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Abstract: With the help of trihydrogen cation enthalpy of formation the common orbit length of   𝐻3 
+yielding 

161.03 Compton wave lengths of the electron is calculated what implies the stable double-surface character- 

istics of delocalized electron pathway. 
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1. PREFACE 

The subject of interest of this paper is with the help of hydrogen s-energy −mirroring Rydberg unit of 

energy 𝑅𝑦 1  as well as trihydrogen cation enthalpy of formation  2 −to calculate the length of the 

common trihydrogen cation orbit  1 . And further, check the double-surface characteristics of 

delocalized electron pathway 1  of trihydrogen cation: 

 

2. THE S-ENERGY 

The s-energy 𝐸𝑠 is the orbital energy of electron originated from the atomic s-orbital. For instance, in 

the ground state of Hydrogen atom that energy equals the negative value of Rydberg unit of 

energy 𝑅𝑦  1 : 

𝐸𝑠
𝐻𝑦𝑑𝑟𝑜𝑔𝑒𝑛  𝑎𝑡𝑜𝑚

= −𝑅𝑦 = −13.605693009 𝑒𝑉.                                                                                                               1  

But s-energy in the trihydrogen cation 𝐸𝑠
 𝐻3 +

 is significantly elevated for the enthalpy of cation 

formation calculated per one hydrogen atom 𝐸𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛
 𝐻3 +

becoming: 

𝐸𝑠
 𝐻3 +

= 𝐸𝑠
𝐻𝑦𝑑𝑟𝑜𝑔𝑒𝑛  𝑎𝑡𝑜𝑚

+ 𝐸𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛
 𝐻3 +

.                                                                                                                                2  

3. THE TRIHYDROGEN CATION ENTHALPY OF FORMATION 

The trihydrogen cation formation is the opposite of its degradation: 

 𝐻3 
+𝑒− 𝑔 → 3𝐻+ 𝑔 + 3𝑒− + ∆𝐻.                                                                                                                                  3  

The experimental value of trihydrogen cation enthalpy of formation ∆𝐻 is known from the thermo 

chemical references  2 . Its value calculated per hydrogen atom of trihydrogen cation can be then 

given as:  

𝐸𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛
 𝐻3 +

=
1

3
 𝑥 

2

3
 𝑥 

∆𝐻

 𝑁𝐴𝑣𝑜𝑔𝑎𝑑𝑟𝑜

.                                                                                                                                        4  

Where: 

∆𝐻 = trihydrogen cation enthalpy of formation = 1106.697 𝑘𝐽𝑚𝑜𝑙−1 = 6.907459425 𝑥 1024𝑒𝑉𝑚𝑜𝑙−1 , 

𝑁𝐴𝑣𝑜𝑔𝑎𝑑𝑟𝑜 = 𝐴𝑣𝑜𝑔𝑎𝑑𝑟𝑜 𝑛𝑢𝑚𝑏𝑒𝑟 = 0.602214086 𝑥 1024𝑚𝑜𝑙−1 , 

2

3
= 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛 𝑠𝑎𝑟𝑒 =

2 𝑑𝑒𝑙𝑜𝑐𝑎𝑙𝑖𝑧𝑒𝑑 𝑒− 𝑜𝑓 𝑡𝑒 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑  𝐻3 
+𝑒− 𝑔 

𝑡𝑜𝑡𝑎𝑙 3 𝑒− 𝑜𝑓 𝑡𝑒 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑   𝐻3 
+𝑒− 𝑔 

, 
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1

3
= 𝐻𝑦𝑑𝑟𝑜𝑔𝑒𝑛 𝑎𝑡𝑜𝑚 𝑠𝑎𝑟𝑒 =

1 𝐻 − 𝑎𝑡𝑜𝑚 𝑜𝑓 𝑡𝑒 𝑐𝑎𝑡𝑖𝑜𝑛  𝐻3 
+

𝑡𝑜𝑡𝑎𝑙 3 𝐻 − 𝑎𝑡𝑜𝑚𝑠 𝑜𝑓 𝑡𝑒 𝑐𝑎𝑡𝑖𝑜𝑛 𝐻3 
+

.                                                               5  

So applying  4 ,  5  the trihydrogen cation enthalpy of formation calculated per one hydrogen atom 
yields: 

𝐸𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛
 𝐻3 +

= 2.548912455 𝑒𝑉.                                                                                                                                            6  

4. THE S-ENERGY IN THE TRIHYDROGEN CATION 

Applying 1 ,  2  ,  6  the s-energy value in the trihydrogen cation is given: 

𝐸𝑠
 𝐻3 +

= −13.605693009 𝑒𝑉 + 2.548912454 𝑒𝑉 = −11.056780554 𝑒𝑉.                                                             7  

5. THE HYDROGEN ORBIT AND H-H BOND LENGTH 

The s-energy as an orbital energy is at the same time the electron energy on the original orbit of that 

orbital  1 . Since the orbit length and energy are in inverse proportion  1  the original hydrogen orbit 

length𝑠𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 in the trihydrogen cation can be calculated as: 

𝑠𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 =
−𝑅𝑦 𝑥 𝛼−1

𝐸𝑝
 𝐻3 + = 168.626827948 𝜆𝑒 .                                                                                                                  8  

The H-H bond length, denoted𝑙𝐻−𝐻 , enabling the circular bridge for the electrons located on the 

original orbits of H-atoms should be 𝜋 − 𝑡𝑖𝑚𝑒𝑠 smaller: 

𝑙𝐻−𝐻 =
𝑠𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙

𝜋
= 57.585654921 𝜆𝑒 = 130.2 𝑝𝑚.                                                                                                   9  

Unfortunately the above value differs from the experimental values 𝑙𝐻−𝐻
𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙

known from 

chemistry references  3 : 

𝑙𝐻−𝐻
𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑

𝑙𝐻−𝐻
𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 =

130.2 𝑝𝑚

𝑓𝑟𝑜𝑚 87 𝑡𝑜 90 𝑝𝑚
≈ 1.5.                                                                                                                      10  

The approximately 1.5 − 𝑡𝑖𝑚𝑒𝑠 smaller mentioned experimental value means that the 𝐻 − 𝐻 bond 
length of trihydrogen cation cannot be explained on classical way having in mind only the original 

orbits. The problem can be over passed on one hand with the help of distributive orbits  4 and on the 

other hand with the common orbit 1 derived from the three single original orbits. 

6. THE DISTRIBUTIVE ORBIT EXPLANATION 

Keeping the total orbital energy 𝑊𝑡𝑜𝑡𝑎𝑙  untouched the original orbit 𝑠𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙  can be transformed to 

the discrete number of distributed orbits 𝑠𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑒𝑑  4 . With other words, the electron is able to 

circulate on them with the same total but different kinetic energy. Thus  4 : 

𝑊𝑘
𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑒𝑑 = 𝑊𝑘

𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙  2 𝑥 
𝑠𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙

𝑠𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑒𝑑

− 1 .                                                                                                           11  

And since the original kinetic and total energy are of the opposite values 𝑊𝑘
𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙

= 

−𝑊𝑡𝑜𝑡𝑎𝑙  4  holds: 

𝑊𝑘
𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑒𝑑 = −𝑊𝑡𝑜𝑡𝑎𝑙  𝑥  2 𝑥 

𝑠𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙

𝑠𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑒𝑑

− 1 .                                                                                                         12  

In the case of trihydrogen cation we have 𝑊𝑡𝑜𝑡𝑎𝑙 = 𝐸𝑠
 𝐻3 +

= 11.06 𝑒𝑉 7  and
𝑠𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙

 𝑠𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑒𝑑
≈ 1.5 10 . 

So: 

𝑊𝑘
𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑒𝑑 ≈ −2 𝑥𝐸𝑠

 𝐻3 +

= 22,1 𝑒𝑉 .                                                                                                                            13  

Following the non-classical explanation the electron circulating in the trihydrogen cation should 

possess twice as much kinetic energy as would be expected from the classical approach. 

7. THE COMMON ORBIT EXPLANATION 

Interesting are the double-surface  5  characteristics of the diametrical pathway performed on the 

common orbit derived from the three single original orbits of trihydrogen cation. The average elliptic-
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hyperbolic path  5  used by the two delocalized electrons circulating on the trihydrogen cation 

ring 𝑠𝑟𝑖𝑛𝑔   equals the circumference of the equilateral triangle: 

𝑠𝑟𝑖𝑛𝑔 = 3 𝑥 𝑙𝐻−𝐻
𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 = 3 𝑥 53.675586412 𝜆𝑒 = 161.0268 𝜆𝑒 .                                                                          14  

The corresponding elliptic path 𝑛  5  seems to measure the integer value of Compton wavelengths of 

the electron. Indeed for 𝑛 = 161 holds: 

𝑠 𝑛 = 𝑛 

 

 2 −
1

 1 +
𝜋2

𝑛2 

 = 161.0306 …                                                                                                                      15  

The above number  15  differs from the proposed diametrical ring route  14 only on the third 

decimal place: 

𝑠 161 − 𝑠𝑟𝑖𝑛𝑔 = 0.004.                                                                                                                                                       16  

This means that the electron wave provided on the common orbit of trihydrogen cation experiences 

favourable double-surface characteristics of the given elliptic-hyperbolic pathway. 

8. CONCLUSIONS 

The trihydrogen cation H-H bond length is explained by the s-energy taking into account the non-

classical distributive orbits. Besides the common electron pathway is viewed in the light of double 

surface geometry. 
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