[bookmark: _GoBack]Supporting Information

for

The AQUA-MER Databases and Aqueous Speciation Server: A Web Resource for Multiscale Modeling of Mercury Speciation

Peng Lian,a,b Luanjing Guo,a,b Deepa Devarajan,a,b Jerry M. Parks,a Scott L. Painter,c Scott C. Brooks,c and Jeremy C. Smith*,a,b

a UT/ORNL Center for Molecular Biophysics, Biosciences Division, Oak Ridge National Laboratory, 1 Bethel Valley Road, Oak Ridge, Tennessee 37831, United States
b Department of Biochemistry and Cellular and Molecular Biology, University of Tennessee, Knoxville, Tennessee 37996, United States
c Environmental Sciences Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831, United States



	Table S1.  Reactions added to the PHREEQ default database to create the phreeq+AQUA-MER database

	Reaction
	Log Ka
	Sourcec

	Aqueous Species

	Hg2+ + H2O = HgOH+ + H+
	-3.4
	 [PO05]

	Hg2+ + 2H2O = Hg(OH)2 +2H+ 
	-5.98
	 [PO05]

	Hg2+ + 3H2O = Hg(OH)3- + 3H+  
	-21.1
	 [PO05]

	2Hg2+ + H2O = Hg2OH3+ + H+  
	-3.79
	 [CA11]

	Hg2+ + CO32- = HgCO3  
	11.48
	 [PO05]

	Hg2+ + 2CO32- = Hg(CO3)22-  
	15.042
	 [PO05]

	Hg2+ + H+ + CO32- = HgHCO3+  
	15.87
	 [PO05]

	Hg2+ + H2O + CO32- = HgOHCO3- + H+
	5.34
	 [PO05]

	Hg2+ + NO3- = HgNO3+  
	-0.217
	 [NIST46]

	Hg2+ + 2NO3- = Hg(NO3)2  
	-0.6
	 [NIST46]

	Hg2+ + NH4+ = HgNH32+ + H+
	-0.23
	 [NIST46]

	Hg2+ + 2NH4+ = Hg(NH3)22+ + 2H+
	-0.47
	 [NIST46]

	Hg2+ + 3NH4+ = Hg(NH3)32+ + 3H+ 
	-9.12
	 [NIST46]

	Hg2+ + 4NH4+ = Hg(NH3)42+ + 4H+ 
	-17.46
	 [NIST46]

	Hg2+ + PO43- = HgPO4-  
	14.78
	 [PO05]

	Hg2+ + H+ + PO43- = HgHPO4 
	20.06
	 [PO05]

	Hg2+ + SO42- = HgSO4 
	2.48
	 [PO05]

	Hg2+ + 2SO42- = Hg(SO4)22- 
	3.48
	 [PO05]

	Hg2+ + 2HS- = HgS22- + 2H+
	23.2
	 [DR13]

	Hg2+ + 2HS- = Hg(SH)2  
	39.1
	 [DR13]

	Hg2+ + 2HS- = HgS2H- + H+
	32.5
	 [DR13]

	Hg2+ + Cl- + HS- = HgClSH  
	25.77
	 [DY91]

	Hg2+ + F- = HgF+  
	1.78
	 [NIST46]

	Hg2+ + Cl- = HgCl+  
	7.31
	 [PO05]

	Hg2+ + 2Cl- = HgCl2  
	14.0
	 [PO05]

	Hg2+ + 3Cl- = HgCl3-  
	14.925
	 [PO05]

	Hg2+ + 4Cl- = HgCl42-  
	15.535
	 [PO05]

	Hg2+ + H2O + Cl- = HgOHCl + H+
	4.27
	 [PO05]

	Hg2+ + Br- = HgBr+  
	9.82
	 [NIST46]

	Hg2+ + 2Br- = HgBr2  
	18.29
	 [NIST46]

	Hg2+ + 3Br- = HgBr3-  
	20.72
	 [NIST46]

	Hg2+ + 4Br- = HgBr42-  
	21.95
	 [NIST46]

	Hg2+ + H2O + 1Br- = HgOHBr + H+
	6.45
	 [NIST46]

	Hg2+ + I- = HgI+  
	13.62
	 [NIST46]

	Hg2+ + 2I- = HgI2  
	24.84
	 [NIST46]

	Hg2+ + 3I- = HgI3-  
	28.62
	 [NIST46]

	Hg2+ + 4I- = HgI42-  
	30.55
	 [NIST46]

	bCys2- + H+ = HCys-  
	10.87
	 [CA11] 

	Cys2- + 2H+ = H2Cys  
	19.38
	 [CA11]

	Cys2- + 3H+ = H3Cys+  
	21.67
	 [CA11]

	bPsh2- + H+ = HPsh-  
	10.89
	 [CA11]

	Psh2- + 2H+ = H2Psh  
	18.93
	 [CA11]

	Psh2- + 3H+ = H3Psh+  
	20.69
	 [CA11]

	bGsh3- + H+ = HGsh2-  
	10.27
	 [PE97]

	Gsh3- + 2H+ = H2Gsh-  
	17.69
	 [PE97]

	Gsh3- + 3H+ = H3Gsh  
	17.97
	 [PE97]

	bTsh2- + H+ = HTsh-
	10.61
	 [PE97]

	Tsh2- + 2H+ = H2Tsh
	14.25
	 [PE97]

	Hg2+ + Cys2- = HgCys  
	35.73
	 [CA11]

	Hg2+ + Cys2- + H+ = HgHCys+  
	43.83
	 [CA11]

	Hg2+ + Cys2- + 2H+ = HgH2Cys2+  
	46.12
	 [CA11]

	Hg2+ + 2Cys2- = Hg(Cys)22-  
	44.55
	 [CA11]

	Hg2+ + 2Cys2- + H+ = Hg(Cys)2H-  
	53.97
	 [CA11]

	Hg2+ + 2Cys2- + 2H+ = Hg(Cys)2H2  
	62.04
	 [CA11]

	Zn2+ + Cys2- = ZnCys  
	9.22
	 [PE97]

	Zn2+ + 2Cys2- = Zn(Cys)22-  
	19.07
	 [PE97]

	Zn2+ + Cys2- + H+ = ZnHCys+  
	15.78
	 [PE97]

	Cd2+ + Cys2- = CdCys  
	11.3
	 [PE97]

	Cd2+ + 2Cys2- = Cd(Cys)22-  
	17.92
	 [PE97]

	Ca2+ + Cys2- = CaCys  
	2.78
	 [PE97]

	Al3+ + Cys2- = AlCys+  
	8.17
	 [PE97]

	Fe3+ + Cys2- = FeCys+  
	14.33
	 [PE97]

	Fe2+ + Cys2- = FeCys  
	6.55
	 [PE97]

	Mg2+ + Cys2- = MgCys  
	4.16
	 [PE97]

	Mn2+ + Cys2- = MnCys  
	5.42
	 [PE97]

	Hg2+ + Psh2- = HgPsh  
	35.22
	 [CA11]

	Hg2+ + Psh2- + H+ = HgHPsh+  
	42.5
	 [CA11]

	Hg2+ + Psh2- + 2H+ = HgH2Psh2+  
	44.51
	 [CA11]

	Hg2+ + 2Psh2- = Hg(Psh)22-  
	44.63
	 [CA11]

	Hg2+ + 2Psh2- + H+ = Hg(Psh)2H-  
	53.59
	 [CA11]

	Hg2+ + 2Psh2- + 2H+ = Hg(Psh)2H2  
	60.84
	 [CA11]

	Hg2+ + Gsh3- = HgGsh-  
	33.54
	 [CA11]

	Hg2+ + Gsh3- + H+ = HgHGsh  
	41.0
	 [CA11]

	Hg2+ + Gsh3- + 2H+ = HgH2Gsh+  
	44.78
	 [CA11]

	Hg2+ + 2Gsh3- = Hg(Gsh)24-  
	41.33
	 [CA11]

	Hg2+ + 2Gsh3- + H+ = Hg(Gsh)2H3-  
	51.63
	 [CA11]

	Hg2+ + 2Gsh3- + 2H+ = Hg(Gsh)2H22-  
	61.07
	 [CA11]

	Hg2+ + 2Gsh3- + 3H+ = Hg(Gsh)2H3-  
	65.58
	 [CA11]

	Hg2+ + Tsh2- = HgTsh  
	35.36
	 [ZH04]

	Hg2+ + 2Tsh2- = Hg(Tsh)22-
	41.36
	 [ZH04]

	CH3Hg+ + H2O = CH3HgOH + H+
	-4.567
	 [SA00]

	2CH3Hg+ + H2O = (CH3Hg)2OH+ + H+
	-2.159
	 [SA00]

	CH3Hg+ + CO32- = CH3HgCO3-
	6.1
	 [LO07]

	CH3Hg+ + CO32- + H+ = CH3HgHCO3
	12.949
	 [LO07]

	CH3Hg+ + NH4+ = CH3HgNH3+ + H+
	-1.994
	 [PE97]

	CH3Hg+ + H+ + PO43- = CH3HgHPO4-  
	17.806
	 [PE97]

	CH3Hg+ + SO42- = CH3HgSO4-  
	2.0
	 [SA02]

	CH3Hg+ + HS- = CH3HgS- + H+
	4.11
	 [LO07, DR13]

	CH3Hg+ + HS- = CH3HgSH
	14.5
	 [LO07]

	2CH3Hg+ + HS- = (CH3Hg)2S + H+
	23.52
	 [NIST46]

	3CH3Hg+ + HS- = (CH3Hg)3S+ + H+
	30.52
	 [NIST46]

	CH3Hg+ + F- = CH3HgF  
	1.71
	 [PE97]

	CH3Hg+ + Cl- = CH3HgCl  
	5.5
	 [SA02]

	CH3Hg+ + Br- = CH3HgBr  
	6.82
	 [PE97]

	CH3Hg+ + I- = CH3HgI  
	8.81
	 [PE97]

	CH3Hg+ + Cys2- = CH3HgCys-  
	17.21
	 [CA11]

	CH3Hg+ + Cys2- + H+ = CH3HgCys
	26.07
	 [ZH04]

	CH3Hg+ + Tsh2- = CH3HgTsh-  
	17.34
	 [ZH04]

	CH3Hg+ + Tsh2- + H+ = CH3HgHTsh  
	21.41
	 [ZH04]

	CH3Hg+ + Gsh3- = CH3HgGsh2-  
	16.66
	 [ZH04]

	CH3Hg+ + Gsh3- + H+ = CH3HgHGsh-  
	26.35
	 [ZH04]

	CH3Hg+ + Gsh3- + 2H+ = CH3HgH2Gsh-  
	30.01
	 [ZH04]

	Solid Phases

	(Metacinnabar) HgS + H+ = Hg2+ + HS-  
	-36.8
	 [DR13]

	(Cinnabar) HgS + H+ = Hg2+ + HS-  
	-37.6
	 [DR13]

	HgO + 2H+ = Hg2+ + H2O  
	2.37
	 [PO05]

	HgCO3:2HgO + 4H+ = 3Hg2+ + 2H2O + CO32-  
	-11.491
	 [PO05]

	Hg3(PO4)2 = 3Hg2+ + 2PO43-  
	-49.27
	 [PO05]

	(HgOH)3PO4 + 3H+ = 3Hg2+ + PO43- + 3H2O  
	-21.738
	 [PO05]

	HgHPO4 = Hg2+ + PO43- + H+  
	-25.438
	 [PO05]

	a corrected to I = 0 mol dm-3 where necessary using Davies Equation
b Cys = cysteine; Psh = penicillamine; Gsh = glutathione; Tsh = thioglycolate
c [CA11] Cardiano, P., Falcone, G., Foti, C. and Sammartano, S. (2011) Sequestration of Hg2+ by Some Biologically Important Thiols. Journal of Chemical & Engineering Data 56, 4741-4750.
[DR13] Drott, A., Björn, E., Bouchet, S. and Skyllberg, U. (2013) Refining Thermodynamic Constants for Mercury(II)-Sulfides in Equilibrium with Metacinnabar at Sub-Micromolar Aqueous Sulfide Concentrations. Environ. Sci. Technol. 47, 4197-4203.
[LO07] Loux, N.T. (2007) An assessment of thermodynamic reaction constants for simulating aqueous environmental monomethylmercury speciation Chemical Speciation & Bioavailability 19, 183-196.
[NIST46] NIST Standard Reference Database 46: Critically Selected Stability Constants of Metal Complexes Database
[PE97] Pettit, L.D. and Powell, K.J. (1997) IUPAC Stability Constants Database: SC-Database for Windows, 3.0 ed. Academic Software, Yorks, UK.
[PO05] Powell, K.J., Brown, P.L., Byrne, R.H., Gajda, T., Hefter, G., Sjoberg, S. and Wanner, H. (2005) Chemical speciation of environmentally significant heavy metals with inorganic ligands - Part 1: The Hg2+-Cl-, OH-, CO32-, SO42-, and PO43- aqueous systems - (IUPAC technical report). Pure Appl. Chem. 77, 739-800.
[SA00] Sanz, J., Raposo, J.C. and Madariaga, J.M. (2000) Potentiometric study of the hydrolysis of (CH3)Hg+ in NaClO4: construction of a thermodynamic model. Applied Organometallic Chemistry 14, 499-506.
[SA02] Sanz, J., Raposo, J.C., de Diego, A. and Madariaga, J.M. (2002) Complexation of CH3Hg+ with chloride, sulfate and carbonate in NaClO4: construction of thermodynamic models. Applied Organometallic Chemistry 16, 339-346.
[ZH04] Zhang, J.Z., Wang, F.Y., House, J.D. and Page, B. (2004) Thiols in wetland interstitial waters and their role in mercury and methylmercury speciation. Limnol. Oceanogr. 49, 2276-2286.






An example of using AQUA-MER to calculate thermodynamic constants and perform speciation analysis.
To perform Hg biogeochemistry calculations, such as the speciation analysis of components in aqueous systems, thermodynamic constants of the possible chemical reactions are necessary. In this example, a solution sample from the environment that contains Hg2+, Na+, Cl- and 2-mercaptoacetic acid (Mac) will be considered. Since there are no thermodynamic constants of Mac or HgMac in the databases, users need to calculate the constants themselves. AQUA-MER provides a web resource to help users carry out these calculations and make it possible to study the biogeochemical behavior of species when no experimental constants are available. Below, we demonstrate how to use AQUA-MER to calculate the thermodynamic constants of Mac and HgMac and to perform speciation studies in a stepwise manner. 

1. Possible chemical reactions of Mac and its Hg complexes in the solution.
In the solution of Mac and Hg2+, there will be at least two kinds of reaction, such as proton dissociation and Hg association reactions (Figure S1). Each step of the reaction has a reaction constant K, therefore, in this example, at least four reaction constants (Ka1, Ka2, K1, K2) have to be calculated. 
[image: ]
Figure S1. Proton dissociation and Hg association reactions for mercaptoacetic acid (Mac). 

2. Conformational search of all Mac structures.
Before starting quantum chemical calculations, we recommend performing a conformational search for each molecule to identify the lowest-energy conformation. In this example, the Conformational Search submodel in the Computational Chemistry Toolkit of AQUA-MER is applied to each chemical structure. There are two ways to input the compound for conformation search: (1) upload the Cartesian coordinates or (2) draw it on-the-fly. Uploading the coordinates is preferred as the users can check their molecule while creating the 3D structure (for example, by checking the protonation states of the polar atoms). However, users can alternatively draw the compound with the PubChem chemical drawing plugin by clicking on the “Draw it now” button (Figure S2.1). While drawing, the plugin will generate the SMILES code for the compound automatically. Charges should be drawn explicitly so that the protonation state of the compound is assigned correctly. After drawing is complete, copy the SMILES code generated by the plugin to the input box following the line “Provide the SMILES of your molecule:” before proceeding to the next step. 

[image: ]
Figure S2.1. Structure input page for performing a conformational search. 

After inputting the compound, tell AQUA-MER which conformational search algorithm to use. Currently, three approaches are provided (Figure S2.2). Criteria for selecting the appropriate algorithm are described in the main text. In this example, we will use “Random sampling with MM optimization”, as our molecule is small and has few conformational degrees of freedom. 


[image: ]
Figure S2.2. Selection of the conformational search algorithm. 

Detailed parameters are displayed after the user has specified the searching algorithm (Figure S2.3). Generally, the default parameters work well for most small molecules, but if the molecule is large, increase the “Total number of rotamers to generate” to perform sufficient sampling. However, increasing the sampling will increase the running time. 

[image: ]
Figure S2.3 Specification of the conformational search parameters. 

In the next step, AQUA-MER creates a page for users to review the 3D structure of the input molecule and the conformational search parameters they provided (Figure S2.4).

[image: ]
Figure S2.4. Review and submission page for a conformational search.

After submitting the job, the results page will be refreshed every 30 seconds until the job is finished (Figure S2.5). Upon completion, the results will be displayed automatically. Also, if the job has failed, an error message will be displayed on this page. Users should record their job ID so they can close their browser window and return to the results page later by clicking “4. Results & download” in the left panel. 

[image: ]
Figure S2.5 Results page displayed while a conformational search is running. 

Once a job has finished successfully, the results are displayed automatically (Figure S2.6). On this page, the five lowest-energy structures and a 2D cluster analysis map of all the conformations identified will be shown. Users can download the results to their own computer.

[image: ]
Figure S2.6. Results page displayed after a conformational search is finished. 

Intermediate files, energies, geometries and RMSD values are all provided in the results package (Figure S2.7). The geometries of the lowest-energy conformers from each cluster are collected in the “xyz” folder and numbered according to their cluster ID. For example, the structure “CSearch_0_XXX.xyz” in the “xyz” folder, is the structure from cluster 0, which is the largest cluster. In this example, we will only use the most stable structure from cluster 0 for subsequent calculations. 

[image: ]
Figure S2.7. Listing of downloaded files after a conformational search performed by AQUA-MER. 

At this point, the user has performed a conformational search of Mac2-. To calculate the pKa of Mac and the log K of Mac with Hg, the conformational search procedure should be completed with HMac-, Mac, HgMac, and Hg(Mac)2, as shown in Figure S1. Please note that the SMILES code is a simplified way to input the compound, and may fail for some metal-containing complexes, such as Hg(Mac)2. In such a case, a better method to provide input structures is to generate an initial 3D Cartesian coordinate file (in xyz format) with software such as Avogadro (https://avogadro.cc/), or ChemDraw (http://www.perkinelmer.com/category/chemdraw), and upload the xyz file to AQUA-MER. 




3. pKa calculation of Mac.
In this step, the structures obtained from the conformational search are uploaded to perform the  pKa calculation. Select the correct xyz files for the deprotonated and protonated molecules, respectively, and then click the “Upload molecule” button to upload them to AQUA-MER. To calculate the pKa of the thiol group in Mac (pKa2 in Figure S1), the structures of Mac2- and HMac- should be uploaded for the deprotonated and protonated molecules, respectively (Figure S3.1).


[image: ]
Figure S3.1. Upload compounds for pKa calculation. 

Detailed parameters for quantum chemical calculations are displayed after the users upload their compounds (Figure S3.2). The default values should work for most small molecules. However, users should pay special attention to the charges of the molecules. For example, the deprotonated molecule, Mac2- carries two negative charges and the protonated molecule, HMac-, carriers one negative charge. Therefore, users should provide -2 and -1 for the deprotonated and protonated molecules, respectively. In the next step, AQUA-MER creates a review page for users to review the 3D structure of the input molecules and the pKa calculation parameters they provided (Figure S3.3).


[image: ]
Figure S3.2. Select parameters for pKa calculation. 


[image: ]
Figure S3.3. Review the input molecules and the parameters.

Due to limited computational resources, once the job is submitted only the input files for pKa calculation with Gaussian 16 are generated (Figure S3.4). Users should download these files and perform the calculations on their own computers.

[image: ]
Figure S3.4. Results page for a pKa calculation. 


Once the quantum chemical calculations are finished on the user’s local computer, the output files for the deprotonated and protonated molecules should be uploaded to the AQUA-MER website to calculate the pKa values (Figure S3.5). 

[image: ]
Figure S3.5. Web page for uploading quantum chemical output files to calculate pKa values. 

Once the quantum chemical output files have been uploaded, AQUA-MER calculates the pKa value automatically (Figure S3.6). On this page, the 3D structures are converted from the output files. The free energies, the pKa calculation formula, and the contents of the output files are also shown on this page. In this example, the pKa of the thiol in Mac is calculated to be 11.3. By repeating the steps in this section (from Figure S3.1 to S3.6) with HMac- and Mac, users can calculate the pKa of the carboxy group, which should be 4.6.  The experimentally measured pKa values for the thiol and carboxy group in Mac are 10.0 and 3.4, respectively (Smith et al., 2004). The differences between calculated and experimental values arise because we only used structures with the lowest potential energies from the conformational search (Figure S2.7). To improve the accuracy, users can optimize all the structures (or top N structures) obtained from the conformational search with DFT and polarizable continuum solvation, and then use the geometries with the lowest free energy to calculate pKa/log K.

[image: ]
Figure S3.6. Results for a pKa calculation performed with uploaded output files. 




4. Log K calculation of HgMac complexes.
In this step, the structures obtained from the conformational search are uploaded to perform the log K calculations. Select the correct xyz file for the metal, ligand, and complex, respectively, and then click the “Upload molecule” button. To calculate log K for Mac2- and Hg2+, structures of Mac2- and HgMac should be uploaded for the Ligand (L-) and the Complex (ML), respectively. Because the Metal (M+) in this example consists of only a single atom (i.e., Hg2+), the SMILES code can be generated directly (Figure S4.1).

[image: ]
Figure S4.1. Web page for inputting compounds for a log K calculation. 
Detailed parameters for quantum chemical calculations are displayed after users upload their compounds (Figure S4.2). The default values should work for most small molecules. However, users should pay special attention to the charges and the scaling factors for the molecules. For example, the ligand Mac2- carries two negative charges and the metal ion, Hg2+, carries a charge of +2. Therefore, users should enter -2 and +2 for the charge of the ligand and metal, respectively. For the log K calculations, the scaling factors can be selected according to (Devarajan et al., 2018). Briefly, different scaling factors are used to scale the solvent cavity (the SAS surface in this case). For the Ligand (L-), the optimized scaling factor is 0.485. For the Metal (M+), the optimized value is 0.977. For the complex, the value 1.08 can be used for the metal-ligand complexes with two ligands (i.e., ML2 and MLL’). For all other complexes, 1.00 is a good choice. However, for a single-ligand metal complex (i.e., ML) that has both an -SH and a -COO- functional group, e.g. Mac, 0.977 can be used. For reference, AQUA-MER will generate these scaling factors automatically according to the input structures. In the next step, AQUA-MER creates a review page for users to review the 3D structures of the input molecules and the log K calculation parameters they provided (Figure S4.3).



[image: ]
Figure S4.2. Parameter selection for a log K calculation. 




[image: ]
Figure S4.3. Web page for reviewing input molecules and parameters.


Due to limited computing resources, once a job is submitted only the input files for log K calculation are generated (Figure S4.4). Users should download these files and perform the calculations on their own computers.
[image: ]
Figure S4.4. Results page for a log K calculation. 
Once the calculations are finished on the user’s local computer, the output files of deprotonated and protonated molecules should be uploaded to the AQUA-MER web page to calculate the log K values (Figure S4.5). 


[image: ]
Figure S4.5. Web page for uploading Gaussian output files required to calculate the log K values.

Once the output file is uploaded, AQUA-MER calculates the log K value automatically (Figure S4.6) On this page, the 3D structures are converted from the output files. The free energies, log K calculation formula, and contents of the output files are also shown. In this example, log K of HgMac was calculated to be 32.9. By repeating the steps in this section (from Figure S4.1 to S4.6) with HgMac, Mac2-, and Hg(Mac)2, the users can calculate log K of Hg(Mac)2 to be 9.8. The experimental measured log K values for HgMac and Hg(Mac)2 are 34.5 and 9.3, respectively (Skyllberg, 2008). The reasons for the differences are similar to those described above for pKa calculations (Figure S3.6).

[image: ]
Figure S4.6. Results of a log K calculation from Gaussian output files uploaded by the user. 




5. Generating a speciation plot
In this step a virtual solution will be created (Figure S5.1). First, the user should specify the thermodynamics constant databases to be used in the speciation calculations. In this example, the default Phreeqc database and parameters from AQUA-MER are used. Note that the following calculations will be performed based on the selection of the databases in this section. Therefore, it is critical to keep using the same database selection throughout the job for the following process. The second section is the physical conditions of the solution, including the pH, temperature, redox value/state, etc. A pH range is required for the titration. However, users can specify pH (max) equal to pH (min) to calculate the speciation in a fixed-pH solution. The third section is the species in the solution. For example, this solution contains Hg, Na, Cl, and Mac, and their concentrations are 1e-5, 1e-4, 1e-4, and 2e-5 mol/L, respectively. While inputting the Elements/Species, AQUA-MER will automatically search the databases selected from the first section. If parameters are found, they will be listed in the adjacent boxes. In the present example, parameters were found for Hg, Na, and Cl. However, if AQUA-MER cannot find parameters for the species, e.g. Mac in this example, a “Parameter missing” warning will be displayed and options will be provided for the users either to remove this species or calculate the required parameters with DFT. Because we have already calculated the constants, we can add them by clicking the “Add new master species” and the “Add new solution species” buttons in the SOLUTION_MASTER_SPECIES and SOLUTION_SPECIES boxes, respectively. Before proceeding to the next step, please make sure the charge balance species has been specified by adding ‘charge’ into the ‘Additional keywords’ box for that species. Here, Cl is used as the charge balance species. 
[image: ]
           … … …    … … …
[image: ]
Figure S5.1. Input parameters for speciation analysis. 

As shown in Figure S5.2, in the SOLUTION_MASTER_SPECIES box, the solution master species parameter for Mac should be added according to the input rules for PHREEQC (Parkhurst and Appelo, 2013). Similarly, in the SOLUTION_SPECIES box the solution species parameter for Mac and its related reactions should be added. Note that PHREEQC reads the reactions as association reactions. Therefore, the proton dissociation reactions should be written in reverse. Hence, the pKa of an acid is the log K of the acid anion (i.e., conjugate base) and the proton. Moreover, PHREEQC takes the cumulative thermodynamic constant, log ß, instead of the stepwise constants (log K) we calculated previously. Therefore, users should sum the latter values to obtain log ß. For example, for the reactions in Figure S1, Hg2+ + Mac2- = HgMac (K1) and HgMac + Mac2- = Hg(Mac)22- (K2) can be rewritten as Hg2+ + 2Mac2- = Hg(Mac)22-, and the reaction constant for this new reaction is K1*K2, such that the log K of the new reaction equals log K1 + log K2. 
[image: ]
                … … …    … … …
[image: ]
Figure S5.2. Addition of missing thermodynamic parameters for Mac. 


In the next step, AQUA-MER creates a review page for users to review the speciation parameters they provided (Figure S5.3).
[image: ]
Figure S5.3. Review of input parameters.

Once the speciation calculations are finished, AQUA-MER plots the results and provides an interactive interface for users to analyze the results (Figure S5.4). On this page, all species in the solution are listed above the plot with color bars. By clicking on color bars, users can toggle the display of the corresponding species. After hiding the dominant species, such as H+, OH-, Cl-, Na+, and NaOH, the page shows the concentration changes of the species of interest, such as HgMac, HgMac22-, HMac-, H2Mac, and Mac2-. By moving their mouse over the plot, users can inspect the concentrations of each species in the solution at each pH. 

[image: ]
Figure S5.4. Speciation plot for the virtual solution. 
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Step 3. Review & Submit

1. Input a compound
puta compout Parameter Value
2. Searching parameters
3. Review & submit
4. Results & download
JEEETTEI ot Molecule
1. Redo dlustering
Independent Tools
Conformational search
JobID 823
AGqqy calculation
AL File name c(Cc=0)0Is-]
PK, calculation File type smi
Iog K calculation
i — Method Random Search
Forcefield UFF
Total number of rotamers to generate 1000
Max minimization steps for each rotamer 2500
eps value used by DBScan clustering 0.01
Minimum number of samples allowed for a cluster 2
Submit
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Step 4. Resuts

klzrac The job 823 is running. Will check again in 26 seconds...
2. Searching parameters

3. Review & submit
4. Results & download

m Waiting to be finished! Please find the log files bellow:

1. Redo dlustering

Independent Tools Your job is waiting to be submitted!

Conformational search

Remember the job ID, if you'd like to close the browser and check your results later.

BGqgy calculation
PK; calculation
log K calculation
‘Toolkit Home
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Step 4. Resuts

1. Input a compound

2. Searching parameters

- Job 823 is finished, click HERE to download the structure files.

4. Results & download You can also redo clustering, click HERE.

TTE—— et s st

1. Redo clustering 1 2 3 4 5

Independent Tools

Conformational search

Gy calculation
PK, calculation
log K calculation 1 ﬁ
Toolkit Home:
Estimated number of clusters: 12
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Step 1. Input compounds

1. Input compounds
2. Parameters.

3. Review & submit

4. Results & download

Calculate from outputs

1. Upload the output files
Conformational search
BGqgy calculation

PK; calculation

log K calculation
‘Toolkit Home

The pK, calculation uses the following equation,

HA > A"+ H" K, =[ATH'VHA] pK, =-log K,

therefore, it requires the user to provide both the deprotonated (A") and the protonated (HA) forms of the compound.

The user has two options to input the structure of the molecule,

a) Draw it with the plugin from PubChem . While drawing, the plugin will generate a SMILES code for your structure. Once finished, just paste the SMILES code to the
frame on the right. Remember to draw the point charge(s) explicitly, if your compound is cation/anion/zwitterion!)
b) Upload your own coordinates for the interested structure. Structures in xyz, pdb, sdf, and mol2 are supported.

NOTE: The SMILES code is a simplified version of chemical notation, and it does not handle proton well. If protons are important in your structure, you'd better upload

your own coordinates in xyz format.

Provide the SMILES of your "deprotonated (A-)" molecule: Peste the SVILES here

Drawitnow  OR | Upload coordinates

Upload your structure fle for "deprotonated (A-)" molecule: Croose Fie [cscarcn 0 csearen 82352 |

Format: vz %

Upload structure

Provide the SMILES of your "protonated (HA)" molecule: Paste the SMILES here

Drawitnow  OR | Upload coordinates

Upload your structure file for "protonated (HA)" molecule: Choose File

Format: vz %

Upload structure

Next
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Step 2.1 Parameters for pK Calculation

R Your JobID is 828

2. Parameters
P Please input QM calculation parameters for each molecule:
& R G Parameters Deprotonated (A-) Protonated (HA)
Software: o't (Gosian®)
1. Upload the output fles Title of calculations (optional):  AQUA-MER pKa Caleu AQUA-MER pKa Caleu
Type of calculation [ Optimization and Frequencies 4 || Optimization and Frequencies &
Conformational search Number of processors (max: 32): 32 22
AGqqy calculation Meory to use (unit: GB): 1 1
K, calculation Functional: [MoB-2x 3] [MoB-2x 3]
log K calculation BasisSt [ 6-31+6(d,p) # | | 6-31+6(dp) & |
“Toolkit Home:
ultplicity: 1 1
Format of the coordinates: [ Cartesian [Cartesian ¢ |
Solvation model: ECD [swot)
Solvent: [water ¢ [water s
Surface type for the cavity: | Solvent Accessible Surface #| | Sovent Accessible Surface # |
Scaling factor for the cavity: 0485 0485
Next
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Step 3. Review & Submit

1. Input compounds
2. Parameters.

3. Review & submit
4. Results & download

Calculate from outputs

1. Upload the output files

Independent Tools

Conformational search

Your JoblD is 828

Please review the input parameters for your calculations:

Parameter Deprotonated (A-)

>

Input Molecule

Prontonated (HA)

Gy calculation
pK, calculation
foaicacaton File name A_CSearch_0_csearch-823.xyz HA_CSearch_0_csearch-824.xyz
Toolkit Home File type vz Xz
Software Gaussian Gaussian
Job Title AQUA-MER pKa Calculation AQUA-MER pKa Calculation
CalculationType  Opt-Freq Opt-Freq
Processors 32 32
Memory 168 168
Funcional M06-2X M06-2X
Basis Set 6:31+6(d,p) 6:31+G(d,p)
Charge 2 4
Muttplicity 1 1
Solvation Model  SMD SWD
Solvent water water
Cavity Surface sAS sAS
Cavity Scaling Factor 0.485 0.485
Subrit
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Center for Use the latest version of Chrome to achieve the best performance.
Molecular Please report bugs to Dr. Peng Lian at lianp@ornl.gov
Biophysics Copyright(c) 2006-2018 by CMB @ UT/ORNL




image12.png
Mercury
AQUA-MER 2z,
Database

mueUNIVERSITYof Subsurface
TENNESSEEUF%OAK RIDGE Redmen mice!
KNOXVILLE National Laboratory Program

Home Speciation Stability Constants FAQ

Job 828 is finished, click HERE to download the input files.

1. Input compounds
2. Parameters.

3. Review & submit
4. Results & download

Calculate from outputs

1. Upload the output files

Independent Tools

Conformational search

Input file for deprontonated (A) molecule:

Due to the license issue, only the input file for Gaussian is provide. The user can do the calculation locally and upload the output file to do the analysis online.

A_pka_828.com

#NProc=32
BGqgy calculation 3Men-16B
#Chk=stepl_1_A_pka-828.chk
PK, calculation
iy — #P M062X/6-31+G(d,p) Opt=(MaxCyc=100) Freq SCF=(MaxCyc=200, Tight) Integral=UltraFine NoSymm SCRE=(SMD,
g solvent=water, Read)
“Toolkit Home
A_pka-828
21
c ~0.60400 -0.17400 0.10500
c 0.87300 0.03600 -0.01900
° 1.42000 1.21400 0.33800
° 1.58900 -0.86000 -0.43500
s -1.49000 1.02200 -0.93600
H -0.90900 -0.03700 1.16300
" ~0.88000 -1.20100 -0.21700
Surface=sas
Alpha=0.485
Input file for prontonated (HA) molecule:
Due to the license issue, only the input file for Gaussian is provide. The user can do the calculation locally and upload the output file to do the analysis online.
HA_pka_828.com
#NProc=32
‘Mem=1GB
Chk=stepl_1_HA pka-828.chk
#P MO62X/6-31+G(d,p) Opt=(MaxCyc=100) SCF=(MaxCyc=200, Tight) Integral=UltraFine NoSymm SCRE=(SMD,
solvent=water, Read)
HA_pka-828
11
c -1.01900 0.09100 0.26100
c 0.25500 -0.50200 -0.25600
s 1.68800 0.27700 0.54700
° -1.31900 0.01100 1.57100
° -1.79400 0.64300 -0.50400
H 0.34500 -0.38200 -1.35700
" 0.27200 -1.59000 -0.04100
" 1.57300 1.45100 -0.22200
Surface=sas
Alpha=0.485
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Calculate pKj from the output files.

1-Input compounds The pK, calculation uses the following equation,
2. Parameters
3. Review & submit HA > A+ H* K, = [ATH'VHA] pK, = -log K,
4. Results & download
therefore, it requires the user to provide output files for both the deprotonated (A") and the protonated (HA) forms of the compound.
Calculate from outputs
1. Upload the output fles Upload the output file for "deprotonated (A" molecule: | Choose file A pka-626.0q

Independent Tools Upload the output file for "protonated (HA)" molecule: ~Cheose File HA_pka-828.1og

Conformational search
BGqgy calculation

PK; calculation

log K calculation

Upload structures

Toolkit Home
This website has been visited 101772 times.
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Eloelcompotncs Job 833 is finished, click HERE to download the results.
2. Parameters
3. Review & submit The pK; calculated from the uploaded output files is:

4. Results & download

Calculate from outputs

1. Upload the output files

‘4 >=(>

Ligand (A) Complex (HA)

Conformational search 3D strucutures
BGqgy calculation
PK; calculation
log K calculation

— Gaq -626.237878 a.u. -626.693205 a.u.

PKa = ((Gaq_A - Gag_AH) + Ggq_H) / (2.303 * RT)
(-626.237878 - -626.693295) * 627.5095 + -270.30) / (2.303 * 0.5925)
=11.344

The output file for deprontonated (A) molecule:

A_A_pka-828.log

Entering Gaussian System, Link 0=g09
Input=A_pka-828.com
Output=A_pka-828.1og

Initial comman
/software/user_tools/current/cades-bsd/gaussian/bin//g09/11.exe "./Gau-44044.inp" -scrdir="./"
Entering Link 1 = /software/user_tools/current/cades-bsd/gaussian/bin//g09/11.exe PID= 44045,

Copyright (c) 1988,1990,1992,1993,1995,1998,2003,2009,2015,
Gaussian, Inc. All Rights Reserved.

The output file for prontonated (HA) molecule:

HA_HA_pka-828.1og

Entering Gaussian System, Link 0=g09
Input=HA_pka-828.com

Output=EA_pka-828.10g

Initial command:

/software/user_tools/current/cades-bsd/gaussian/bin//g09/11.exe "./Gau-58816.inp" -scrdir="./"
Entering Link 1 = /software/user_tools/current/cades-bsd/gaussian/bin//g09/11.exe PID= 58817.

Copyright (c) 1988,1990,1992,1993,1995,1998,2003,2009,2015,
Gaussian, Inc. All Rights Reserved.

L oml This website has been visited 101772 times.
Center for Use the latest version of Chrome to achieve the best performance.
Molecular Please report bugs to Dr. Peng Lian at lianp@orni.gov

Blophysics Copyright(c) 2006-2018 by CMB @ UT/ORNL




image15.png
Mercury m UNIVERSITYof Subsurface
AQUA-MER 2z, TENNESSEEUI’%OAK RIDGE @@ g2t

Database KNOXVILLE National Laboratory Program

Home Speciation Stability Constants FAQ

Step 1. Input compounds

A The log K calculation uses the following equation,
2. Parameters
3. Review & submit M*+L —->ML K= [MLVMIL]

4. Results & download

Calculate from outputs

1. Upload the output files

Independent Tools a) Draw it with the plugin from PubChem . While drawing, the plugin will generate a SMILES code for your structure. Once finished, just paste the SMILES code to the
frame on the right. Remember to draw the point charge(s) explicitly, if your compound is cation/anion/zwitterion!)
b) Upload your own coordinates for the interested structure. Structures in xyz, pdb, sdf, and mol2 are supported.

therefore, it requires the user to provide both the metal ion (M#), the ligand (L") and the complex (ML) forms of the compound.

The user has two options to input the structure of the molecule,

Conformational search

AGgoy calculation
PK, calculation NOTE: The SMILES code is a simplified version of chemical notation, and it does not handle proton well. If protons are important in your structure, you'd better upload
your own coordinates in xyz format.
Iog K calculation
Toolkit Home: Provide the SMILES of your "Metal (M+)" molecule: (Hg++]
Drawitnow  OR  Upload coordinates.
Broadband & SMiLEs ¢ tHg++]
New [udo|cin | sty [ el on,o{-»O-t--*
— | == ||| — | >< |2~ | sA|0m|sD
= [o[olO[C[CE = o[
) DA Y AON o ) T Y ) oy e
H 2|z ¢ He
Li [Be B|{C[N[O|F|Ne Hg2*
Na [Mg Alsi|p|s|c|ar
K |[Ca|Sc|sc# |Ga|Ge|As|Se|Br|Kr
Ro[sr|Y|Y ¢ [in|sn|sb|[Te| I [xe
Cs [Ba . Hg4| | Ti|Pb|[Bi[Po|At|Rn
Exqort | MDLMofle ¢ Done
Hyorogen | Keep Asls D Help
Import | Choose File | No ile chosen
Provide the SMILES of your "Ligand (L-)" molecule: Paste the SMILES here
Drawitnow  OR  Upload coordinates.
Upload your structure file for "Ligand (L-)" molecule: | Choose Fil
Format: e &
Upload structure
Provide the SMILES of your "Complex (ML)" molecule: Paste the SVILES here
Drawitnow  OR  Upload coordinates.
Upload your structure file for "Complex (ML)" molecule: ~Choose Fiie
Format: e &
Upload structure
Next
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Step 2. Parameters for log K Calculation

1. Input compounds
2. Parameters.

3. Review & submit

4. Results & download

Your JoblD is 830

Please input QM calculation parameters for each molecule:

Parameters Ligand (L-) Complex (ML) Metal (M+)
Calculate from outputs Software: Gaussian # Gaussian # Gaussian #
1. Upload the output files Title of calculations (optional):  Log K Calc (L-) Log K Calc (ML) Log K Cale (M+)
Independent Tools Type of calculations: Optimization and Frequencies % | Optimization and Frequencies # | [ Optimization and Frequencies ¢
Conformational search Number of processors (max: 32): 32 22 2
AGgqy calculation Meory to use (unit: GB): 10 10 10
pK, calculation Functional: M5+ Mos ¢ Mos ¢
log K calculation BasisSet: 6-31:6(dp) + 6-31:6(dp) + sDD g
Toolkit Home Charge: 2 0 2
Multiplicity: 1 1 1
Format of the coordinates: Cartesian & Cartesian § Cartesian §
Solvation model: SMD swD ¢ swD ¢
Solvent: water & water ¢ water ¢
Surface type for the cavity: Solvent Accessible Surface #| [ Solvent Accessible Surface #] [ Solvent Accessible Surface &
Scaling factor for the cavity:  0.485 0977 0977
Software The Software for QM calculations. Currently, only Gaussian and NWChem are available. Please note that the QM calculations may take hours o days to be done, therefore, we
oftWare only provide the input fles. The users have to download the input files and perform the calculations locally.
fy"':',‘;" We suggest to use the scaled Solvent Accessible Surface (sSAS) approach developed in our group to perform the calculations. (Ref. DOI: 10.1021/acs jpca.8b01751 ) But the
e users can always use the default implementation in the QM software they used by selecting "Software Default" from the drop down. ote that the SSAS approach is not
Cavity  avallable in NWChem due to the different implementations of SMD.
Scaling In the SSAS approach, different scaling factors were used to scale the solvent cavity (SAS surface in this case). For the Ligand (L), the optimized scaling factor is 0.485. For the
factor ~ Metal (M*), the optimized value is 0.977. For the complex, the value 1.08 can be used for the metal ligand complexes with 2 ligands (i.e., ML2 and MLL). For all the other
forthe  complexes, 1.00 is a good choice. However, for the single ligand metal complex (i.e., ML) that has both the -SH and -COO" functional groups (example: mercaptoacetic acid)
cavity (977 can be used . (Ref. DOI: 10.1021/acsearthspacechem.8b00102).
Next
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log K Calculation Step 3. Review & Submit
1-Input compounds Your JobID is 830
2. Parameters ) . )
Pp— Please review the input parameters for your calculations:
R s Parameter Ligand (L-) Complex (ML) Metal ion (M+)

Calculate from outputs

1. Upload the output files

Independent Tools

Conformational search

Input Molecule

Gy calculation

pK, calculation

log K calculati

LA File name L_CSearch_0_csearch-823.xyz ML_CSearch_0_csearch-826.xyz [Hg++]

Toolkit Home File type Xz Xz smi
Software Gaussian Gaussian Gaussian
Job Title Log K Calc (L) Log K Calc (ML) Log K Calc (M+)
Calculation Type ~ Opt-Freq Opt-Freq Opt-Freq
Processors 2 2 2
Memory 10GB 10GB 10GB
Functional Mos Mos Mos
Basis Set 6:31+6(d,p) 6:31+G(d,p) )
Charge 2 0 2
Mutiplcity 1 1 1
Solvation Model  SMD SMD SMD
Solvent water water water
Cavity Surface sAs sAs sAs
Caviy Scaling Factor 0.485 0977 0977

Submit
or oml This website has been visited 101673 times.
Center for Use the latest version of Chrome to achieve the best performance.
Molecular Please report bugs to Dr. Peng Lian at lianp@ornl.gov

Biophysics.

Copyright(c) 2006-2018 by CMB @ UT/ORNL




image18.png
Mercury
AQUA-MER 2z,
Database

xuUNIVERSITYof

KNOXVILLE

TENNESSEEUI’*OAK RIDGE

National Laboratory

Subsurface
Biogeochemical
Research
Program

Speciation Stability Constants FAQ

Step 4. Resuts

1. Input compounds
2. Parameters.

3. Review & submit
4. Results & download

Calculate from outputs

1. Upload the output files

Independent Tools

Job 830 is finished, click HERE to download the input files.

Input file for metal ion (M+) molecule:

Due to the license issue, only the input file for Gaussian is provide. The user can do the calculation locally and upload the output file to do the analysis online.

M_logk_830.com

Conformational search &NProc=32
s %Mem=10GB
ECaavcactiator sChk=stepl_1_M_logk-830.chk
PKj calculation
- #P M06/Gen Opt=(MaxCyc=100) Freq Pseudo=Read SCF=(MaxCyc=200, Tight) Integral=UltraFine NoSymm SCRF=(SMD,
lEglEe i solvent=water)
Toolkit Home:
M_logk-830
21
Hg 0.50458 -0.01414 -0.02637
Hg 0
oD
Hg 0
oD
--linkl--
#NProc=32
*Mem=10GB
$Chk=stepl_1_M_logk-830.chk
#P M06/ChkBasis SCF=(MaxCyc=200, Tight) Integral=UltraFine NoSymm SCRF=(SMD, solvent=water, Read)
Geom=Checkpoint Guess=Read
M_logk-830
21
Surface=SAS
Alpha=0.485
ModifySph
Hg 1.55 0.977
Input file for ligand (L") molecule:
Due to the license issue, only the input file for Gaussian is provide. The user can do the calculation locally and upload the output file to do the analysis online.
L_logk_830.com
#NProc=32
*Mem=10GB
$Chk=stepl_1_L_logk-830.chk
#P M06/Gen Opt=(MaxCyc=100) Freq SCF=(MaxCyc=200, Tight) Integral=UltraFine NoSymm SCRE=(SMD, solvent=water)
L_logk-830
21
c -0.60400 -0.17400 0.10500
c 0.87300 0.03600 -0.01900
° 1.42000 1.21400 0.33800
o 1.58900 -0.86000 -0.43500
s -1.43000 1.02200 -0.93600
" -0.90900 -0.03700 1.16300
B -0.88000 -1.20100 -0.21700
HCS00
6-31+G(d,p)
*Mem=10GB
$Chk=stepl_1_L_logk-830.chk
#P M06/ChkBasis SCF=(MaxCyc=200, Tight) Integral=UltraFine NoSymm SCRF=(SMD, solvent=water, Read)
Geom=Checkpoint Guess=Read
L_logk-830
21
Surface=SAS
Alpha=0.485
Input file for complex (ML) molecule:
Due to the license issue, only the input file for Gaussian is provide. The user can do the calculation locally and upload the output file to do the analysis online.
ML_logk_830.com
#NProc=32
*Mem=10GB
$Chk=stepl_1_ML_logk-830.chk
#P M06/Gen Opt=(MaxCyc=100) Freq Pseudo=Read SCF=(MaxCyc=200, Tight) Integral=UltraFine NoSymm SCRF=(SMD,
solvent-water)
ML_logk-830
01
c -0.75700 0.63000 -0.16300
c -0.12100 -0.72400 -0.10200
s 1.07900 -0.79100 1.25900
Hg 2.41700 0.93700 0.26300
o -0.65200 1.31300 -1.16900
o -1.45400 1.09700 0.89100
" 0.39500 -0.97600 -1.05300
" -0.90800 -1.48700 0.07400
HCS00
6-314G(d, p)
Hg 0
DD
Hg 0
spD
--linkl--
#NProc=
$Men=10G8
#Chk=stepl_1_ML_logk-830.chk
#P M06/ChkBasis SCF=(MaxCyc=200, Tight) Integral=UltraFine NoSymm SCRF=(SMD, solvent=water, Read)
Geom=Checkpoint Guess=Read
ML_logk-830
01
Surface=sas
Alpha=0.485
ModifySph
Hg 1.55 0.977
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Calculate log K from the output files.

Eloelcompotncs The log K calculation uses the following equation,

2. Parameters

3. Review & submit M+ L > ML K= [MLYMLYIL]

R s therefore, it requires the user to provide output files for the Ligand (L"), the Complex (ML), and the Metal (M*).

Calculate from outputs

1. Upload the output files

Independent Tools Upload the output file for "Ligand (L" molecule:  Choose File L logk-830.0g

Upload the output file for "Metal (M+)" molecule:  Choose File M logk-830.log

Conformational search Upload the output file for "“Complex (ML)" molecule: Choose File ML logk-830.10g
BGqgy calculation
PK; calculation Upload structures

log K calculation

‘Toolkit Home
ur omt This website has been visited 101805 times.
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Step 4. Resuts

A Job 835 is finished, click HERE to download the resuits.
2. Parameters
3. Review & submit The log K calculated from the uploaded output files is:

4. Results & download

Calculate from outputs

1. Upload the output files

Independent Tools

Conformational search 3D strucutures ?;( . .&/
Gy calculation

PK; calculation

Ligand (L-) Metal ion (M+) Complex (ML)

log K calculation
Gag -626.210710562 a.u. -153.216515833 a.u. -779.495695756 a.u.

Toolkit Home

log K= -1(Gaq_ML - Gyq_L - Gaq M - AG®)/(2.303 * RT)
1%((-779.495695756 - -626.210710562 - -153.216515833) * 627.5095 - 1.89) / (2.303 * 0.5925)
2.873

The output file for the Metal (M+):

M_M_logk-830.log

Entering Gaussian System, Link 0-g09
Input=M_logk-830.com
Output=H_logk-830.1og

Initial comman
/software/user_tools/current/cades-bsd/gaussian/bin//g09/11.exe "./Gau-147131.inp" -scrdir="./"
Entering Link 1 = /software/user_tools/current/cades-bsd/gaussian/bin//g09/11.exe PID=  147132.

Copyright (c) 1988,1990,1992,1993,1995,1998,2003,2009,2015,
Gaussian, Inc. All Rights Reserved.

The output file for the Ligand (L):

L_L_logk-830.log

Entering Gaussian System, Link 0=g09
Input=L_logk-830.com
Output=L_logk-830.10g

Initial comman
/software/user_tools/current/cades-bsd/gaussian/bin//g09/11.exe "./Gau-76086.inp" -scrdir="./"
Entering Link 1 = /software/user_tools/current/cades-bsd/gaussian/bin//g09/11.exe PID= 76087.

Copyright (c) 1988,1990,1992,1993,1995,1998,2003,2009,2015,
Gaussian, Inc. All Rights Reserved.

The output file for the Complex (ML):

ML_ML_logk-830.log

Entering Gaussian System, Link 0=g09
Input=ML_logk-830.com

Output=ML_logk-830.10g

Initial command:

/software/user_tools/current/cades-bsd/gaussian/bin//g09/11.exe "./Gau-86240.inp" -scrdir="./"
Entering Link 1 = /software/user_tools/current/cades-bsd/gaussian/bin//g09/11.exe PID= 86241,

Copyright (c) 1988,1990,1992,1993,1995,1998,2003,2009,2015,
Gaussian, Inc. All Rights Reserved.
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Speciation Calculator Input Parameters
1. Input parameters
oLt per SOLUTION 1
2. Review & submit
3. Results Thermodynamics constants database
Database to use: | phreeqc+aquamer 4
phreeqc Use default Phreeqc database only
phreeqc+aquamer  Use default Phreeqc database and parameters from Aquamer
phreeqc+calc Use default Phreeqc database and parameters calculated by Aquamer

phreeqc+aquamer+calc Use default Phreeqc database, parameters from Aquamer, and parameters calculated by Aquamer

Environmental conditions for this solution

Title: | AQUA-MER SOLUTION (Title for this solution)

Temperature (°C) 250

pH (min): (00 pH (max): 140 pH (increment): 10 (For single pH solution, set pH (max) equal to
PH (min))

Redox state calculation options: ( pe + (Select one of the methods to calculate redox state)

pe value/redox couple: 4.0 (If using redox couple (e.g. O(-2)/O(0) ), make sure include one/both species in the Elements/Species
section.)

Density: 1.0 (Density of the solution, kg/L)

Concentration Units: | mole per iter (mol/L) +] (Default concentration unit for elements in this solution)

Titrant: | NaOH ¢

Titrant concentration: 10.0

Elements/species in this solution

Required. The elements (this is ‘elements' as defined by PHREEQC, not 'chemical elements’), or species for organic molecules, in the
solution. All available elements and species in the AQUA-MER database can be found from HERE
Concentration  Required. Concentration for the input element/species.

Elements/Species

Concentration  aptional. Concentration units for this elementispecies. If not specified, the default units defined above will be applied.
AS & AS Formula Optional. Specify a chemical formula for calculating the gram formula weight (GFW). Used to convert mass units into mole units.
SPW&GFW. Optional. Specify the gram formula weight (GFW,) for this elementispecies. Used to convert mass units into mole units.

Optional. Redox couple for this element/species. If not specified, the default redox couple defined above will be applied. See HERE for how to

Redox couple  gefine redox couple.

Additional Optional. Other keywords for this element/species, such as phase name, saturation index, and charge balance etc. If multiple keywords are

keywords specified, please seperate them with blanks.

Elements/Species Concentration Concentration units AS AS Formula ~ GFW GFW Formula  Redox couple Additional keywor

Hg Te-10 Unit for this element, if diffe formula if use formula if use "GFW". | Redox couple for this eleme (optional keywords.
remove

Na Te-4 Unit for this element, if diffe formula if use formula if use "GFW". | Redox couple for this eleme (optional keywords.

= charge

a te-a Unit for this element, i diffe| ) [formula if use formula f use "GFW". | |Redox couple for this eleme
remove

Mac 2e-10 Unit for this element, if diffe formula if use formula if use "GFW". | Redox couple for this eleme (optional keywords.
remove

add element

NOTE 1. At least one of the species in this section should be specified for charge balance. (Input ‘charge" as an additional keyword to that species.)
2. If using redox couple (e.g. O(-2)/0(0)) to calculate the redox state, make sure include one/both species in the Elements/Species section.
Next

Parameters in AQUA-MER:

4 M\
SOLUTION_MASTER_SPECIES

Element Species Alkalinity GFWorFormula GFWforElement Note Ref

Hg Hg#2 00 Hg 20059 scB

Na Na+ 0.0 Na 22,9898 Phreeqc

cl ch 0.0 cl 35.453 Phreeqc

Mac Mac - "Parameter missing !" remove | calculate with DFT

Add new master specie

.
4 N
SOLUTION_SPECIES
Element Species Reaction logk AH  Gamma Source
Hg#2 = Hg+2 00— — scB

1Hg+2 + 1H20 - 1H+

IgOH+ .34 497 keal - PO05





image22.png
Pb+2 + 4 Cl- = PbCl4-2 138 353kcal - Phreeqc

Mac Mac  "Parameter missing I" - - remove | calculate with DFT

Add new solution specie
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Parameters in AQUA-MER:

e
SOLUTION_MASTER_SPECIES

Element Species Alkalinity GFWorFormula GFWforElement Note Ref

Hg Hg#2 00 Hg 20059 scB

Na Na+ 0.0 Na 22,9898 Phreeqc

cl ch 0.0 cl 35.453 Phreeqc

Mac Mac - "Parameter missing !" - remove | calculate with DFT

Add new master specie

Tips for customizing elements & species (Details):
Element — An element name or an element name followed by a valence state in parentheses. The element name must begin with a capital
letter, followed by zero or more lower case letters or underscores (*_").

Species - Formula for the master species, including its charge. If the element name does not contain a valence state in parentheses, the
corresponding master species is a primary master species. If the element name does contain a valence state in parentheses, the master
species is a secondary master species. The master species must be defined in the SOLUTION_SPECIES data block.

Element Species Alkalinity ‘GFW or Formula GFWforElement Note
Mac Mac-2 00 C2H2025 2
add new

oK
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17 247keal - Phreeqc
138 353keal - Phreeqc
Mac ~ Mac  "Parameter missing " — — — remove || calculate with DFT
Add new solution specie
Reaction LogK DeltaH Unit GammaA GammaBAl A2 A3 A4 A5 A6 Dwl Dw2 Dw3 Dw4 Vml Vm2 Vi
Mac-2 = Mac-2 00 oo [k #/00 00 00 00 |00 00 |00 00 (00 |00 00 00 00 |00 |00
He + Mac-2 = HMac- | 11.3 [
2H+ + Mac-2 = H2Mal 159 (¥
Hg+2 + oM (32 (¥
Hg+2 + 2Mac-2 = Ho( 427 (¥
add new
oK
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Speciation Calculator Step 2. Review & Submit
1. Input parameters

Job ID : 1047
2. Review & submit

3. Results

Title AQUA-MER SOLUTION
Database: phreeqc+aquamer

Titrant: NaOH 10.0 mol/L

SOLUTION 1
temp 25.0
pH0.014.01.0
pe4.0
units mol/L
density 1.0
Hg 1e-10
Na 0.0001
C10.0001 charge
Mac 2e-10
SOLUTION_MASTER_SPECIES
Mac Mac-2 0.0 C2H202S 90.0
SOLUTION_SPECIES
Mac-2 = Mac-2
log_k 0.0
H+ + Mac-2 = HMac-
log_k 11.3
2H+ + Mac-2 = H2Mac
log_k 15.9
Hg+2 + Mac-2 = HgMac
log_k 32.9
Hg+2 + 2Mac-2 = Hg(Mac)2-2

log_k 42.7
Submit Revise
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Speciation Calculator Step 3. Results

1-Input parameters Job 1047 is finished.

2. Review & submit

‘To DOWNLOAD the results, click HERE.
To REVISE the input parameters, click HERE.

Speciation plot of AQUA-MER SOLUTION

3. Results

Molality || Activity || LogMolality | Log Activity | | Log Activity Coefficient

Molality vs pH

I - . o+ N o- NN Hoc-> NN Hocis- NN Hocl2 NN HoCl+ HgoHe! N 2 I Hoveo NN Ho+2
N HgoH+ N HooH?2 N HoMac2-2 [ HooH)3- M Ho2oH+3 I HoMac [N HMac- [ Mac-2 [N Ne+
Heor [N o2

0.00000000025
0.00000000020

0.00000000015

ty (mol/Kgw)

0.00000000010

0.00000000005

Molal

01234567891011121314
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Step 1. Input a compound

1. Input a compound
2. Searching parameters
3. Review & submit

4. Results & download

1. Redo dlustering

Independent Tools

Conformational search

The user has two options to input the structure of the molecule,

a) Draw it with the plugin from PubChem. While drawing, the plugin will generate a SMILES code for your structure. Once finished, just paste the SMILES code to the
frame on the right. Remember to draw the point charge(s) explicitly, if your compound is cation/anion/zwitterion!)
b) Upload your own coordinates for the interested structure. Structures in xyz, pdb, sdf, and mol2 are supported.

NOTE: The SMILES code is a simplified version of chemical notation, and it does not handle proton well. If protons are important in your structure, you'd better upload
your own coordinates in xyz format.

Provide the SMILES of your molecule: c(c(=0){0-))is-]|

Aoy caloulation Drawitnow | OR  Upload coordinates
PK, calculation
Broadband SMILES C(C(-0)[0-1)S-]
Iog K calculation —
Toolkit Home New |udo | cn | sy [ el [ an |eb| O] 4 |4
— = | = ||| — [ >< |4~ | sia |0 [ 50
= |clo[O[OICCE = [e]°
~ | A o [co] o [0
H ? 3) He
Li [Be B|{C[N[O|F|Ne
Na [Mg Alsi|p|s|c|ar
K [Ca|Sc|sct |Ga|Ge Se | Br | Kr
Rb[sr|y In[sn|sb|Te| I [xe
Cs|(Ba|Lu T [Po [ Bi [Po|At[Rn
Export | MDLMolflle  $) Done
Hydrogen | Keep Asls 4 Help
Import | Choose File | No ile chosen
Next
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Step 2. Searching Parameters

1. Input a compound
2. Searching parameters

3. Review & submit

4. Results & download

1. Redo dlustering
Conformational search
BGqgy calculation

PK; calculation

log K calculation
‘Toolkit Home

‘Which conformational search method do you want to use?

« © Random sampling with MM optimization
« © Random sampling with QM optimization
« O MD simulation with replica exchange sampling

a) Random sampling This method wil first generate the configurations by randomly assigning the dinedral angles in the molecules, then optimize with a generalized force field, such as

‘with MM optimization UFF, GAFF, and MMFF.
b) Random sampling S {0 the Random sampling with MM optimization method. Instead of optimizing the molecules with forcefiel, tis method wil optimize them with semi-
with QM opti PlING - oy oirical quantum chemistry methods. This method provides better evaluation of molecules with heavy metals, but it's time consuming. We suggest to use the

'oN Random sampling with MM optimization method first.

) MD simulation with

Teplica exchange | 17is module allows the use to perform conformation search of small compounds in explicit water, implicit water and gas phase with replica exchange algorithm

implemented in NAMD2. Antechamber is used to parametrize molecules.

sampling
Next
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Step 2.1 Searching Parameters — Random sampling with MM optimization

1. Input a compound

Forcefield used for ization: [ UFF L2

2. Searching parameters

Total number of rotamers to generate: 1000
3. Review & submit Max minimization steps for each rotamer: 2500
4 Results & download eps value used by DBScan clustering: 001

JEEETETINNN  winimum number of samples allowed for a cluster: 2

1. Redo clustering
Conformational search Next
Gy calculation
PK, calculation
—| log K calculation
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