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Quantum-Chemical Modelling of Clusters     NH3· (Н2О) 

N, Forming in Processes of Gas  and Oil - Refining In-

dustry. 

Abstract 

    A number of significant structures 

of NH3 (H2O) n (n= 1- 6) clusters have 

been identified by the quantum chem-

ical methods ( RHF/3-21G,  RHF/6-

31G**, В3LYP/6-31G**, MP2/6-

31G**). The cluster’s geometry con-

figurations and intermolecular energy 

have been calculated. 
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monia, RHF/3-21G,  RHF/6-31G**, 
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cluster.  

 : ٍيخص اىجحش

ثٽضٌٹُخ صٺڂڄ أهڂُز ثٽذقظ ٱٍ ځ٪ٌٱز وهًثّز    

دُڄ ؽََتجس  ثلاًصذج١جسثٽؾََتٍ و څى٧ و١ذُ٪ز 

 ثٽڂْضقپذجس ثٽڂضٺىڅز ځڄ ٩ڂپُه صچٶُز ثٽٮجٍثس

 وصنپُٚهج ځڄثٽڂچذ٪غز ځڄ ثٽٚچج٩جس ثٽچٲ٢ُز 

 دىث٢ّز  ,( CO2, H2S)ثٽٮجٍثس ثٽقجځُٞز 

 ثٽڂقجٽُټ ثٽڂجةُز ٽٓځىڅُج وثْځُچجس ثٽ٪ٞىَز

 وثٽضٍ صْضنوٿ ٩پً څ٢جٳ وث٨ّ ٱٍ ثٽٚچج٩جس 

 

 

ّضْڂـ  ْڅهجوىٽٸ , ٟثٽچٲ٢ُز وځ٪جځټ صٺٌٌَ ثٽچٰ

ٽچج دضقوَو مىثٗ وّپىٷ ثٽضٲج٩لاس ثٽٺُڂُجةُز 

هيڇ  وإٹڂجٻثٽضٍ ّضقوط ملاٻ ٩ڂپُز ثٽضچٶُز 

. دجٽٖٺټ ثٽڂ٢پىح ثٽ٪ڂپُز

فُظ إڃ هًثّز صٌٹُخ ومىثٗ ثٽڂيَذجس 

 ْڃڅ٦ٌٌ و٩ڂپٍ وث٨ّ ثٽچ٢جٳ ثَْىڅُز ٽه ځؾجٻ 

ځڄ ثٽْپىٷ ثٽٺُڂُجةٍ صأعٌُ ثٽڂيَخ ّىٯ َٮٌُ 

وٹيٽٸ څضجةؼ هيڇ  .ٽپڂٌٹخ أو ثٽڂ٪ٶو ثٽچجصؼ

         :ثٽوًثّز َڂٺڄ أڃ صٺىڃ ځٲُور ٽٲهڀ ٩ڂپُز 

    The  process  of  the  partitioning  of 

ammonia                                                       

 دىث٢ّز ١ٌٳٱٍ دقغچج هيث هًّچج څ٦ٌَج       

 ٹُڂُجء ثٽٺڀ 

(RHF/3-21G,  RHF/6-31G**, В3LYP/6-

31G**, MP2/6-31G**) 

ثٽضٌٹُخ ثٽؾََتٍ ومىثٗ ثلاًصذج١جس دُڄ  

ؽََتجس ثٽڂْضقپذجس ثٽڂضٺىڅز ځڄ ٩ڂپُز صچٶُز 

ځڄ ,  NH3 (H2O) n (n= 1- 6) ثٽٮجٍثس و ثٽڂضڂغپز 

 و Hyperchem   ( ملاٻ ځؾڂى٩ز دٌثځؼ   

(Gamess   ثٽقو ثْهڅً ځڄ ثٽ٢جٵز وثٽضٍ صذُڄ ٽچج

ٽ٢ْـ ثٽڂْضقپذجس    Potential energy  ثٽٺجځچز 

 .ثٽڂضٺىڅز

Najlaa Zaki Ragab / SOC 
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Introduction 

The  processes  of  gas  purification  

of  impurities   aqueous  solutions of 

ammonia  and  organic  amines are 

widely used in gas  and oil - refining 

industry [1]. The study of molecular 

structural association (clusters, mole-

cular,  complexes) in these solutions 

is important,  because it allows iden-

tification  of  specific  internal  fea-

tures  of  condensed  matter     and  

their  influence  on the  course  of  the  

reaction  in  the  implementation  of 

the chemical - engineering processes 

[2]. 

    The study of the structure and 

properties of solvated ionic species 

is an active field of theoretical and 

experimental research. Solvation ef-

fects alter the chemical behavior of 

compounds. Knowledge of   the in-

teractions controlling the arrange-

ment and the number of the solvent 

molecules necessary to stabilize the 

ions is prerequisite to the under-

standing of the solvation process. 

When a molecule of a compound 

more basic than water is dissolved in 

aqueous solution, a water molecule 

donates one of its protons and ions 

are formed. Solutions  

of ammonia in water have been used 

as a prototypical system for the study 

of this type of reactions. The forma-

tion of NH4
+
 and OH

¯
 in solution has 

been established [5]. 

    NH3 has recently attracted consi-

derable interest for its possible role 

in atmospheric aerosol formation [6, 

7]. The results of this study can be 

valuable to understand the process 

of the partitioning of ammonia be-

tween the droplets and the gas phase 

in the troposphere. The NH3(H2O)n 

complex has been experimentally 

studied by microwave and far-

infrared spectroscopy[9, 10] and 

theoretically by the quantum chemi-

cal methods (RHF/3-21G,  RHF/6-

31G**, В3LYP/6-31G**, MP2/6-

31G**)have shown the existence of 

a minimum energy structure in the  
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potential energy surface of the 

NH3(H2O)4 cluster, which is the re-

sult of one proton transfer from a 

water molecule to the ammonia mo-

lecule [8, 9]. They also postulated 

that with less than four molecules of 

water the formation of the double 

ionic cluster is not possible [10, 14 , 

15].  

Experimental  

    We have carried out quantum-

chemical calculations of molecular  

Complexes                      

NH3·(H2O)n (n = 1 - 6) (Software 

HyperChem and GAMESS [3, 4]), 

using methods RHF/3-21G, RHF/6-

31G **, B3LYP/6-31G ** and 

MP2/6-31G ** and discrete model 

of solvent approximation of mole-

cules. Equilibrium configuration of 

the molecular complexes (see table 

1) is obtained through the full opti-

mization of geometry. 

 

 

 

 

Results and Conclusions 

   The calculations show that all the 

methods (RHF/3-21G, RHF/6-31G 

**, B3LYP/6-31G ** and MP2/6-

31G **) used to simulate the relative 

position of molecules in a cluster. In 

the H2O molecule complexes          

(n = 1- 4) (see table 1) form a hy-

drate shell around the NH3 molecule 

(see geometrical parameters a to e). 

The further addition of molecules in 

a cluster of H2O leading to the dis-

placement of molecules so that all 

molecules of H2O, the combined 

network of hydrogen bonds are 

grouped together on one side of NH3 

(see table 1) to assess the value of 

the interaction energy between the 

cluster molecules, but excluding the 

energy of intermolecular interactions 

between the molecules of solvent  

H2O  ΔЕ interaction , we have a single 

account system, which consists H2O 

molecules in the equilibrium confi-

guration of the cluster.  
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The results calculation show that  

ΔЕ  interaction uniformly increases 

with the  n =1 to 4 (Fig.1), (Fig.2) 

and (Fig.3). When n = 5, only for 

RHF/3-21G calculation showed 

growing             ΔЕ interaction , all the 

other methods showed slightly 

change in value ΔЕinteraction. Further 

increase in the number of molecules 

of H2O in the cluster leads to a re-

duction in the value of ΔЕ interaction. 

This is most likely linked to the-

completion of filling the first ydrate 

shell of the molecule NH3.      Thus, 

to calculate the clusters formed in 

the process of gas purification of 

water solutions of NH3 in the ap-

proximation molecule sufficiently 

take into account the 4 water mole-

cules, the calculation of the equili-

brium configurations to carry out the 

method RHF/3-21G, and the energy 

of intermolecular interaction specify 

complicating the base set and the 

method of calculation  
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Table 1- Equilibrium configuration and energy parameters of molecular 

complexes NH3 · (H2O) n 

 

№ n System Configuration 

NH3  · (H2O)n 
E total , Kcal/mol. 

RHF/ 

3-21G 

RHF/ 

6-31G(d,p) 

B3LYP/ 

6-31G(d,p) 

MP2/ 

6-31G(d,p) 

1 1 

 

 

-82501,9* 

 

 

-47430,8** 

 

-82975,2 

 

 

-47705,45 

-83453,0 

 

 

-47954,0 

-83217,6 

 

 

-47828,6 

2 2 

 

-129953,9 

 

 

-94871,5 

-130690,4 

 

 

-95416,3 

-131422,1 

 

 

-95915,1 

-131059,8 

 

 

-95663,8 

3 3 

 

-177407,4 

 

 

-142316,9 

-178406,5 

 

 

-143129,4 

-179391,4 

 

 

-143878,8 

-178902,19 

 

 

-143501,2 

4 4 

 

-224836,7 

 

 

-189738,4 

-226110,7 

 

 

-190830,6 

-227344,5 

 

 

-191826,8 

-226730,6 

 

 

-191324,8 

5 5 

 

-272290,7 

 

 

-237181,6 

-273830,6 

 

 

-238550,1 

-275319,2 

 

 

-239799,4 

-274578,3 

 

 

-239170,9 

6 6 

 

 

 

-319759,2 

 

 

-284671,8 

 

 

-321553,2 

 

 

-286277,9 

 

 

-323293,1 

 

 

-287781,5 

 

 

 

-322429,3 

 

 

-287030,2 
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 * - Above the horizontal line shows the total value of energy for the complexes 

NH3·(H2O)n 

** - Under the horizontal line shows the total value of energy for the complexes 

(H2O)n in the geometry of the complexes of NH3 · (H2O) n 

 

Table 2 - The values of the total energy E total  of the isolated molecules NH3 and 

H2O . 

№ molecule 
E total , Kcal/mol. 

RHF/3-21G RHF/6-31G** В3LYP/6-31G** MP2/6-31G** 

1 NH3 -35060,3 -35263,2 -35490,6 -35381,0 

2 Н2О -47430,9 -47705,5 -47954,1 -47828,6 

 

 

 

Fig. 1. Energy cooperation between all the molecules cluster  

 E interaction NH3 ∙ (H2O) n = E total NH3 ∙ (H2O) n - (E total NH3 + n E total H2O) 
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Fig. 2. The energy of interaction between the molecules of solvent in the 

equilibrium configuration of the cluster  

E interaction (H2O) n = E total (H2O) n - n E total H2O 

 

 

Fig. 3. Interaction energy of NH3 molecules with solvent molecules in the 

cluster  Δ E interaction = E interaction NH3 ∙ (H2O) n - E interaction (H2O) n 
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     Increasing the number of molecules in the complexes of  NH3·(H2O)n leads 

to a reduction in the inter atomic distance r (N ... H) , see (Fig.4) . 

 (1.935 Aº to 1.417 Aº RHF/3-21G). 

  (2.100 Aº to 1.818 Aº RHF/6-31G **) . 

  (1.949 Aº to 1.555 AºB3LYP/6-31G **). 

  (1.991 Aº to 1.661 AºMP2/6-31G **). 

    And the growth of the inter atomic distance r (O ... H), ( see Fig.5 and geo-

metrical parameters a to e). 

 ( 0.979 Aº to 1.110 Aº RHF/3- 21G). 

 ( 0.951 Aº to 0.972 Aº RHF/6-31G **). 

 ( 1.980 Aº to 1.052 Aº B3LYP/6-31G **). 

 ( 0.973 Aº to 1.027 Aº MP2/6-31G **). 

 

 

Fig. 4. Relationship inter atomic distance r (N ... N), Aº of the number of H2O 

molecules in complexes NH3 · (H2O) n. 
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Fig. 5. Relationship inter atomic distance r (O ... H), Aº of the number of H2O 

molecules in complexes NH3 · (H2O) n. 

 

 

0,950

0,970

0,990

1,010

1,030

1,050

1,070

1,090

1,110

1,130

1 2 3 4 5 6 7

n (H2O)

r O…H, Ǻ 

RHF/3-21G

RHF/6-31G**

B3LYP/6-31G**

MP2/6-31G**



Journal of Petroleum Researches & Studies 
NO .2       

2
nd.

 YEAR 

 

 35 

 

 

 

 

 



Journal of Petroleum Researches & Studies 
NO .2       

2
nd.

 YEAR 

 

 36 

 

 

 

 

 

 



Journal of Petroleum Researches & Studies 
NO .2       

2
nd.

 YEAR 

 

 37 

 

 

 

Geometrical parameters of complexes NH3 · (H2O) n , n = 1- 6 
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    Thus, the dependence illustrate 

the trend of making the molecular 

complex (H3N ... H2O)·(H2O)n-1 in 

the complex, intermediate between 

molecular and ionic (H4N 
+
 ... 

OH¯)·(H2O)n-1 with an increase in 

the number of molecules of H2O. 

    Known [11, 12, 13] that in 

aqueous solution of ammonia ioniza-

tion occurs with the formation of 

NH4OH alkaline reaction medium 

(PH = 11.77) . 

    Thus, the results of calculation 

show that used to simulate the rela-

tive position of molecules in a clus-

ter give the same. Quantum-

chemical calculations of all methods 

confirm that the education of clas-

sical ion complex                (H4N 
+
 ... 

OH
¯
) · (H2O) n-1 in aqueous solutions 

does not occur. 

Figure captions 

Fig. 1. Energy cooperation between 

all the molecules cluster  

 E interaction NH3 ∙ (H2O) n = E total 

NH3 ∙ (H2O) n - (E total NH3 + n E total 

H2O). 

the cluster  Δ E interaction = E interaction 

NH3 ∙ (H2O) n - E interaction (H2O) n. 

 

Fig. 2. The energy of interaction be-

tween the molecules of solvent in 

the equilibrium configuration of the 

cluster E interaction (H2O) n = E total 

(H2O) n - n E total H2O. 

 

Fig. 3. Interaction energy of NH3 

molecules with solvent molecules in. 

 

 Fig. 4. Relationship inter atomic 

distance r (N ... N), Aº of the num-

ber of H2O molecules in complexes 

NH3 · (H2O) n. 

 

Fig. 5. Relationship inter atomic dis-

tance r (O ... H), Aº of the number of 

H2O molecules in complexes NH3 · 

(H2O)n.
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