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  Abstract 
Assigning dimension to θ on par with r, in the wave function Ψ(r,θ), we have 
quantum engineered the orbital angular momentum and the corresponding orbital 
degrees of freedom of s electrons. The quantized orbital angular momentum of s 
electron in an atom is estimated as 0.75ћ2 using angular momentum engineering.  
This restoration of orbital angular momentum leads to new additional quantum 
numbers to s electrons and there is a possibility for the alteration of s electron oc-
cupation. This newly discovered s electron property can be invoked where ever the 
present quantum theory is inadequate to explain some of the exotic properties ob-
served in modern materials. 
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1. Introduction 

Quantum theory is a philosophical and revolutionary way of thinking about nature in physics. It very often challenges 
our intuition. Quantum ideas like the uncertainty principle, entanglement and Schrodinger's cat have been influencing, till 
today, not only the thinking in the areas of science and technology but also other areas. Our current quantum understanding 
of the nature was developed by a number of scientists during the 20th century. Till recently with this theory scientists could 
explain all the physical phenomenon observed experimentally and revolutionise the entire science and technology. But 
some of the exotic properties like, unconventional superconductivity [1, 2], room temperature superconductivity [3-5], 
reduced magnetism [6, 7], reduced Pauli repulsion [8], giant negative thermal expansion [9] and unconventional ferroe-
lectricity [10] observed now in new materials, especially, in nanomaterial could not be explained using the present quantum 
theory. Here arises a necessity to look for the pitfalls in the present quantum theory. One of the pitfalls is taking the 
quantized average orbital angular momentum of s electron in an atom, which is supposed to be not measurable, as zero. In 
this one also missed the orbital degrees of freedom of s electrons. The orbital angular momentum of s electrons in an atom 
is not zero in reality. These exotic properties could not be explained completely with the existing quantum theory in which 
the orbital angular momentum of s electrons assumed to be zero. We have looked into various aspects related to the orbital 
angular momentum and restored it and the orbital degrees of freedom of the s electrons. 
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One aspect is the dimension of angle, θ. In the present quantum theory, r and θ played equal role but θ is not given its due 
place compared to r, θ is treated as a dimensionless variable. On many occasions attempts were made [11] to consider angle 
as a fundamental entity along with Length (L), Mass (M) and Time (T). There were attempts to assign dimension to angle 
[12, 13]. However there is no reference to quantum theory where the dimensionless θ plays equally important role like r 
which has the dimension of Length (L). The second aspect is the quantized orbital angular momentum of s electron. Its 
average value is taken as zero and as a result the orbital degrees of freedom of s electron is absent. The third aspect is the 
approximation made in the effective potential V(r, θ) in which the electrons live alive. The dependence of the potential V(r, 
θ) on θ is completely removed and the effective potential V(r, θ) is approximated as, V(r), spherically symmetric. 

Even though the electronic degrees of freedom form the basics for the fundamental properties of materials, taking the 
orbital angular momentum of s electrons as zero is working well for most of the system. For explaining the exotic properties 
of new materials one has to examine the above mentioned aspects related to θ its dimension and orbital angular momentum 
of the s electrons. In this paper we re-examine the quantum state of these s electrons under a new environment where angle 
is fully armed with its dimension. We have deduced the quantized orbital angular momentum of the s electron and restored 
the orbital degrees of freedom for the first time using quantum engineering. 

2. Methodology 
2.1 Dimension of angle and its unusual uncertainty relation  

Let us consider the following important and popular uncertainty relations [15]: 
 

.                                         (1) 
In the above uncertainty relations all the quantities (x, px, Jz, t, E) have dimension except the angle (φ). Logically and 

symmetrically like other quantities angle (φ) also should have dimension. Based on this fundamental facts and the role of 
dimension in generating shapes, we have assigned dimension to angle [14] and it is found to be “curvature” denoted by 
letter C. This angular “curvature” is a measure of the amount of bending of the segment of the curve/surface.  

2.2 New commutation relation involving angle with dimension 
Orbital angular momentum plays important role in the electron dynamics. The orbital angular momentum is defined by 

their commutation relations [15, 16] of the operators Lx, Ly, Lz ; 
[Lx,Ly] = iћLz ; [Ly,Lz] = iћLx ; [Lz,Lx] = iћLy                            (2) 
[L2,Lx] = [L2,Ly] = [L2,Lz] = 0.                                         (3) 

These commutation relations arise from the uncertainty relation: ∆x.∆px ≥ ћ which can be expressed in the form, 
[x,px] = iћ; [y,py] = iћ ; [z,pz] = iћ                                       (4) 

Similarly from the uncertainty relation ∆φ .∆Jz ≥ ћ , one can write 
[φ, Jz] = iћ.                                                  (5) 

The new relation (5) implies that the angular position φ and related angular momentum in the perpendicular direction Jz 
cannot be determined simultaneously with a high degree of accuracy. This means that φ and Jz are canonically conjugate 
variables similar to x, px; y, py; z, pz and E, t. Now all of them including φ are having dimension. From the relation [φ, Jz] = 
iћ, one can write the commutation relation between the operators corresponding to the angle φ, O(φ) and angular mo-
mentum operator Jz as, 

[O(φ),Jz]= iћ Jφ.                                              (6) 
Where Jφ will take suitable form depending upon the nature of the rotation matrix corresponding to the operator O(φ) 

associated with angle [17]. Extending this to the orbital (angular) motion of the s electron, the corresponding lowest order 
of orbital angular momentum operator turns out to be σ the spin angular momentum operator. Since the orbital angular 
momentum of the s electrons takes the lowest value and the corresponding operator turns out to be σ , the lowest order of 
rotation (about z axis) operator corresponding to the angle φ also turns out to be the Pauli operator σz. Since both the op-
erators (O(φ) and Jz) take the form of the spin operators, the following commutation relations hold good for them: 
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[σx, σy] = iћσz ; [σy, σz] = iћσx ; [σz, σx] = iћσy ,                              (7) 
where σx, σy and σz are Pauli matrices. Through this formalism we have restored the orbital angular momentum of s electrons 
and hence their orbital degrees of freedom. 

3. Results 
3.1 Computation of orbital angular momentum of s electrons 

After establishing the dimension of angle and the commutation relations for the operators O(φ) and Jz as: 
[σx, σy] = iћσz ; [σy, σz] = iћσx ; [σz, σx] = iћσy , 

we are now in a position to compute the orbital angular momentum of the s electrons, which is zero in the present quantum 
theory. Comparing the relation 

[O(φ),Jz]= iћ Jφ with commutation relations 
[Lx,Ly] = iћLz ; [Ly,Lz] = iћLx ; [Lz,Lx] = iћLy 
[σx, σy] = iћσz ; [σy, σz] = iћσx ; [σz, σx] = iћσy , 

one can infer that O(φ) will have degrees of freedom similar to that of the orbital degrees of freedom of Lz (due to the 
angular momentum). From the commutation relation between angular operator O(φ) and angular momentum operator Jz , 
the orbital angular momentum quantum number of the s electron (call it ℓ’) turns out to be the same as spin angular mo-
mentum, ℓ’= ½. Now, for the s electrons of the atom, the orbital angular momentum takes its lowest value equal to the spin 
angular momentum, but like spin it is not an inherent property. The quantized orbital angular momentum of the s electron is 
estimated as 0.75ћ2 using the expression ℓ’(ℓ’+1) ћ2 . Here, now the new quantum number is ℓ’(=½) and the corresponding 
z (magnetic) quantum numbers are mℓ’ = ½ ( clockwise)  and mℓ’ = - ½ ( anti-clockwise). 

3.2 Modified s electron occupancy and its flexibility 
The restored angular momentum and orbital degrees of freedom leads to the corresponding new quantum states of the s 

electrons in the atom. The related quantized orbital angular momentum of s electron in the atom/crystal may be measurable 
or may not be. But due to the restored orbital degrees of freedom, in addition to the intrinsic spin states (spin up, ms = ½ and 
spin down, ms = -½), now the s electrons can have quantum states (mℓ’ = ½ ; mℓ’ = -½). In the s shell of the atom, now it is 
possible to accommodate 4 electrons, s4. For p, d, f electrons the orbital degrees of freedom are already taken into account 
through the non-zero values of ℓ and there is no change in the occupation number of these shells. Additional degrees of 
freedom due to the orbital angular momentum of the s electrons of the atom will not have any effect on the spectra of 
molecules and atoms. May be in atoms this s electron orbital contribution is not significant and not measurable. But in 
heavy atoms and in condense matter (specially in Nanomaterials) this s electron orbital contribution might be measurable. 
Thus there is a choice to have s electron occupancy more than 2. We have a flexibility of altering the number of electrons in 
the required s shells to account for the new exotic properties of modern materials. This new flexible electronic configura-
tion model can be adopted where ever and when ever necessary, especially in nanomaterials to explain its exotic properties. 
We have precedence for such electronic configuration. If we look at the electronic configuration of 3d, 4d, 5d, transition 
elements we will witness the occupation of higher orbitals (shells) before the complete occupation of the lower shells (Fe: 
3d6 4s2) [14]. Similar occupation is there in 4f and 5f elements. So now we have an option of having up to a maximum of 4 
or less electrons in all the s shells or in selected s shells in order to explain the strange properties of new materials.  

4. Discussion  
4.1 Systems needing s electron orbital angular momentum contribution 

In twisted bi-layer graphene [1], cuprate and iron based systems unconventional superconductivity arises because of the 
complex interaction among the valance electrons. Strong coupling between the spin and orbital degrees of freedom is vital 
in generating the exotic band structure of materials [2]. Now with the non-zero s electron angular momentum there arises 
additional spin orbit interaction term. The exotic properties of these materials can be explained, to some extent, with the 
help of the new flexible s electron occupation. It is reported [3, 5] that LaH10 and YH16 become superconducting under very 
high pressure range. Recently room-temperature superconductivity is observed in a carbonaceous sulphur hydride [4] under 
high pressure. In these materials s electrons play a major role. These s electrons undergo Fermi condensation (more than 2 
electrons in the s states) due to the restoration of orbital degrees of freedom of s electrons [14]. This induces Bose Einstein 
Condensation leading to unconventional superconductivity. This is similar to the phenomenon where in states occupied by 
more than two electrons are found in one-dimensional LaAlO3/SrTiO3 channels [18]. Reduced magnetism in Fe, Co, Ni [6, 
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7] and in cuprates [19] could be explained with the new s electron enhanced occupation [14]. Unconventional ferroelec-
tricity in moiré heterostructures [20] can be explained using the new flexible s electron role with non zero angular mo-
mentum.  

4.2 Status of s orbital angular momentum in heavy atom 
In the Michael addition reaction a carbon nucleophile (Michael donor) is added to an unsaturated carbonyl compound 

containing an electron withdrawing group (electrophile called the Michael acceptor). This reaction is explained, after 130 
years, by Hamlin et al. [8]. They reported that the orbital and electrostatic interactions get more stabilizing because the 
closed shell–closed shell Pauli repulsion becomes less repulsive. Pauli exclusion principle manifests in Michael addition 
reaction leading to reduction in the Pauli repulsion. Pauli repulsion arises because of Pauli exclusion principle which is a 
purely quantum mechanical concept. In Michael addition reaction the outer most s shells are closed. During the reaction if 
there arises an interaction between the orbitals of closed s-shells, the Pauli repulsion comes into play slowing down the 
reaction. With the new flexible s electron occupation the s shells are no longer closed and the closed shell–closed shell Pauli 
repulsion becomes less repulsive because they are not actually closed. The electron dynamics in heavy atom is different 
from that of the light atoms. In the uncatalyzed reaction in all the atoms s shells are closed , as a result in the orbital inte-
raction between closed orbitals the Pauli repulsion is maximum resulting in highest barrier. In the catalyzed reaction the 
catalytic effect of dihalogen molecules, F2, Cl2, Br2 and I2, on Michael addition reactions increased along halogen series :   
F2 (9)< Cl2 (17)< Br2 (35)< I2 (53) [8]. The atomic numbers are given within the ( ). As the atom gets heavier the s electron 
angular momentum contribution becomes appreciable. According to their analysis the physical mechanism behind this 
dihalogen catalysis is the reduced Pauli repulsion between the reactants, which is maximum for I2 [8]. The Pauli repulsion 
arises when ever there is a interaction between orbitals of two different closed shells.  

4.3 Materials with new valence states  
Carbon has a unique property of forming chemical bonds with itself leading to different structures. sp-hybridization is 

the speciality of carbon. Apart from the allotropes (diamond, graphite, fullerene, nanotube, and graphene) carbon also 
displays non sp-hybridized bonding. Carbon cubic crystals are predicted by Volz et al. [21] and Iyakutti et al. [22], where 
carbon valence is 6. If the valence is six, according to the new flexible s electron occupation, the carbon atom’s electronic 
configuration now is either 1s42s2 or 1s22s4. These configurations are more appropriate than the 1s22s22p2 configuration. A 
new carbon ring C18 with alternating single and triple bonds is observed by Kaiser et al. [23]. Bonding characters of Cn 
(n=6,12,16,20 ) molecules have been investigated theoretically by Xu et al. [24]. They confirmed that carbon-carbon bonds 
of cyclo[n]carbon changed gradually from double bonds to alternating single and triple bonds with increasing n value. Most 
probably in these cases the acquired valence state of carbon may be 1s22s4 or 1s42s2 resonating with 1s22s22p2 state as 
predicted in a recent calculation by Iyakutti et al. [25].  

5. Summary 
After assigning dimension to angle, the orbital degrees of freedom of s electrons in the atom/crystal are restored leading 

to a modified and flexible s electron occupation resulting in a higher occupation (up to 4 electrons) of s shell. Using the 
uncertainty relation involving angle and angular momentum and the derived commutation relation, the quantized orbital 
angular momentum of s electron in crystal is estimated as 0.75ћ2. It will be an additional tool to explain ex-
otic/unconventional properties, which modern materials exhibit. The status of s orbital angular momentum in heavy atom is 
brought out by the catalytic effect of dihalogen molecules, F2, Cl2, Br2 and I2, on Michael addition reactions. Nature has 
provided more space in s shell of the atoms than we think. This is manifested in heavy atoms and crystalline materials. 
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