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Résumé : Le travail de cet article porte sur l'influence de la température de rotation sur les spectres d'émission des 

branches relativement à la tête de bande Q(0,0). Après avoir décrit les états de rotation, nous avons pris en compte le 

moment cinétique total dans le cas où le spin électronique est négligé. Nous avons ensuite déterminé les termes d'énergie 

et le nombre d'onde en définissant les différents niveaux d'énergie. Nous avons également défini la règle de sélection des 

différentes transitions en prenant en compte les transitions qui satisfont à cette règle. Trois branches fortes et dix branches 

ou nombres d'onde ont été définis. Nous avons ensuite défini la distribution des intensités de raies ou probabilité de 

transition en fonction du nombre quantique de rotation. Enfin, nous avons déterminé l'intensité d'une raie de rotation basée 

sur les transitions entre les niveaux de rotation appartenant à deux niveaux d'énergie vibrationnelle. Les résultats 

numériques montrent que le spectre d'émission est insensible aux températures de rotation inférieures à 62,67 K pour 

toutes les branches et aux températures de rotation supérieures à 850 000 K, 750 000 K et 650 000 K respectivement pour 

les branches Q, P et R. 

Mots clés : longueur d’onde ; niveaux d’énergie; modèle numérique ; radical OH ; spectre ; Température rotationnelle 

 

 

Influence of rotational temperature on emission spectra of the branches Q, 

P and R of the system 2Σ→ 2π of hydroxide radical OH 

Abstract: The work of this paper is focused on the influence of rotational temperature on the emission spectra of the 

branches relatively to the head of band Q(0,0). After a description of the rotational states, we took into account the total 

angular momentum in the case where the electronic spin is neglected. We then determined the terms of energy and the 

wave number by defining the different levels of energy. We have also defined the selection rule for the different transitions 

by only taking into account the transitions which satisfy this rule and then three main branches are defined. Considering 

these strong branches, ten branches or wavenumbers have been defined. We have defined the distribution of line strengths 

or transition probability as a function of the rotational quantum number. Finally, we have determined the intensity of a 

rotational line based on the transitions between rotational levels belonging to two vibrational energy levels. The results 

show that the emission spectra is insensitive to rotational temperatures lower than 62.67 K for all the branches and to 

rotational temperatures higher than 850,000 K, 750,000 K, and 650,000 K respectively for the branches Q, P and R.  

Keywords: Energy Levels; Spectra; Rotational Temperature; OH-radical; Numerical Model. 
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List of 

Symbols 

 

𝑎 coupling constant 

𝐵 characteristic constant of the state 

𝑏1 characteristic constant of the state 

𝑐 speed of light 

𝐷 characteristic constant of the state 

𝐸 total energy 

𝐸𝑒 electronic energy 

𝐸𝑟 rotational energy 

𝐸𝑣 vibrational energy 

𝐹1 rotational levels of the 2Σ state 

𝐹2 rotational levels of the 2Σ state 

𝑓1 rotational levels of the 2π state 

𝑓2 rotational levels of the 2π state 

𝐹′ rotational energy of the level 2Σ 

𝑓1
′ energy levels due to the splitting 

𝑓2
′ energy levels due to the splitting 

ℎ Planck’s constant 

𝐼 relative intensity 

𝐽 total angular momentum 

𝐾 angular momentum 

𝑘 Boltzmann’s constant 

𝑚 Mass of molecules 

𝑁 molecules number 

𝑃1 Main branch 

𝑃12 satellite branch 

𝑃2 Main branch 

𝑄1 Main branch 

𝑄12 satellite branch 

𝑄2 Main branch 

𝑄21 satellite branch 

𝑅 characteristic constant of the state 

𝑅1 Main branch  

𝑅2 Main branch 

𝑅21 satellite branch 

𝑇 Temperature 

𝑇r rotational temperature 

𝑈 spectral density 

𝑣 Molecules velocity 

Greek 

Symbols 

 

𝜀 spectral emission power 

𝜆 Wavelength 

𝜈 Frequency 

𝜎 wave number 

 

1. Introduction 

Under certain conditions of excitation, a system can 

emit a molecular spectra characterized by a series of 

grooves or luminous bands presenting on one side a 

clear limit and degraded on the other side [1-3]. 

A plasma is a state of matter where the atoms are 

totally or partially ionized. It is a mixture of 

molecules, atoms, ions and electrons whose state can 

be defined as a function of temperature [4-8]. There are 

plasmas in equilibrium and plasmas out of 

equilibrium. 

A plasma in complete thermodynamic equilibrium is 

a plasma whose macroscopic parameters do not vary 

as long as the external conditions remain unchanged. 

Consequently all the particles are in equilibrium with 

each other and with the walls of the enclosure at a 

temperature T. 

The spectroscopic analysis of the radiation emitted 

by a plasma is an excellent means of diagnosis [9, 10] 

because it does not disturb the plasma [11, 12]. Its only 

flaw is the impossibility of detecting non-radiative 

states. To determine the temperature of a plasma, 

several spectroscopic methods are proposed in the 

literature [13, 14]. 

Our work will consist in studying the influence of the 

rotational temperature on the molecular spectra of 

hydroxide radical OH using a numerical simulation 

model. The simulation method was validated by one 

of our previous publications [2]. Indeed, the 

simulation of molecular bands is not novelty because 

it has already been used by Smit-Miessen et al. [15]. 

However, with the development of computers, it is 

possible to make this technique more efficient, 

particularly in the comparison of theoretical spectra 

with experimental spectra which makes it possible to 

determine one or more parameters of a plasma. 

Regarding molecular spectra, the total energy is 

defined as the sum of three terms [3].  

𝐸 = 𝐸𝑒 + 𝐸𝑣 + 𝐸𝑟                                                        (1) 

There is emission or absorption of a photon of 

frequency ν given by Einstein's relation (ΔE=E-

E'=hν) when the system passes from state E to state 

E'. 

Thus a very weak excitation i.e. of the order of 10-3 

eV corresponding to photons with wavelength close 

to 1 mm, therefore located in the micro waves 

domain or far infrared causes transitions between 

rotational levels only [16, 17]. We thus obtain spectra 

of pure rotation. 

A slightly more energetic excitation (about 0.3 eV or 

λ≈3.6) makes it possible to modify not only the 

quantum state of rotation but also the quantum state 

of vibration. We thus obtain spectra of vibration – 

rotation. 
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A more intense excitation i.e. about few eV makes it 

possible to obtain electronic transitions. 

With regard to the latter, it should be noted that for 

the molecule as for the atom, the probability of 

simultaneous excitation of two electrons is extremely 

low. 

The work we present in this article deals with the 

influence of rotational temperature on emission 

spectra of the branches Q, P and R of the system 2Σ→ 
2π of hydroxide radical OH. After doing a theoretical 

study of the OH radical, we presented the simulation 

procedure of molecular spectra. Several results 

obtained for a wide range of temperature have been 

presented and extensively commented on. 

 

2. Theory about the hydroxide radical OH 

2.1 Structures of the bands 2Σ→ 2π of the 

hydroxide radical OH 

The description of the rotational states of any 

diatomic molecule requires the consideration of the 

total angular momentum J or the angular momentum 

K when the electronic spin is neglected. Vector K 

whose norm is always an integer makes it possible to 

describe the movement of the nuclei when the 

interaction between the electronic spin and the rest of 

the molecule is weak. But it could also be used in any 

case assuming that it represents the angular 

momentum without interaction between spin and 

molecular orbital. If the resultant of the orbital 

angular momentum Λ≠0, two cases called Hund's 

cases must be considered [18]. 

• Case (a): the spin is coupled through the orbital 

angular momentum to the inter-nuclear axis. The 

rotational energy is defined to within an additive 

constant BJ (J+1), 

• Case (b): the rotation is very strong such that the 

spin is coupled to the axis of rotation rather than 

to the inter-nuclear axis. In this approximation, 

the rotational energy is B[K(K+1)-Λ^2 ]. 

For K to be considered as a number describing the 

rotational states of a molecule, it is necessary to use 

case (b) of Hund's nomenclature. This is interesting 

because it characterizes the state Σ for which Λ=0. 

On the other hand, the state π being characterized by 

Λ≠0, it is more judicious to use case (a) and case (b) 

of Hund's nomenclature. 

 

2.2 Energy terms and wave number of the system 
2Σ → 2π of the hydroxide radical OH 

The energy levels used in this work are defined as 

followed: 

• For the state  2Σ  

𝐹1(𝐾) = 𝐵𝐾(𝐾 + 1) − 𝐷𝐾2(𝐾 + 1)2 + 𝑅 (𝐾 +
1

2
)                   (2) 

𝐹2(𝐾) = 𝐵𝐾(𝐾 + 1) − 𝐷𝐾2(𝐾 + 1)2 − 𝑅 (𝐾 +
1

2
)                        (3) 

 

Where B, D and R are the characteristic constants of 

the state. 
 

• For the state  2π 

𝑓1(𝐾) = 𝐵 [(𝐾 + 1)2 − 1 −
1

2
√4(𝐾 + 1)2 + 𝑎(𝑎 − 4)] − 𝐷𝐾2(𝐾 + 1)2         (4) 

𝑓2(𝐾) = 𝐵 [𝐾2 − 1 +
1

2
√4𝐾2 + 𝑎(𝑎 − 4)] − 𝐷𝐾2(𝐾 + 1)2          (5) 

 

Where a is called coupling constant. 

Taking into account this coupling we can write: 

 
𝑓1

′(𝐾) − 𝑓1(𝐾) = 𝑏1𝐾(𝐾 + 1)                                                                     (6) 

𝑓2
′(𝐾) − 𝑓2(𝐾) = 𝑏1𝐾(𝐾 + 1)                                                                    (7) 

 

Where 𝑓1
′(𝐾) and 𝑓2

′(𝐾) are energy levels due to the 

splitting Λ. 
 

The selection rule for the transition 2Σ→2π is 

K+1→K, K→K and K-1→K i.e. ∆K=0 or ∆K=±1. 

The transitions which satisfy this rule are called 

strong branches and those which do not satisfy this 

selection rule are called weak branches. This allows 

us to obtain three strong main branches given by: 

P Branch for 𝐾 − 1 → 𝐾 

Q Branch for 𝐾 → 𝐾 

R Branch for 𝐾 + 1 → 𝐾 

There are also satellite branches which are 

characterized by two indices and denoted by Pij, Qij, 

Rij with i,j=1,2 such that i≠j. Considering only the 

strong branches, the following ten branches called 

wavenumbers have been defined [19, 20]: 
𝑃1(𝐾) = 𝐹1(𝐾 − 1) − 𝑓1(𝐾)                                                         (8) 

𝑃2(𝐾) = 𝐹2(𝐾 − 1) − 𝑓2(𝐾)                                                         (9) 

𝑃12(𝐾) = 𝐹1(𝐾 − 1) − 𝑓2(𝐾)                                                    (10) 

𝑄1(𝐾) = 𝐹1(𝐾) − 𝑓1
′(𝐾)                                                             (11) 

𝑄21(𝐾) = 𝐹2(𝐾) − 𝑓1
′(𝐾)                                                           (12) 

𝑄2(𝐾) = 𝐹2(𝐾) − 𝑓2
′(𝐾)                                                             (13) 

𝑄12(𝐾) = 𝐹1(𝐾) − 𝑓2
′(𝐾)                                                           (14) 

𝑅1(𝐾) = 𝐹1(𝐾 + 1) − 𝑓1(𝐾)                                                      (15) 

𝑅21(𝐾) = 𝐹2(𝐾 + 1) − 𝑓1(𝐾)                                                    (16) 

𝑅2(𝐾) = 𝐹2(𝐾 + 1) − 𝑓2(𝐾)                                                      (17) 

 
 

2.3 Molecular constants 

The constants R, B and D of 2Σ state and B, D, a and 

b1 of 2π state are given in table 1. 
 

Table 1: Molecular constants for the system 2Σ → 2π. 

Constants B D R a b1 

State  𝟐𝚺 16.961 0.00204 0.1122 - - 

State 𝟐𝛑 18.515 0.00187 - -7.547 0.0417 

 
2.4 Line force distribution  

The strengths of the lines or transition probability 

essentially depend on the rotation quantum number J 

and the coupling constant a. They have been 

determined by Earls [18] and Leaner [21] by 

considering the expressions of the energy levels 

given by Hill and Van Vleck [22]. 
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R2 =
2𝐽 + 1

2𝐽 + 2 

 

{(2𝐽 + 1) + 𝑈[(2𝐽 + 1)2 − 2𝑎]}                                     (18) 

 
 

{
R1

Q12
=

2𝐽 + 1

2𝐽 + 2 

 

{(2𝐽 + 1) ± 𝑈[(2𝐽 + 1)2 + 2(𝑎 − 4)]}                      (19) 

 

{
Q2

R21
=

2𝐽 + 1

2𝐽 + 2 

 

{
(2𝐽 + 1)2 − 𝑎 ± 𝑈[(2𝐽 + 1)3 − 8𝐽 − 2𝑎]

𝐽
}            (20) 

 
 

{
Q1

P12
=

2J + 1

2J + 2 

 

{
(2𝐽 + 1)2 − 2 ± 𝑈[(2𝐽 + 1)3 − 8𝐽 + 2(𝑎 − 4)]

𝐽
}                     (21) 

 
 

P1 =
2J + 1

2J 

 

{(2𝐽 + 1) + 𝑈[(2𝐽 + 1)2 − 2𝑎]}                                       (22) 

 
 

{
P2

Q12
=

2J + 1

2J 

 

{(2𝐽 + 1) ± 𝑈[(2𝐽 + 1)2 + 2(𝑎 − 4)]}                       (23) 

 

Where  
𝑈−1 = √(2𝐽 + 1)2 + 𝑎(𝑎 − 4)                                                                 (24) 

 
 

In these formulas, the sign + which precedes U is put 

for the main branches and the sign – is used for the 

satellite branches. The formulas are arranged in pairs 

and the values of J correspond to the final state 2π. 
 

 

2.5 Intensity of a rotational line 

By focusing on the transitions between rotation 

levels belonging to two fixed vibrational energy 

levels, we obtain the relative intensity I(J) of a 

rotational line in the following form : 

𝐼(𝐽) = 𝜎4𝑆𝐽′𝐽" exp (−
ℎ𝑐𝐹′(𝐽)

𝑘𝑇r

)                                                     (25) 

 

Where F'(J) represents the rotational energy of level 
2Σ, Tr the rotational temperature, σ the wave number 

of an individual line and S the strength of the line.  
 

3. Molecular spectra simulation procedure 

The simulation of emission spectra is very useful 

because it allows to identify the molecules. It also 

makes it possible to determine the rotational 

temperatures of a molecule by comparing intensities 

and positions of the rotational lines of the simulated 

and experimental spectra.  

For the simulation of the emission spectra of 

hydroxide radical OH, we followed the seven (07) 

steps proposed by Ouoba et al. [2] : 

- First, we calculate the spectral terms of rotation 

of each state and each doublet, taking into 

account the splitting of the spin, the splitting of 

lambda, the term taking into account the large 

rotations, 

- We then calculate the wavelengths of branches 

P, Q and R responding to the selection rules 

listed in the previous paragraphs, 

- We establish the expressions of the forces of 

lines using the classical formulas of Earls [18], 

- We determine the different molecular constants 

of the different states, 

- We define a scale such that all the lines which 

have their wavelengths included in the same 

interval have their intensities integrated. The 

representation, as a function of wavelengths, of 

the integrated intensity of the different lines 

gives us an ideal spectra. We finally obtain a 

Dirac comb each having its own intensity, 

- We take into account the device profile which 

plays an essential role experimentally. In the 

majority of cases, a slit of the spectral device 

gives a Gaussian spectral profile of half width 

DX at 1/e height. This half-width becomes an 

essential parameter of the simulation program, 

- We finally proceed to the numerical convolution 

of each Dirac peak with the Gaussian profile and 

we obtain the final simulated spectrum having 

the parameters DX and Tr. 
 

4. Results and discussion 

In order to compare the results of simulation with 

those of the experiment, the spectroscopic study was 

conducted in the infrared characterized by 

wavelengths ranging between 3064.6 Ǻ and 3331 Ǻ. 

We present the results of wavelengths (Table 2) and 

Holn London factors (Table 3), respectively. The 

results of these two tables are in very good agreement 

with the results published by Dieke and 

Crosswhite [19].  

 
 

4.1. Influence of rotational temperature on the 

spectra of the P, Q and R branches 

To study the influence of rotational temperature on 

the branches P, Q and R, we varied the values of 

rotational temperature in a wide range between 

Tr=0 K and Tr=10,000.000 K. In a first time we 

represented the variation curves of the normalized 

average value of intensity of the branches Q, P and R 

as a function of the rotational temperature for Tr 

values ranging between 0 K and 100 K. We have 

noticed that the emission spectra is not sensitive for 

Tr varying from 0 K to 62.5 K but sensitive for 

Tr=63 K. In order to determine the minimum 

limiting value from which the spectra is sensitive to 

the rotational temperature, we restricted the interval 

of study of the normalized average value of intensity 

between 62.5 K to 63 K (Figures 1, 2 and 3). The 

results of those figures show that for the three 

branches Q, P and R the lowest sensitive rotational 

temperature is Tr
min = 62.67 K. We present the 

normalized simulated spectra of branches P, Q, and 

R for a rotation temperature Tr = Tr
min (Figure 4). 
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Table 2: Wavelengths (Å) obtained by simulation. 

K λP1 λP2 λP12 λQ1 λQ21 λQ2 λQ12 λR1 λR21 λR2 

 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

 

3082.6 

3087.3 

3092.1 

3097.0 

3102.2 

3107.5 

3113.1 

3118.9 

3125.0 

3131.3 

3138.0 

3144.9 

3152.1 

3159.7 

3167.5 

3175.7 

3184.2 

3193.0 

3202.1 

3211.7 

3221.5 

3231.8 

3242.4 

3253.5 

3264.9 

3276.8 

3289.1 

3301.9 

3315.1 

3328.8 

 

3094.7 

3097.3 

3100.5 

3104.2 

3108.4 

3113.0 

3118.0 

3123.4 

3129.1 

3135.2 

3141.5 

3148.3 

3155.3 

3162.7 

3170.4 

3178.4 

3186.8 

3195.6 

3204.7 

3214.1 

3224.0 

3234.2 

3244.8 

3255.8 

3267.2 

3279.0 

3291.3 

3304.1 

3317.3 

3331.0 

 

3094.7 

3097.2 

3100.4 

3104.1 

3108.3 

3112.9 

3117.9 

3123.2 

3128.9 

3134.9 

3141.3 

3148.0 

3155.0 

3162.4 

3170.1 

3178.1 

3186.5 

3195.2 

3204.2 

3213.7 

3223.5 

3233.7 

3244.2 

3255.2 

3266.6 

3278.4 

3290.7 

3303.4 

3316.6 

3330.3 

 

3079.3 

3080.9 

3082.5 

3084.2 

3086.1 

3088.3 

3090.7 

3093.4 

3096.4 

3099.6 

3103.2 

3107.1 

3111.4 

3116.0 

3120.9 

3126.2 

3131.9 

3138.0 

3144.5 

3151.4 

3158.7 

3166.5 

3174.7 

3183.4 

3192.6 

3202.3 

3212.6 

3223.4 

3234.8 

3246.8 

 

3079.4 

3080.9 

3082.5 

3084.3 

3086.3 

3088.4 

3090.9 

3093.6 

3096.6 

3099.9 

3103.5 

3107.4 

3111.7 

3116.3 

3121.2 

3126.6 

3132.3 

3138.4 

3144.9 

3151.8 

3159.2 

3167.0 

3175.2 

3184.0 

3193.2 

3203.0 

3213.2 

3224.1 

3235.5 

3247.5 

 

3091.4 

3090.8 

3090.8 

3091.3 

3092.3 

3093.8 

3095.6 

3097.8 

3100.4 

3103.4 

3106.7 

3110.4 

3114.5 

3118.9 

3123.7 

3128.9 

3134.5 

3140.5 

3146.9 

3153.8 

3161.0 

3168.8 

3177.0 

3185.6 

3194.8 

3204.5 

3214.7 

3225.5 

3236.9 

3248.9 

 

3091.4 

3090.8 

3090.7 

3091.2 

3092.2 

3093.6 

3095.5 

3097.7 

3100.2 

3103.2 

3106.5 

3110.2 

3114.2 

3118.6 

3123.4 

3128.6 

3134.1 

3140.1 

3146.5 

3153.3 

3160.5 

3168.3 

3176.4 

3185.1 

3194.2 

3203.9 

3214.1 

3224.9 

3236.2 

3248.2 

 

3072.9 

3071.2 

3069.6 

3068.2 

3066.9 

3065.9 

3065.2 

3064.7 

3064.6 

3064.8 

3065.3 

3066.2 

3067.5 

3069.1 

3071.1 

3073.6 

3076.4 

3079.7 

3083.5 

3087.7 

3092.4 

3097.6 

3103.3 

3109.6 

3116.4 

3123.9 

3131.9 

3140.5 

3149.9 

3159.9 

 

3072.9 

3071.3 

3069.7 

3068.3 

3067.1 

3066.1 

3065.4 

3064.9 

3064.8 

3065.0 

3065.6 

3066.5 

3067.8 

3069.4 

3071.5 

3073.9 

3076.8 

3080.1 

3083.9 

3088.2 

3092.9 

3098.1 

3103.9 

3110.2 

3117.0 

3124.5 

3132.5 

3141.2 

3150.5 

3160.6 

 

3085.0 

3081.1 

3077.9 

3075.2 

3073.1 

3071.3 

3070.0 

3069.1 

3068.6 

3068.5 

3068.8 

3069.4 

3070.5 

3072.0 

3073.9 

3076.2 

3079.0 

3082.2 

3085.9 

3090.0 

3094.7 

3099.8 

3105.5 

3111.7 

3118.5 

3125.9 

3133.9 

3142.6 

3151.9 

3161.9 

 
Table 3: Holn London factors obtained by simulation. 

K σP1 σP2 σP12 σQ1 σQ21 σQ2 σQ12 σR1 σR21 σR2 

 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

 

  9.4155 
  12.7251 

  16.4954 
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Figure 1: The average values of normalized intensities of the branches Q for Tr varying from 62.5 K to 63 K. 

 
Figure 2: The average values of normalized intensities of the branches P for Tr varying from 62.5 K to 63 K. 

 
Figure 3: The average values of normalized intensities of the branches R for Tr varying from 62.5 K to 63 K. 
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Figure 4: Emission spectra of Q, P and R branches for Tr=63 K. 

 

 

To appreciate the level of sensitivity of the spectra of 

branches P, Q, and R to the rotational temperature, 

we represent the variation curves of the normalized 

average value of the intensity of branches Q, P and R 

as a function of the rotational temperature for Tr 

ranging between 100 K and 10,000,000 K (Figures 

5 to 10). The results show that the emission spectra 

at Tr=100,000 K (Figure 8) is different to the one 

obtained at Tr=1,000,000 K (Figure 9). The 

superposition of these two curves shows it clearly in 

Figure 11. We can also note that the intensity of the 

branch Q has decreased despite the fact that 

temperature has been multiplied by 10. However, the 

obtained results at Tr=1,000,000 K (Figures 9) are 

identical to those obtained at Tr=10,000,000 K 

(Figures 10). The superposition of the two curves 

shows it clearly in Figure 12. The difference of the 

results at Tr = 100,000 K and Tr=1,000,000 K shows 

that there is a maximum limit temperature above 

which the spectra of the hydroxide radical is no 

longer sensitive to the variation of the rotational 

temperature.  

 

 

 
Figure 5: Emission spectra of Q, P and R branches for Tr=100 K. 

3100 3150 3200 3250 3300
0

0.2

0.4

0.6

0.8

1

Wave length (Å)

N
o

rm
a

li
z
e

d
 i
n

te
n

s
it
y

3100 3150 3200 3250 3300
0

0.2

0.4

0.6

0.8

1

Wave length (Å)

N
o

rm
a

li
z
e

d
 i
n

te
n

s
it
y

Q 

P 

R 

Q 

P 
R 



J. Soc. Ouest-Afr. Chim. (2022) 051; 66 - 77 

 

                                                                                   S. Ouoba et al.                                                                        73 

 

 

Figure 6: Emission spectra of Q, P and R branches for Tr=1000 K. 

 
Figure 7: Emission spectra of Q, P and R branches for Tr=10,000 K. 

 
Figure 8: Emission spectra of Q, P and R branches for Tr=100,000 K. 
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Figure 9: Emission spectra of Q, P and R branches for Tr=1,000,000 K. 

 
Figure 10: Emission spectra of Q, P and R branches for Tr=10,000,000 K. 

 

Figure 11: Overlay for Tr=100,000 K and Tr=1,000,000 K. 
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Figure 12: Overlay for Tr=1,000,000 K and Tr=10,000,000 K. 

 

To determine the maximum value of temperature 

beyond which the branches P, Q, and R are no longer 

sensitive to the rotational temperature we present the 

normalized average values of the emission spectra of 

P, Q and R by varying Tr from 100,000 K to 

1,000,000 K (Figure 13). We can notice that for all 

the three branches, the normalized average intensity 

increases from Tr=100,000 K to a maximum limit 

value noted Tr
max. Beyond Tr

max the normalized 

average intensity remains constant. The results of 

Figure 13 show that the value of Tr
max is different 

for the 3 branches (Table 4).  

Finally, taking into account all the results presented 

in this article, we can highlight 3 major areas 

depending to the value of rotational temperature as 

shown in Figure 14. We can notice in this figure that: 

- For 0 < Tr
 < Tr

min : the emission spectra is not 

sensitive to the variation of Tr, 

- For Tr
min ≤ Tr

 ≤ Tr
max : the emission spectra is 

sensitive to the variation of Tr, 

- For Tr
 > Tr

max : the emission spectra is not 

sensitive to the variation of Tr. 

The value of Tr
max is function to the nature of the 

branch as given in Table 4. 

 

 
Figure 13: Average values of intensities of branches Q, P and R for 100,000 K ≤ Tr ≤ 1,000,000 K. 
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Figure 14: Areas of sensitivity of the spectrum of the P, Q and R branches to the rotation temperature. 

 

Table 4: Sensitivity rotational temperature values. 
Type of branch Min temperature, 𝐓𝐫

𝐦𝐢𝐧 (𝑲) Max temperature, 𝐓𝐫
𝐦𝐚𝐱 (𝑲) 

Q 62.67 850,000 

P 62.67 750,000 

R 62.67 650,000 

 

5. Conclusion  

At the end of this study by normalizing all of the 

whole spectra relatively to the intensity of Q(0,0) and 

by varying the temperature of rotation from 0 K to 

10,000,000 K we have shown that there is a range of 

rotational temperatures which influence the emission 

spectra of the branches Q, P and R of hydroxide 

radical OH. The lowest value of the rotational 

temperature is Tr
min = 62.67 K while the highest 

value noted Tr
max varies according to the nature of 

the branch. Indeed the results show that this 

maximum temperature is 850,000 K for the branch 

Q, 750,000 K for the branch P and 650,000 K for the 

branch R. We also note that when the rotational 

temperature varies from Tr
min to Tr

max, the heads of 

branches P, Q and R move before stabilizing for Tr
 =

Tr
max. The normalized average intensity of each 

branch also varies before stabilizing near the 

sensitivity temperature.  
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