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1. Introduction 

     Triazines (fig 1.1) are a class of molecule that serves an important purpose for industrial 

chemists. Triazines are often used as building blocks for dendrimers and macrocycles which are 

of high interest to the pharmaceutical industry mainly for their use in therapeutics and drug 

delivery.1,2 Abbasi, et al. define dendrimers as “nano-sized, radially symmetric molecules with 

well-defined, homogeneous, and monodisperse structure that has a typically symmetric core, an 

inner shell, and an outer shell”.3 Yudin defines a macrocycle as “a molecule that contains a 

cyclic framework of at least twelve atoms”,4 both types of molecules can be synthesized using 

triazines as building blocks. Dendrimers and macrocycles can consist of multiple triazines and 

hundreds of atoms. 

                                                

 

Figure 1.1 Depicts 2,4,6-tri(amino)-1,3,5-triazine (melamine) on the top, and a generic triazine on the 
bottom. Both structures are important to this study.  

 

     Tri(amino)triazine dendrimers exhibit many remarkable properties. Examples include acting 

as antibacterial agents5 and platelet activation6. Large triazine structures even show potential as 
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anti-tumor drugs. These molecules exhibit host-guest binding properties under physiological 

conditions by binding to tumor cells.5 Macrocycles containing tri(amino)triazines show potential 

for use in therapeutics2 and drug delivery systems including certain chemotherapy drugs.7 

     Triazines can be protonated in aqueous solution under acidic conditions. Protonation is 

expected to affect the rotational barrier and conformation dynamics of triazines. NMR data in a 

study of macrocyles by the Simanek group indicates that upon protonation in the ortho position 

on an aminotriazine (figure 1.2), the rotation of the amino group either increases or decreases in 

speed.2 Resonance structures of generic aminotriazines support this theory by illustrating that 

protonation changes the double bond character between the ring carbon and the amino group 

nitrogen (figure 1.2). This has led to four hypotheses. 1, protonation at the ring nitrogen 

increases rotational barrier of the acyclic amino group. 2, protonation at the acyclic amino group 

nitrogen decreases rotational barriers. 3, for most R groups, aminotriazines will be protonated at 

the ring nitrogen at modest pH and will protonate the acyclic amino group nitrogen at low pH 

(extremely acidic conditions). 4, aminotriazine based molecules will tend to rigidify at moderate 

pH ~4-5 due to ring nitrogen protonation, then become conformationally flexible again at low 

pH ~1-2 due to ayclic amino nitrogen protonation. 
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Figure 1.2 Depicts the triazine of interest presented by the Simanek group, where M is morpholine. The 
arrows indicate the rotation about the acyclic nitrogen and the ring carbon. This results in four possible 
rotational isomers. 

 

    Our plan is to perform an in-depth study of triazine dynamics in aqueous solution using 

modern Density Functional Theory (DFT).8 The goal is to simulate dynamics of triazines, with 

the plan to test if our initial expectations in hypothesis 1-4 are consistent with the predicted 

results. The hope is that this may provide useful tools for both experimentalists and 

computational chemists to model the behaviors of systems like dendrimers and macrocycles. 

 

 

1.3a. Resonance structures of the generic triazine in its neutral form (R=Me, H). 
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1.3b. Resonance structures of the generic triazine in its ortho protonated form (R=Me, H). 

 

1.3c. Resonance structures of the generic triazine in its acyclic protonated form (R=Me, H). 

Fig 1.3 shows resonance structures of neutral, ring protonated, and acyclic protonated form of the 
generic triazine. 2b supports hypothesis 1, that protonation on the ring increases the rotational barrier 
of the acyclic amino group. 2c shows a tetrahedral amino nitrogen, supporting hypothesis 2. It is 
believed that 2b is preferred over 2c.  

 

2. Computational methods 

2.1 Gaussian calculation setup 

     All calculations were performed using the Gaussian 16 electronic structure package.9  

Gaussview 6 was used to prepare input files and examine output files.10  Rotational barrier 

calculations of substituted aminotriazines in acyclic protonated, ring protonated, and neutral 

form were all performed. pKa calculations utilized a literature test set of melamine derivatives.11 

Computations used the density functional theory (DFT)8 at the M062X/6-311++(2d,2p)12,13 level 

using the solvent model based on density (SMD) in continuum water.14 Geometry optimizations 

were performed in the same SMD continuum solvent water as well.  

      The 6-311++(2d,2p) basis set13 choice is consistent with other calculations on similar 

nitrogen containing aromatic structures.15 Due to the water-soluble nature of melamine 
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derivatives10, a continuum solvent water model was chosen to model their nature in water.  A 

computational study by Galvez et al. studied rotational barriers of 2-aminopyridine, 2-

aminopyrimide, and N-methylamino-1,3,5-triazine and used the 6-311++(2d,2p) basis set for all 

rotational barrier calculations.15 

2.2 Validating DFT predictions of triazine pKa and protonation sites 

     Predicting pKa values by DFT methods required checks to confirm DFT calculations were 

consistent with general knowledge of organic chemistry. Melamine derivates show double bond 

character between the ring carbon and the amino nitrogen. To test if the DFT calculations show 

consistency with resonance structure predictions, analysis of output files needed to be performed. 

Computed data should indicate increased double bond character between the ring carbon and the 

acyclic nitrogen for neutral and ring protonated species and should lack double bond character 

for the acyclic protonated species.  

      Once it was confirmed that DFT methods were consistent with experiment, DFT pKa 

calculations were considered reliable. Further validation of the DFT methods could be later 

enforced by showing consistency between computed pKa values and experimental pKa values for 

melamine16 and melamine derivatives.11 

2.3 Validating DFT predictions of NRR’ rotational barriers in substituted aminotriazines 

     To confirm DFT calculations are 1, consistent with general knowledge of organic chemistry, 

and 2, produce sensible results, three types of calculations must be performed: acyclic 

protonation, ortho ring protonated, and neutral species rotational barriers of the acyclic amino 

group. Even though it is known that initial protonation occurs on the ring to form a 1+ 

species,11,16 and acyclic protonation does not occur except for ultra-acidic, high pH conditions 
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where a 2+ charge is present (in fact the pKb of the amino group in melamine would be 17.8),16 

our second hypothesis, that protonation on the acyclic amino group decreases its rotational 

barrier had to be tested in order to move forward with the study.  

2.4 Testing hypotheses 1 and 2, that protonation changes the rotational barriers of substituted 

aminotriazines 

     Testing Hypotheses 1 and 2, that protonation changes the rotational barrier of the acyclic 

amino group requires computing the rotational barriers of neutral, ring protonated, and acyclic 

protonated aminotriazines. Rotational barrier calculations were performed on three different 

substituted triazines: 2-amino-1,3,5-triazine (R1=R2=H), 2-methylamino-1,3,5-triazine (R1=Me, 

R2=H), and 2-dimethylamino-1,3,5-triazine (R1=R2=Me), which are illustrated in figure 2.1. 

 

 

 

Figure 2.1 Depicts the rotational scheme used to calculate the rotational barriers, where R=Me, H.  
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     Rotational barriers followed the scheme presented in figure 3 and the initial setup of 

calculations followed the method employed by Galvez et al.15 The redundant coordinate editor in 

gaussview10 was used to set up a relaxed scan of 36 steps at 10-degree intervals. Initial 

calculations resulted in discontinuities depicted by the blue curve in figure 2.2. Discontinuities 

are consistent with the initial results produce by Galvez, et al.15 

     Rotational barriers of the amino group in triazines involved the rotation of R groups in 

relation to the aromatic triazine structures. This is depicted by the graph in figure 2.2. The two 

curves are scans of each of the circled hydrogens dihedral 1-D potential energy surface (PES). 

Each start at two different geometries, where the initial angle of each circled hydrogen was 60 

degrees. The ground state potential energy surface is the lower energy values for both the orange 

and the blue curve. Conceptually, the idea is that in its lowest energy state, the NRR’ group is sp2 

hybridized and nearly planar, but when the dihedral angle is 0⁰< Θ <180⁰, the amino group is sp3 

hybridized.  
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Figure 2.2 Depicts how the second angle is changed when the dihedral angle of the circled hydrogen is 
60 degrees, in order to find the lowest energy conformation in the rotational barrier. 

 

2.5 Predicting pKa values 

     The goal was to predict the pKa values of a melamine derivative using DFT calculations. 

Literature work by Zeng, et al. indicated that the M06-2X density functional reduces error in pKa 

calculations.17 Several steps had to be employed to carry out this task.   

     This portion of the study relied on the set of experimentally determined pKa values of 

melamine derivatives previously mentioned,11 where the the computed pKa is a thermodynamic 

quantity of the proton transfer shown in figure 2.3. Thermodynamic quantites could be taken 

directly from the log files. ∆G could be found using equation 2.1, where “triazine” represents a 

melamine derivative,11 and the pKa relative to melamine was converted from ∆G using equation 

2.2.18  
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Figure 2.3 Shows the proton transfer from a melamine derivative to melamine, in this example, the 
proton transfer from 2,4-diamino-6-dimethylamino-1,3,5-triazine to melamine is depicted. The Gibbs 
free energy of this proton transfer was used to determine the pKa. 

 

∆G = (Gmelamine-H+ + Gtriazine) – (Gtriazine-H+ + Gmelamine ) eq2.1 

Computed pKa = pKa(melamine) + ∆G/(2.303RT) eq2.2 

      Intial calculations required testing every possible conformation of the melamine derivatives 

from the test set.11 Every possible conformation was tested by running an 

optimization+frequency calculation in gaussian.8 The lowest energy conformation was used to 

compute pKa.   

    Literature sources indicate that protonation occurs on the ring in melamine and its 

derivatives.11,16 Therefore, the next step was to test all possible ring protonation sites on each of 

the computationally determined most stable conformations. Once the lowest energy protonation 

site was determined, the pKa could finally be determined. Figure 2.4 shows the ten different 

molecules from which their experimental pKa is used to validate DFT methods, table 1 shows the 

experimental and computed DFT pKa values.  
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 Figure 2.4 Shows the 10 structures (in their most stable conformation) used to compute pKa.  

     The initial approach used the standard rigid rotor harmonic oscillator model, which computes 

∆S for the translation, vibrational, and rotational motion for every single molecule. This was 
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employed first due to its straightforward nature, in this case, the ∆G values were taken directly 

from the gaussian output files and used to compute the pKa of each melamine derivative. The 

second approach used constant ∆S and ∆G=∆H-T∆S. Here, the entropy contribution is treated as 

∆S=0. Computing ∆G in continuum solvent requires the use of a thermodynamic cycle,19 which 

requires adding solvent corrections to computed gas phase free energies which can often result in 

significant error in the entropy term. Neglecting the entropy term results in less error in the 

calculated ∆G than including the entropy effects from solvent corrections. 

3. Results 

3.1 Validation of DFT-predicted triazine pKa  

     Figure 3.1 depicts a plot of the initial DFT computed pKa values for nine different melamine 

derivatives. The R2 value of ~0.9 indicates a good linear correlation between the computed pKa 

values and the experimental data.  

     Furthermore, error analysis shows striking differences in the data. Data produced using the 

standard rigid rotor harmonic oscillator approximation, which includes solvent corrected entropy 

terms resulted in a maximum error of 20.4 % and an average error of 11.5 %. Data derived from 

using constant entropy resulted in a maximum error of 16.1 % and an average error of 9.3 %. 

Table 3.1 shows all computed pKa values that used constant ∆S. 
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Figure 3.1 Shows the resulting computed pKa values with the final computational protocols. 
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Structure (from fig 4) Computed pKa Experimental pKa Percent Error 

2 5.60 5.35 4.5 

3 5.73 5.56 2.9 

4 5.72 5.58 2.5 

5 6.46 5.77 10.7 

6 6.78 5.86 13.6 

7 6.50 5.99 8.0 

8 6.69 5.84 10.0 

9 7.08 5.99 15.4 

10 7.25 6.08 16.1 

 

Table 3.1 Shows computed pKa values and their error compared to experiment for ring protonated 
species. 

 

3.2 Validation of hypothesis 3, ring protonation is preferred over acyclic protonation 

     Table 3.2 shows the DFT computed pKa for the acyclic protonation using equation 2.2. It is 

evident by the negative pKa values that acyclic protonation results in a much more acidic 

hydrogen than a ring protonated triazine. This is further support of the hypothesis that ring 

protonation is preferred over over acyclic protonation. This data also agrees with 

experiment.11,16 

 

 

 



14 
 

Structure (from fig 4) Computed pKa Experimental pKa 

2 1.32 5.35 

3 0.92 5.56 

4 1.59 5.58 

5 2.37 5.77 

6 3.00 5.86 

7 3.04 5.99 

8 1.49 5.84 

9 2.88 5.99 

10 5.54 6.08 

 

Table 3.2 DFT computed pKa values for the acyclic protonated species compared to experimental pKa 
values (where the protonation occurs on the ring). 

 

 3.3 Validation of the computed geometries and C-N bond order of 2-amino-1,3,5-triazine 

     Resonance structures indicate that both the ring protonated form and the neutral form of 

substituted triazines have double bond character between the amino nitrogen and the ring carbon. 

The acyclic protonated form is tetrahedral. Both of these statements are supported by resonance 

structures in figure 1, this claim is further supported by data in table 3.3 which shows C-N bond 

lengths. The experimentally determined bonds lengths for methylamine and methylimine are 

1.48 and 1.27 Å respectively.20,21 The computed bond lengths for each of the two species are 

1.47 and 1.27 Å. The trend observed in computed bond length for neutral, ring protonated, and 

acyclic 2-amino-1,3,5-triazine that are shown in figure 3.2 is consistent with experimentally 

observed data for methylamine and methylimine, where double bond charcter decreases the bond 
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length. Furthermore, the ring protonated species shows a shorter computed bond length than the 

neutral form, suggesting that it has more double bond character. This is further support of the 

first hypothesis, that protonation on the ring nitrogen increases the acyclic amino groups 

rotational barrier. 

  

3.2a. An optimized structure of 2-amino-1,3,5-triazine obtained from the gaussian output file (bond 

length 1.33 Å) . 

 

3.2b. An optimized structure of 2-amino-1,3,5-triazine in its ortho protonated form obtained from the 
gaussian output file (bond length 1.31 Å). 
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3.2c. An optimized structure of 2-amino-1,3,5-triazine in its acyclic protonated form obtained from the 
gaussian output file (bond length 1.46 Å). 

Figure 3.2 Shows optimized structures of the 2-amino-1,3,5-triazine molecules obtained from gaussain 
output files. 

  

Molecule 

 
  

 

 

 

Computed  

C-N bond 

length (Å) 

 

1.33 

 

1.46 

 

1.31 

 

1.47 

 

1.27 

 

Table 3.3 Shows computed bond lengths (in Å) for C-N bonds in 5 different molecules. 

     Previously a concept was introduced suggesting that the hybridization of the amino group 

changes from sp2 to sp3 as the amino group rotates about the C-N bond for a dihedral angle 

between 0⁰ and 180⁰. This can be validated by computing the pyramidalization angles of the 

amino group in 2-amino-1,3,5-triazine and comparing them to the pyramidalization angles in 

ammonia (sp3 nitrogen) and ring protonated 4-aminopyridine (sp2 nitrogen), which are 39.8⁰ and 
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0⁰ respectively. The values for the computed pyramidalization angles in 2-amino-1,3,5-triazine 

are shown below in table 3.4. For the purposes of concistency, all calculations were performed at 

the same M062x/6-311++(2d,2p)12,13 level using the SMD continuum water.14 The results 

indicate that the acyclic amino group shows sp2 character at a dihedral angle of 0⁰ and sp3 

character when 0⁰< Θ< 180⁰. 

Dihedral Angle Pyramidalization Angle 

0⁰ 0⁰ 

60⁰ 36.6⁰ 

90⁰ 43.0⁰ 

 

Table 3.4 Shows the pyrmamidalization angle of 2-amino-1,3,5-triazine at different dihedral angles. 

3.4 Computed rotational barrier of acyclic groups in neutral aminotriazines 

     Initial results of neutral species were used to compare the dynamics of ring protonated species 

to the dynamics of neutral species in solution. Potential energy scans were used to predict the 

rotational barrier of the acyclic NRR’ group attached to the neutral triazine in solution. Figure 

3.3 and 3.4 depict the ground state potential energy scans (PES) in terms of relative energy and 

the rotational angle of the circled atom or group (Θ). The computed rotational barriers for the 

ground state PES of 2-amino-1,3,5-triazine, 2-methylamino-1,3,5-triazine, and 2-dimethylamino-

1,3,5-triazine are shown in table 3.4. 
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Fig 3.3 Depicts the 1-D potential energy scan of 2-methylamino-1,3,5-triazine. 
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Fig 3.4 Depicts the 1-D potential energy scan of 2-dimethylamino-1,3,5-triazine. 

3.5 Ring protonation increases rotational barriers of amino groups on substituted triazines by 3-

5 kcal/mol 

     Hypothesis 1 states that rotational barriers increase when the triazine ring nitrogen is 

protonated. Figures 3.5, 3.6, and 3.7 show the one-dimensional potential energy scans for ortho 

protonated 2-amino-1,3,5-triazine, 2-methylamino-1,3,5-triazine, and 2-dimethylamino-1,3,5-

triazine structures. The computed rotational barrier of the amino group is increased by 2.36, 4.15, 

and 5.10 kcal/mol relative to the rotational barrier of the amino group in the neutral species. 

Table 3.4 shows all computed rotational barriers for the neutral, acyclic protonated, and ring 

protonated forms of the three substituted triazines studied.  
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Fig 3.5 Depicts the 1-D potential energy scan of 2-amino-1,3,5-triazine when protonated in the ortho 
position on the ring nitrogen. 
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Fig 3.6 Depicts the 1-D potential energy scan of 2-methylamino-1,3,5-triazine when protonated in the 
ortho position on the ring nitrogen. 
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Fig 3.7 Depicts the 1-D potential energy scan of 2-dimethylamino-1,3,5-triazine when protonated in the 
ortho position on the ring nitrogen. 

 

3.6 A test of hypothesis 2, that protonation at the NRR’ acyclic amino group nitrogen decreases 

rotational barriers 

     Acyclic protonation barriers for 2-amino-1,3,5-triazine, 2-methylamino-1,3,5-triazine, and 2-

dimethylamino-1,3,5-triazine are shown in table 3.4. The sp3, tetrahedral carbon has a rotational 

barrier that is several orders of magnitude lower than that of the neutral species. The takeaway, 

the DFT calculations produce results consistent with the hypothesis that acyclic protonation 

decreases the rotational barrier of the acyclic amine. 
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3.7 Acyclic protonation barrier results provide further support that triazines become 

conformationally flexible at high pH  

     While the acyclic rotational barriers were initially computed with the intent to prove the 

concept and to essentially check the work, the PES graphs depict some interesting results that 

may be experimentally relevant when conditions are acidic enough to protonate on both the ring 

and amino NRR’ site to form a molecule with a 2+ charge.16  This is relevant to hypothesis 4, 

which states that triazines become conformationally flexible again at high pH due to acyclic 

protonation. The rotational barrier depicted in figure 3.8, which is that of 2-amino-1,3,5-triazine, 

indicates free rotation. While the addition of methyl groups in the case of figure 3.9 (2-

methylamino-1,3,5-triazine) and figure 3.10 (2-dimethylamino-1,3,5-triazine) raise the rotational 

barrier relative to 2-amino-1,3,5-triazine, they still show relatively low energy barriers. This can 

be attributed to steric interference from the bulkier methyl groups. Figure 3.11 offers a 

comparative analysis of the rotational barriers of 2-amino-1,3,5-triazine and 2-dimethylamino-

1,3,5-triazine. Computed rotational barriers of all three of these species in their doubly 

protonated, 2+ form (shown in table 3.4) also indicate low rotational barriers of the acyclic 

amino group. The ultimate takeaway is that these results support the hypothesis that 

aminotriazines become conformationally flexible at low pH. 
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Fig 3.8 Depicts the 1-D potential energy scan of 2-amino-1,3,5-triazine when protonated in the acyclic 
position. 
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Fig 3.9 Depicts the 1-D potential energy scan of 2-methylamino-1,3,5-triazine when protonated in the 
acyclic position. 
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Fig 3.10 Depicts the 1-D potential energy scan of 2-dimethylamino-1,3,5-triazine when protonated in the 
acyclic position. 
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Fig 3.11 The blue curve depicts the 1-D PES of 2-amino-1,3,5-triazine, compared to the 1-D PES of 2-
dimethylamino-1,3,5-triazine in orange, one can see just how low the blue curve is when compared to 
scale with the orange curve. 
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 2-amino triazine 2-methylamino 

triazine 

2-dimethylamino 

triazine 

Neutral Rotational 

Barrier (kcal/mol) 

11.0 11.7 10.0 

Ring Protonation pKa -1.04 -0.04 0.25 

Ring-Protonated 

Rotational Barrier 

(kcal/mol) 

13.3 15.9 15.1 

Acyclic Protonation 

pKa 

-9.78 -8.44 -5.96 

Acyclic-Protonated 

Rotational Barrier 

(kcal/mol) 

0.1 1.0 2.8 

Doubly protonated  

pKa 

-24.32 -23.60 -20.76 

Doubly Protonated 

Rotational Barrier 

(kcal/mol) 

0.2 
 

1.3 
 

2.8 
 

 

Table 3.5 Shows computed rotational barriers and pKa values for 2-amino-1,3,5-triazine, 2-methylamino-
1,3,5-triazine, and 2-dimethylamino-1,3,5-triazine. 

 

4. Discussion 

4.1 Rotational barrier discussion  

      Rotational Barrier calculations by Galvez, et al. test similar aromatic structures. Results from 

calculations performed on N-methylamino-1,3,5-triazine and 2-aminopyrimidine are most 

relevant to this study. Calculations using B3LYP/6-311++G(2d,2p) level for each molecule 

resulted in amino group rotational barriers of 13.65 and 18.09 kcal/mol. The present results are 

overall consistent given the different levels of theory employed.15  

     An important takeaway is that the data is consistent with each hypothesis. Hypothesis 1 is 

validated because results indicate an increased rotational barrier relevant to the neutral species 
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when ring protonation occurs in the ortho position. Hypotheses 2 and 4 are validated because 

rotational barriers of amino groups are lowered relative to the neutral species in acyclic and 

doubly protonated (+2) species. The tetrahedral sp3 nitrogen produced very low computed 

energy barriers, and the planar sp2 nitrogen produced significantly higher rotational barriers.  

Hypothesis 3 is validated because computed pKa values for acyclic species are much lower than 

the ring protonated species. Overall, calculations produced consistent results and the calculations 

were consistent with experiment and predictions based on resonance structures.  

      Practical application of rotational barrier studies relates to experimental work done by 

Simanek modeling dynamics of triazine based macrocycles and dendrimers in aqueous solution.1 

This computational study relates to experimental work by Simanek that studies rotamer 

populations of triazines in dendrimers and macrocycles. The main interest is rotamer populations 

and rotational speed, which our work does an analysis of by modeling rotational barriers. 

     Work by Simanek on macrocycles investigates triazines with protonation at the ortho position 

in figure 1.2. In this case, the triazine was like the generic triazines studied here. NMR data 

indicated that the rotation of the NRR’ group was likely slow on an NMR timescale when ortho 

protonation occurred on the ring nitrogen.2 Practically, this means that upon protonation at the 

ortho position, the rotational barrier will increase relative to the neutral species. Given that the 

computed rotational barrier increases upon protonation, where neutral species have rotational 

barriers of 10.98, 11.71, and 9.98 kcal/mol and ortho protonated species have rotational barriers 

of 13.34, 15.86, and 15.08 kcal/mol respectively, it is fair to conclude that the computational data 

is consistent with experiment. This validates hypothesis 2 and provides practical application to 

these computational results. 
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      Regarding triazine dendrimers, it is evident that the conformational isomerism due to rotation 

of an R group in an acyclic NH(R) group on a triazine on the outermost edge of a dendrimer has 

a direct effect on population ratios.1 It appears that the lowest energy structure with the least 

amount of steric interference has the highest population ratio, which is generally consistent with 

the exhaustive search performed to find the most stable conformations to calculate the pKa 

values, where the least sterically hindered molecule was usually the most energetically favorable. 

4.2 pKa discussion 

     Using constant entropy resulted in more reasonable results than using non-constant entropy 

values. This likely indicates that solvent corrections at this level resulted in significant error in 

the entropy term, further resulting in significant error in the ∆G and pKa values. pKa results 

indicated this may be a useful method for predicting pKa values for future work. Furthermore, 

pKa calculations served a necessary role to validate the hypothesis that ring protonation is 

preferred over acyclic protonation. This indicates that the DFT methods used are reliable for 

modeling the dynamics of triazines and melamine derivatives. 

5. Conclusion 

     A detailed proof of concept study was necessary to test the reliability of the methods 

employed in this study. Had the results not been consistent with our basically knowledge of 

hybridization and organic chemistry, the method would have proven to be unreliable. 

Nonetheless, all calculations followed a sensible and predictable trend.  

     Computations of rotational barriers and pKa values using the density functional theory (DFT) 

at the M0-62X/6-311++(2d,2p) level using SMD continuum water produced results consistent 

with each hypothesis, as well as accurately reproduced experimental results, and in the case of 
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the rotational barriers, made predictions that were consistent with experimental observations. pH 

did in fact have a major effect on the conformational dynamics of substituted triazines, evident 

by the fact that the rotational barrier of an amino NRR’ changes drastically upon protonation. 

The takeaway is that DFT calculations may be used as a powerful tool to predict dynamics of 

triazines and other similar aromatic ring nitrogen type compounds in solution. This is particularly 

useful in situations where experimental conditions make an experiment difficult to perform, or 

when modeling a large system, like a dendrimer or macrocycle may be difficult.  
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Triazines appear as building blocks for macromolecules used in materials science and medicine. 

Triazines can be protonated under aqueous conditions, and it is hypothesized that pH changes the 

conformational dynamics of triazines in solution. Predicting the structure and dynamics in water 

as a function of pH requires reliable simulations of the rotational barriers and pKa values for 

different sites for protonation. We present the initial DFT methods and continuum solvent for 

pKa and rotational barriers of amines, ring nitrogens, and 2,4,6-triamino-1,3,5-triazine 

(melamine) derivatives. These (M062X/6-311++(2d,2p) in SMD continuum water) calculations 

provide consistent accuracy for tested systems, and results validate the initial hypothesis by 

showing that rotational barriers of acyclic amino groups change upon ring nitrogen protonation.    

 

 


