and the band at 1380 , which suggests the 
presence of N - o vibrations could be residues of nitrate 
source (Wang et al., 2005; Giri et al., 2010; Wade, 2005). 

Figure 3 shows an image of  sample taken with 
a transmission electron microscope (TEM) with full scale 
20 mn. It may be observed that the nanoparticles have an 
undefined shape (Although micrograph quality could take 
the necessary information). This is related to the 
synthesis  used, since the self-combustion is not 
performed in the total thermal equilibrium; the 
temperature in different parts of the sample to the flame 
appear at the time of combustion can be quite different, 
so it may cause a distribution of grain sizes of the 
obtained material. Attached at the bottom of fig 3 we 
show the graph of frequency versus particle diameter 
obtained from  micrograph, of which was fitted 
with a Gaussian bell-type displays. This allowed us to 
estimate an average particle size of . This 
value is consistent with Scherrer´s formula value for the 
size distribution the diameter of about 120 identifiable 
particles it was measured in the ZɳMɳO3 micrograph to 
make a statistical data. The particle sizes were taken by 
hand using a scale ruler who brings the IMAQ-Vision 
Builder program that comes with its own micrographs. As 
the particle shape is not spherical, several measurements 
of  particle  diameters  (between  4  and  5  values)   were
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Figure 3. TEM micrographs of  𝑍𝑛𝑀𝑛𝑂3  and size distribution. 

 
 
 

 
 

Figure 4. Temperature dependence of the magnetizations for 𝑍𝑛𝑀𝑛𝑂3  nanoparticles. 

 
 
 
made to have a simple average for each particle 
diameter. 

Figure 4 shows the  graph of  
nanoparticles; measured with ZFC  and  FC  protocols  in 

the temperature range of 5 K to 300 K. It can also be 
observe an irreversibility temperature, , at 160 K. In 
the ZFC curve a transition zone is observed at low 
temperatures suggesting that we could be approaching to
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Figure 5.  for nanoparticles of  𝑍𝑛𝑀𝑛𝑂3 . 
 
 
 
some magnetic ordering. The ZFC-FC magnetization 
curves, presented in fig 4, taken at low temperature, 
show that there are an AFM transition at 13 K, taken as 
Neel temperature TN, see inset of Figure 4, in agreement 

with previous determination. Notice that for  the 
curves ZFC and FC are widely separated. In the 
paramagnetic region,  shown in inset of Figure 4, 

the magnetic susceptibility; M/H =  versus temperature 
follow the Curie-Weiss law:  where the 
constant  and the paramagnetic Curie temperature  
may be obtained by using the linear behavior presented 

in fig 5. From the fit of 1/ 𝑣𝑠 𝑇  in the range of 130 to 300 
K temperature,   

 
 = − 98 𝐾  was obtained.  

Figure 5 shows the  taken from FC data. The 
negative value of  is in agreement with the 
antiferromagnetic magnetic interaction which is expected 
in these type of materials  (Menaka et al., 
2011; Jacimovic et al., 2011); in which  has a valence 

state causing only bounds  which show 
a magnetic super-exchange interaction. The experimental 
value of the effective magnetic moment obtain from the fit 
of the constant C was 

 

 
𝜇𝑒𝑓𝑓−𝑒𝑥 = 3.72 𝜇𝐵  which is close to 

the theoretical value of the effective magnetic momentum 

 

 

 
𝜇𝑒𝑓𝑓−𝑡𝑒𝑜 = 3.81 𝜇𝐵 

 
 (Coey et al., 1999; Arbuzova et al., 

2008). The small discrepancy between the theoretical 
value and the experimental effective magnetic moment 
may be due to the fact that this sample has a mixed 
perovskite-wurtzite structure; mainly because the 

presence of wurtzite crystalline phases of . 
Figure 6 shows the UV-vis optical  absorption  graph  of 

 nanoparticles. For the optical measurements, a 

pellet of mass 1.5 g with composition of 90% of 

 

 
𝑍𝑛𝑀𝑛𝑂3  

and 10% 

 

 
𝐾𝐵𝑟  make, the pellet is homogeneous in 

consistency. This mixture was brought into a press with a 
circular mold where it was subjected to a pressure of  
10 𝑇/𝑐𝑚2 , obtaining a thickness 0.65 mm pad. The optical 
absorption spectrum was taken at room temperature. The 
energy gap value was estimated using the relationship: 

. Where   is the photon energy,   is 

the absorption coefficient, , where  is the 
absorbance  and  is the thickness of sample pellet,  is 

the energy gap and  a constant. The direct energy gap 
can be obtained from the extrapolation of straight line to 

 as is shown in fig 6. For the UV-vis optical 
absorption graph analysis measure, the absorption 
coefficient , for different nominal values of  was 
calculated and plotted as a function of incident photon 
energy (Jacimovic et al., 2011) at room temperature. This 
shows that there is a region close to a linear behavior in 
the region between 2.5 eV and 3.5 eV. The main edge is 
constituted by a 

 
𝐸𝑔 ≅ 2.21𝑒𝑉  direct transition value.  Then, 

the quadratic dependence of the product of the 
absorption coefficient with the energy of the incident 
photon is obtained.  Before starting with the analysis of 
the result, we mention that the results obtained for the 

 sample is the direct transition analogous to the 

; because it has been taken as a reference to  
 

𝑍𝑛𝑂 ,  
𝑍𝑛(1−𝑥)𝑀𝑛(𝑥)𝑂  and  

 
𝑍𝑛𝑀𝑛2𝑂4  (Pan et al., 2011; Rivas, 

2012) in the analysis of optical absorption for zinc 
manganite   ,   because   there   are   few   reports
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Figure 6.  Room temperature at 

 
(𝛼ℎ𝑣)2𝑣𝑠 𝐸 ℎ𝑣  . 

 
 
 
on the optical absorption of this type of nanoparticles 
about it. It is assumed that this work is one of the 
pioneers in the study of the optical absorption of zinc 
manganite nanoparticles. Considering the reflectivity of 
the material, with a low absorption of the curve is set to 
zero, which is a translational axis; furthermore, a high 
absorption was observed possibly residual defects in the 
structure of the material, and/or the existence of other 
phases, etc. Under the experimental conditions which 
measurements were made, the value of direct energy 
gap from the reported values regarding Zinc Oxide  
𝐸𝑔 ≅ 3.40 𝑒𝑉 

 
 that speak of a decline in the value of the 

energy gap when the Zinc Oxide is Manganese doped,  
𝑍𝑛0,97𝑀𝑛0.03𝑂  in thin films; and in Zinc and Manganese 
Ferrites, 

 
𝑀𝑛(𝑥)𝑍𝑛(1−𝑥)𝐹𝑒2𝑂4 , with a energy gap value about  

𝐸𝑔 ≅ 2.28𝑒𝑉 ; whose values, especially the latter is the 

closest to those reported in this work (Pan et al., 2011; 
Rivas, 2012).  

 
 
CONCLUSIONS AND RECOMMENDATIONS 
 
For the 

 
𝑍𝑛𝑀𝑛𝑂3  as grown nanoparticles we found a mixed 

cubic perovskite-wurtzite structure fcc with lattice 

parameters  

 
𝑎 = 8.3488 Å . FT-IR show the absorptions 

band at 650 cm
-1

 associated with the perovskites and the 

absorption band at 450 cm
-1

 corresponding to the  
bounds characteristic for the presence of structural 
wurtzite hexagonal phase; this is consistent with the 

information obtained from X-ray diffraction. In the  
𝑍𝑛𝑀𝑛𝑂3  𝑀 𝑣𝑠 𝑇  magnetic measurement was found 

indicating 
 

𝜃𝑤 = −98 𝐾  antiferromagnetic behavior 
associated with super exchange interaction, consistent 
with the majority of reports of such materials; in which  
has only one valence state. The optical measurements 
yielded a 

 
𝐸𝑔 ≅ 2.21𝑒𝑉   direct energy value of energy gap. 

It is recommended to continue the study of the magnetic 

properties with  
 

𝑀 𝑣𝑠 𝐻  measurements at different 
temperatures to examine whether there maybe super 

paramagnetism and 
 

𝑀 𝑣𝑠 𝑇  measurements on alternate 
fields at different frequencies  in a  temperature range 
around the T = 13 K to examine whether some behavior 
of spin glass is presented and synthesize the 
 

𝑍𝑛𝑀𝑛𝑂3  
nanoparticles system following other synthesis methods. 
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The nature of detuning in transition probabilities in atom field interaction has been investigated in the 
light of hydrogen atom problem. It has been shown that the detuning bears a striking similarity with the 
principal quantum number n in hydrogen atom. 
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INTRODUCTION 
 
Hydrogen atom problem is a well known and simple 
example of a quantum mechanical system. The solution 
of the hydrogen atom problem, which gives rise to principal 
quantum numbers and from which we get the energy 

level diagrams are the basis of all atomic structures (Jenkins 
and White, 1981). The present investigation is related to 
the nature of time evolution of the transition probabilities 
of the interacting two level atoms with a coherent 

resonant radiation field (Sargent et al., 1974). We have 
shown that the detuning controlled transition probabilities 
exhibit a striking similarity with that of the principal 
quantum number controlled atomic energy level spacing.  
 
 
HYDROGEN ATOM  
    
In the absence of external forces the classical energy of 
an electron bound by its negative charge to the positively 
charged nucleus is given by: 

2 2

2

p e

m r
 H                                        (1) 

 
Where p, m, e and r have their usual meanings. 

The time development of the wave function is 
determined by the Schrodinger equation. 
 

( , ) ( , ) ( , )i r t H r p r t              (2) 

 

The Hamiltonian is usually given by classical energy, in 
which the measurable quantities such as position and 
momentum are replaced by appropriate operators. The 

stationary solutions ( , )
n

r t of the Schrodinger equation 

are those for which the time dependence can be 
separated from the space dependence, that, is for which 
 

 ( , ) ( ) exp
n n n

r t u r i t               (3) 
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Figure 1. Energy level diagram for hydrogen atom. Horizontal 

lines indicate energy levels given by Equation (10).  

 
 
 

Here 
n

 is a circular frequency. Substituting Equation (3) 

into (2) we find the time-dependent equation 
 

     ,
n n n

H r p u r u r             (4) 

 
This is an eigen value equation for the 

Hamiltonian  ,r p  with eigen functions  n
u r and 

eigen value
n

 . The eigen value Equation (4) must be 

solved for hydrogen atom and then we have   
  

   
2 2 2

2

e
u r u r

m r


 
  

 
           (5) 

 

Here it is advantageous to express 
2 in spherical 

coordinates,  , and  , because of the spherical symmetry 

of the potential energy

2e

r

 
 
 

. The Equation (4) can be 

separated into three equations, each containing a single 
spherical coordinate. The solutions of the equations 
correspond to discrete energies, as for the bound 
problems and have the values 
 

     , , ,
nlm nl lm

u r R r Y               (6) 

 

Here the  nl
R r

 
are the Laguerre polynomials multiplied 

by the exponential factor  0 0
exp r / na ,a 0.53A   is 

the Bohr radius, and  ,
lm

Y    are spherical harmonics. 

In particular first few  , ,
nlm

u r   are as follows: 

     
1/2

3

100 0 0
, , exp /u r a r a  



                        (7) 

 

       
1/2

3

200 0 0 0
, , 32 2 / exp / 2u r a r a r a  



    (8) 

 

       
1/2

3

210 0 0 0
, , 32 / cos exp / 2u r a r a r a   



     (9) 

 
The corresponding energies are given by 
 

2

2

0
2

nlm n

e

a n
                          (10) 

 
Which are discrete, Figure 1 shows the energy level 
diagram for hydrogen atom worked out with the help of 
Equation (10). 
 
 
INDUCED RESONANT TRANSITIONS 
 
Let us now consider our important problem of induced 
resonant transitions. Specifically consider the hydrogen 
atom initially in the ground state u100. At time t=0 we apply 
an oscillating electric field (Sargent et al., 1974). 
 

  0
ˆ cosE t xE t            (11) 

 
Where      
 

 2 1
/E E              (12) 

 
Here   is in radian/sec (not Hertz). The oscillating electric 
field is nearly resonant with the transitions from n =1 to n 
=2. From Figure 2 one can infer that  the  states  unlm  with
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Figure 2. Diagram depicting two energy levels a and b 

of the unperturbed Hamiltonian. 

 
 
 

 n2 are way off resonance with the field incident and 
therefore can be neglected. Hence we can describe the 
atom by two level wave function given by: 
 

         , exp exp
a a a b b b

r t C u r i t C u r i t      (13) 

 
And take the eigen functions 
 

210

100

a

b

u u

u u




 

 

The coefficients in Equation (13) satisfy the normalization 
condition 
 

2 2

1
a b

C C                                                (14) 

 

The equations of motion for 
a b

C andC are given by 

 

    0
1

exp exp
2

a b

E
C i i t i t C                (15) 

 

    0
1

exp exp
2

b a

E
C i i t i t C               

   (16) 

 
Where the frequency 
 

a b
                             (17)

  
 
As shown in Figure 2. 

Let us now suppose that the system is in the ground 

state at time t=0, that is,    0 0 0 1,  
a b

C and C  the 

equation of motion become 
 

0
b

C                                                  (18) 

 
and 

      0
1

0 exp exp
2

             a

E
C i i t i t   (19) 

 
This yield 
 

   
     

0
exp 1 exp 11

2

n
i t i tE

C t
   

   

    
   

   

   (20) 

 
For optical frequencies the denominator   is very 

large  1  and therefore the second term in R.H.S. 

is neglected with respect to the first since at resonance 
  .This is called Rotating Wave Approximation 

(RWA). Thus neglecting the perturbing matrix element is 
given by: 
 

   

 

0 0

0

exp exp
cos

2

1
exp

2

V

V

ab

ba

i t i t
E t E

E i t

 




 
   

    

     (21) 

 

Therefore the equations of motion for 
a

C and 
b

C under 

rotating wave approximation become 
 

 0
1

exp
2

a b

E
C i i t C     

                                 (22) 

 

 0
1

exp
2

b a

E
C i i t C      

                     (23) 

 
thus 
 

 
   

0
1 1

exp 2 sin
2 2 2

a

i t tE
C t i

   

 

 



     (24) 

 
Thus the probability (Allen and Eberly, 1975) of finding 
the atom in the upper state is given by  
 

     
 

 

2 2
2

0

2

sin / 2

2 / 2
a a a

tE
C t C t C t

t

 

 

     
   

    

       (25) 
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Figure 3.The probability of a transition to an upper level under the 

influence of an applied electric field. 

 
 
 
This is known as stimulated absorption. We could have 

chosen    0 1 0 0,   
a b

C and C which shows that the 

atom is initially in the upper state and calculate the 
probability of stimulated emission. We find in this also the 
same formula as given by Equation (25). The probability 
is plotted in Figure 3. 
 
 
NATURE OF DETUNING 
 

From what has been discussed in the earlier sections it is 
now appropriate to describe the nature of detuning, 

     .Here ω is the atomic line center frequency 

and   is the laser oscillation frequency in radian/sec. As 
  increases (or decreases) from the atomic line center 
frequency ω, the atomic system goes away from 
resonance. In Figure 3 we have depicted the transition 
probabilities versus time at different values of detuning. 
The salient feature of this figure is that if we draw 
horizontal lines joining the maxima of the transition 
probabilities for detunings corresponding to integral 

values of    we obtain a series of horizontal lines with 

relative separations, the reverse of which shows striking 
similarity with the Energy level diagram of the Hydrogen 
atom. 

Figure 4a indicates the horizontal lines thus generated 
in a reverse way. Figure 4b shows the corresponding 
energy levels for hydrogen atom as illustrated in Figure 1. 
The energy level separation of hydrogen atom goes on 
decreasing as principal quantum number n increases up 
to ionization limit. This is also observed in Figure 4a, 
where it is seen that as detuning increases the relative 
separation decreases. At higher  values  of  detuning  the 

separation of the horizontal lines become extremely 
small, this is quite similar to the energy levels of 
hydrogen atom near ionization limit. It is reasonable to 
explore the physical consequences of the similarity as 
describe above. The energy level diagram in hydrogen 
atom is drawn according to energy in Rydberg (Ry). 
Likewise the horizontal lines in Figure 4a are arranged 
according to frequency (in Mz). We must note here that 

the transition probability    
2 2

a b
C t or C t   was worked 

out on the basis of a two body problem or a two level 
atom. At time t = 0 we applied an electric field which is 
resonant (or nearly resonant) with the transition from n = 
1 to n = 2. Our work is based on the idea that the 
detuning has a range of values corresponding to 1, 2, 
3….etc (in Mz). It is a matter of common experience that 
the spectral lines (cm

-1
) corresponding to a particular 

series (say Balmer series) is precisely obtained by 
manipulating the principal quantum number n. Thus the 
transition probabilities at different values of detuning are 
the manifestation of an atomic structure in general. This 
observation is expected to draw light in laser physics 
particularly in atom field interaction. In this connection it is 
appropriate to recall the statements by Jenkins and White 
(1981) who indicates the importance of the horizontal 
lines as energy levels. According to them the importance 
of this type of diagram is two fold: (1) regardless of the 
atomic model presented, whether it is an orbital model or 
any other yet to be proposed in the future, like a quantum 
mechanical wave model, it represents with high degree of 
precession the stationary energy states of atom; and (2) it 
represents the well established law of conservation of 
energy as applied through Bohr’s third postulate. We thus 
reasonably   conclude   that   our   work   concerning   the
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Figure 4. (a) Relative separations of the horizontal lines generated by joining the maxima of 

the transition probabilities at different detuning (b) Energy levels of hydrogen atom showing 

relative separations of the principal quantum numbers. 

 
 
 
horizontal lines drawn by joining the maxima of the 

transition probabilities at different values of detuning (- 
= 1, 2, 3, ….) only justifies the energy level diagram 
scheme being introduced more than hundred years ago. 
 
 
CONCLUSION 
 
In the present work it has been shown that the so called 

detuning ((-) bear a striking similarity with the principal 
quantum number “n” and hydrogen atom. We reasonably 
conclude that in the present work concerning the 
horizontal lines joining the maxima of transition 

probabilities at different values of detuning ((- = 1,2,3..) 
only justifies the energy level diagram scheme being 
introduced more than hundred years ago.   
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