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Technical note: A theoretical study on the mechanism of citric acid-
driven multi-component nucleation of sulfuric acid-base-water 
clusters 
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2.2 Thermodynamic calculations 
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3 Results and discussion �2$�
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3.1 Optimized global minimum energy structures 
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3.1.1 Optimized global minimum energy structures of SA·AM·Wn·CAm (n = 0 - 4, m=0-1) clusters 
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Figure 1: The optimized global minimum energy structures of SA·AM·Wn (n = 0 - 4) clusters and SA·AM·CA·Wn (n = 0 - 4) clusters 
on the potential energy surface. Sulfur, carbon, oxygen, nitrogen, and hydrogen atoms are represented by yellow, gray, red, blue, 
and white balls, respectively. Hydrogen bonds are indicated by dashed lines.  

3.1.2 Optimized global minimum energy structures of SA·DMA·Wn·CAm (n = 0 - 4, m=0-1) clusters �1&�
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Figure 2: The optimized global minimum energy structures of SA·DMA·Wn (n = 0 - 4) clusters and SA·DMA·CA·Wn (n = 0 - 4) 
clusters on the potential energy surface. Sulfur, carbon, oxygen, nitrogen, and hydrogen atoms are represented by yellow, gray, red, 
blue, and white balls, respectively. Hydrogen bonds are indicated by dashed lines. 

3.1.3 The optimized global minimum energy structures of SA·AM·DMA·Wn·CAm (n = 0 - 4, m=0-1) clusters ��$�
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Figure 3: The optimized global minimum energy structures of SA·AM·DMA·Wn (n = 0 - 4) clusters and SA·AM·DMA·CA·Wn (n = 
0 - 4) clusters on the potential energy surface. Sulfur, carbon, oxygen, nitrogen, and hydrogen atoms are represented by yellow, gray, 
red, blue, and white balls, respectively. Hydrogen bonds are indicated by dashed lines. ��$�
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Figure 4: Calculation of (a) stepwise hydration free energy; (b) reactive Gibbs free energy change values (c) average hydration 
number of SA·AM·Wn·CAm, SA·DMA·Wn·CAm and SA·AM·DMA·Wn·CAm (n = 0 - 4, m=0-1) clusters, using the M06-2X/6-
311+G(2d, p) level at T = 298.15 K and p = 1 atm state. �1&�

 
Figure 5: Possible pathways for clusters formation based on reaction Gibbs free energy.  

3.3 Hydrate distribution 
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Figure 6: Hydration distribution of (1) SA·AM·Wn (n = 0 - 4), (2) SA·DMA·Wn (n = 0 - 4), (3) SA·AM·DMA·Wn (n = 0 - 4), (4) 
SA·AM·CA·Wn (n = 0 - 4), (5) SA·DMA·CA·Wn (n = 0 - 4) and (6) SA·AM·DMA·CA·Wn (n = 0 - 4) clusters at 298.15 K with different 
RH (20%, 50%, and 80%), respectively.� ��$�
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