This document explains the meanings of parameters and describes the use of the Excel program IAST.xls, written by Mark M. Benjamin. Terms that refer to parameters in the spreadsheet are shown in red. This document and the program file will be updated as needed to correct errors or to add features. If you would like to be informed of such updates by email, please send a message to markbenj@u.washington.edu. Please also send an email if you believe you have found an error or if you have a suggestion for making the program more useful.

Spreadsheet Contents
The spreadsheet has 10 tabs or pages. The first page is where all the inputs are needed and the critical calculations are performed. The next two pages show isotherm plots for all the adsorbates, for equilibrium concentrations from zero to the total concentration input (i.e., from 100% adsorption to 0% adsorption). The plots are identical except for the units – one shows adsorption density in mg/g vs. dissolved concentration in mg/L, the other shows mol/m2 vs. mol/L. The next two pages show plots of * vs.  and * vs, c, again for the range from 0% to 100% of the adsorbates remaining in solution (100% to 0% adsorbed). The final five pages contain data for the isotherm and * calculations for the individual adsorbates.

Notes on Parameters
Surface area input. The program is set up to have the user input the specific surface area (SSA, m2/g) and the concentration of adsorbent (c_solid, g/L); it then calculates the concentration of surface area (c_area, m2/L). The only information that is actually needed to carry out the IAST calculations is c_area, SSA and the concentration of adsorbent are needed if one wishes to obtain or utilize adsorption densities on a mass basis (mg adsorbed per g of solid). If one only has information about c_area, any arbitrary values of SSA and c_solid that are consistent with c_area can be input. In that case, the results for adsorbate partitioning and surface pressure calculations will be correct, but the reported values for mass-based adsorption densities should be ignored.
Number of adsorbates and isotherm types. The program can carry out calculations for up to five adsorbates. The isotherm parameters for each adsorbate in a non-competitive system must be known in advance. Each adsorbate can be specified as obeying a Freundlich (Fr), Langmuir (Lng), or linear (Lin) isotherm.

Isotherm parameter inputs. A value for the adsorption affinity parameter K_mg must be input for each adsorbate. This value represents kFr, KLang, or KLin for Fr, Lng, or Lin isotherms, respectively. The required units for K_mg are such that, when it is inserted into the isotherm equation and the equilibrium concentration is in mg/L, the result is the adsorption density in mg/g. These units are:
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The program converts the K_mg values to K_mol (which yields adsorption density in mol/g when the equilibrium concentration is input in mol/L) and K_mol_m2 (which yields adsorption density in mol/m2 when the equilibrium concentration is input in mol/L).
For Langmuir isotherms, the maximum adsorption density (GamMax_mg) must be input in units of mg/g, and the program then converts that value to units of mol/g (GamMax_mol) and mol/m2 (GamMax_mol_m2).
The total adsorbate concentration (c_Tot_mg) must be input in units of mg/L, and the program then converts that value to units of mol/L (c_Tot_mol).
Notes on Calculations for Single-Solute Systems
Both to identify reasonable initial guesses for the conditions in the competitive system and to establish a baseline for comparison, it is useful to first calculate the extent of adsorption that would occur for each adsorbate, if it were present at the given total concentration in a single-adsorbate system. To do this, for each adsorbate, make an initial guess of its equilibrium dissolved concentration in a single-adsorbate system (cEQ_alone) and iterate either manually or using a root-seeking algorithm (e.g., Goal Seek® or Solver®) to cause the error in the mass balance on that species to be near zero. A value equal to 1000 times the fractional error in the mass balance (1000*MB_error_alone) is shown to facilitate the calculations.
Notes on Calculations for Competitive Adsorption
In the bottom block of the spreadsheet, calculations are carried out to determine the equilibrium condition a system with competitive adsorption. The user must carry out some iterations manually in this part of the spreadsheet to determine the equilibrium conditions.
Step 1: Guessing a value of tot. To carry out the calculations, one needs to first guess tot in the competitive system. This value is expected to be larger than tot in any of the single-adsorbate systems, but less than the sum of those tot values. A reasonable first guess for tot in the competitive system might be the average of the largest tot in a single-adsorbate systems and the sum of the tot values from all if those systems. This average is calculated and reported as 1st Guess Pi_tot. Copy this value to the cell immediately below it, labeled Next Guess Pi_tot.
Step 2: Guessing a value of ceq for one of the adsorbates. Next, one has to guess a value for the equilibrium dissolved concentration of one of the adsorbates. The adsorbate that generates the largest surface pressure in the single-adsorbate systems is likely to do so in the competitive system as well, and therefore it is likely to be least affected by the competitive interactions. Therefore, a reasonable choice is make the guess of ceq for that species, and to let the guess equal the ceq of that species in the non-competitive system. Type that value into the appropriate column in the row labeled Guessed value of one c.
Step 3: Improving on the guessed value of ceq for the selected adsorbate. Once a value of ceq is guessed for an adsorbate (call it ceq,guess,A), the program calculates a Factor equal to 
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, which is then used to compute values of ceq,guess (c_Guess) for all the other adsorbates. The corresponding values of adsorption density (Gam_for_guessed_c) are then computed from the mass balances, and the surface mole fraction of each species (Surf mole frac) is determined. Next, the value of c*z is computed for each adsorbate; this value appears in the row labeled Test c. For adsorbate A, this value should equal ceq,guess,A (i.e., Guessed value of one c). If it doesn’t, a new value of Guessed value of one c is chosen, and the process is repeated until the values converge. This should take just a few iterations.
Step 4: Improving on the guessed value of tot. Once the values of ceq,guess,A and cA*zA have converged, the partial surface pressure of each adsorbate is calculated (Partial Surf Pressure), and these values are summed to yield the total surface pressure (same row, to the right of the partial surface pressures). This value is compared with the guessed value of tot (in the Next Guess Pi_tot cell) and, assuming they are not equal, a new value is entered into that cell. One then returns to Step 3 and repeats Steps 3 and 4 until all the parameter values have converged. This also should require just a few iterations.
Summarizing the Output
The final block in the spreadsheet summarizes the results of the calculations, showing the equilibrium dissolved concentrations, adsorption densities, and partial surface pressures in the non-competitive and competitive systems. One interesting result is that, while competition should cause ceq to increase and eq to decrease for every adsorbate, the partial surface pressure of some adsorbates that obey Langmuir isotherms might increase even though their adsorption density decreases. This result occurs because the presence of the competing adsorbates on the surface and the corresponding increase in total surface pressure increases the activity coefficient by a larger factor than the decrease on adsorption density. Such a result does not occur for adsorbates that obey Freundlich or linear isotherms, since their activity coefficients do not depend on tot.
Example Calculation
For this example, a system containing three adsorbates is contacted with an adsorbent at 25oC. Some assumed characteristics of the adsorbent, adsorbates, and initial conditions are summarized below.
Adsorbent Specific Surface Area (SSA):
650 m2/g
Adsorbent Dose:
250 mg/L
Table 1. Parameter Values for Adsorbates in Example Problem
	
	Molecular Weight
	Initial (Total) Concentration
	Isotherm Type and Parameters

	Adsorbate 1
	119.5
	0.50 mg/L
	Freundlich, 
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	Adsorbate 2
	131.5
	0.25 mg/L
	Freundlich, 
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	Adsorbate 3
	252.7
	1.00 mg/L
	Langmuir, 
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When this information is inserted in the appropriate cells, the program carries out additional calculations as summarized below (values in green are User inputs). Columns are available for inputs of two additional adsorbates, but no entries are made into those columns.
Table 2. Input of Basic System Data for Example Problem
	Units
	Label or Description
	Value
	Value
	Value

	kJ/mol-K
	Ryd
	8.31E-03
	
	

	K
	Temp
	298
	
	

	m2/g
	SSA
	650
	
	

	g/L
	c_solid
	0.25
	
	

	m2/L
	c_area
	162.5
	
	

	
	
	
	
	

	
	
	Ads_1
	Ads_2
	Ads_3

	mg/mol
	MW*1000
	119500
	131500
	252700

	Isotherm Type
	Fr or Lng or Lin
	Fr
	Fr
	Lng

	
	K_mg
	7.27E+00
	3.20E+01
	1.98E+00

	
	K_mol
	4.19E-01
	6.20E-02
	5.00E+05

	
	K_mol_m2
	6.45E-04
	9.53E-05
	5.00E+05

	--
	n_Fr
	0.756
	0.470
	

	mg/g
	GamMax_mg
	
	
	2.50E+01

	mol/g
	GamMax_mol
	
	
	9.89E-05

	mol/m2
	GamMax_mol_m2
	
	
	1.52E-07

	mg/L
	cTot_mg
	0.500
	0.250
	1.000

	mol/L
	cTot_mol
	4.18E-06
	1.90E-06
	3.96E-06


The partitioning of the adsorbates in single-solute systems with the same initial conditions (except for the absence of the other adsorbates) is then determined. To do this, a guessed value of the dissolved concentration at equilibrium (in mol/L) is inserted in the row of cells labeled ‘cEQ_alone’, which causes the cells below it to be filled by the program. In the absence of other information, choosing a value close to one-half of the total concentration is reasonable. The row labeled ‘cTot_alone_est’ shows the calculated value of the total concentration of each adsorbate that would be present if the guess of ceq were correct. For each adsorbate, the user changes the value in the ‘cEQ_alone’ row until the value in the ‘cTot_alone_est’ row matches that in the ‘cTot_mole’ row. The rows in the spreadsheet for some initial guesses and for the final, correct values are shown in Tables 3 and 4, respectively. The values in bold red are the ones that are compared after each iteration.
Table 3. Input and Results for Initial Guesses of ceq in Single-Solute Systems
	mol/L
	cEQ_alone
	2.00E-06
	1.00E-06
	2.00E-06

	mol/g
	GamEQ_alone
	2.06E-05
	9.38E-05
	4.95E-05

	mol/m2
	GamEQ_al_m2
	3.17E-08
	1.44E-07
	7.61E-08

	kJ/m2 or kPa-m
	PiEQ_alone
	1.04E-07
	7.61E-07
	2.61E-07

	mol/L
	cTot_alone_est
	7.15E-06
	2.44E-05
	1.44E-05

	
	cTot_mol
	4.18E-06
	1.90E-06
	3.96E-06

	
	1000*MB_error_alone
	415.17
	922.23
	724.57

	--
	Act_coef_alone
	1.32
	2.13
	1.39

	mg/L
	cEQ_alone_mg
	2.39E-01
	1.32E-01
	5.05E-01

	mg/g
	GamEQ_alone_mg_g
	2.46E+00
	1.23E+01
	1.25E+01


Table 4. Input and Results for Final Guesses of ceq in Single-Solute Systems
	mol/L
	cEQ_alone
	1.04E-06
	4.76E-09
	3.43E-07

	mol/g
	GamEQ_alone
	1.26E-05
	7.60E-06
	1.45E-05

	mol/m2
	GamEQ_al_m2
	1.93E-08
	1.17E-08
	2.23E-08

	kJ/m2 or kPa-m
	PiEQ_alone
	6.34E-08
	6.16E-08
	5.97E-08

	mol/L
	cTot_alone_est
	4.18E-06
	1.90E-06
	3.96E-06

	
	cTot_mol
	4.18E-06
	1.90E-06
	3.96E-06

	
	1000*MB_error_alone
	0.04
	1.75
	1.78

	--
	Act_coef_alone
	1.32
	2.13
	1.08

	mg/L
	cEQ_alone_mg
	1.24E-01
	6.26E-04
	8.67E-02

	mg/g
	GamEQ_alone_mg_g
	1.50E+00
	9.99E-01
	3.66E+00


Based on the results for the equilibrium surface pressures in the single-solute systems, the program suggests an initial guess for tot in the mixed-adsorbate system; in this case, that estimate is 1.241x107 kPa‑m. That value is copied into the cell below it. A guess is also needed for ceq of one of the adsorbates. A reasonable approach is to guess that the adsorbate that generates the highest surface pressure in the single-adsorbate systems will be present in the mixed-adsorbate system at the same concentration as in the single-adsorbate system. In this example, the adsorbate with the largest  in the single-adsorbate systems (see the ‘PiEQ_alone’ row in Table 4) is Adsorbate 1, and its value of cEQ_alone is 1.04x106 mol/L. That value is inserted into the appropriate column of the row labeled ‘Guessed value of one c’. The rest of the cells in that area of the spreadsheet are then filled in automatically, and the user adjusts the entry in ‘Guessed value of one c’ until it matches the corresponding value in the row labeled ‘Test c’. At this point, all the values in the ‘Test c’ row should match those in the ‘c_Guess’ row. The results once the Guessed value of c for Adsorbate 1 matches the Test c value, for the recommended initial guess of Pi_tot, are shown in Table 5.
Table 5. Program Output After Convergence of c Values for Adsorbate 1, Using Initial Guess of tot
	kJ/m2 or kPa-m
	1st Guess Pi_tot
	1.241E-07
	
	
	
	

	kJ/m2 or kPa-m
	Next Guess Pi_tot
	1.241E-07
	
	
	
	

	mol/L
	c*
	2.53E-06
	2.11E-08
	7.79E-07
	
	

	mol/m2
	Gam*
	3.79E-08
	2.35E-08
	4.27E-08
	
	

	--
	Act_coef
	1.323
	2.128
	1.174
	
	

	mol/L
	Guessed value of one c
	9.355E-07
	
	
	
	

	
	Factor
	8.78E-06
	8.78E-06
	8.78E-06
	
	

	mol/L
	c_Guess
	9.355E-07
	4.563E-09
	3.226E-07
	
	

	mol/m2
	Gam_for_guessed_c
	2.00E-08
	1.17E-08
	2.24E-08
	
	

	--
	Surf mole frac
	0.370
	0.216
	0.414
	
	

	mol/L
	Test c
	9.354E-07
	4.563E-09
	3.226E-07
	
	1.921E-07

	kJ/m2 or kPa-m
	Partial Surf Pressure
	6.552E-08
	6.152E-08
	6.503E-08
	
	

	mg/L
	c_eq
	1.118E-01
	6.001E-04
	8.153E-02
	
	

	mg/g
	Gam_eq
	1.553E+00
	9.976E-01
	3.674E+00
	
	


Note that the values in the Test c row match those in the c_Guess row for all three adsorbates. However, the computed value of tot (in bold blue at the far right) does not match the Guessed value of tot (also shown in bold blue in the second row). Therefore, a new guess is made for tot, and the process is repeated. The spreadsheet output when the tot value has converged is shown in Table 6.
Table 6. Final Output for the Example Problem
	kJ/m2 or kPa-m
	1st Guess Pi_tot
	9.432E-07
	
	
	
	

	kJ/m2 or kPa-m
	Next Guess Pi_tot
	1.827E-07
	
	
	
	

	mol/L
	c*
	4.22E-06
	4.81E-08
	1.25E-06
	
	

	mol/m2
	Gam*
	5.57E-08
	3.47E-08
	5.84E-08
	
	

	--
	Act_coef
	1.323
	2.128
	1.262
	
	

	mol/L
	Guessed value of one c
	1.437E-06
	
	
	
	

	
	Factor
	8.06E-06
	8.06E-06
	8.06E-06
	
	

	mol/L
	c_Guess
	1.437E-06
	1.128E-08
	5.299E-07
	
	

	mol/m2
	Gam_for_guessed_c
	1.69E-08
	1.16E-08
	2.11E-08
	
	

	--
	Surf mole frac
	0.341
	0.234
	0.425
	
	

	mol/L
	Test c
	1.436E-06
	1.127E-08
	5.298E-07
	
	1.826E-07

	kJ/m2 or kPa-m
	Partial Surf Pressure
	5.540E-08
	6.131E-08
	6.593E-08
	
	

	mg/L
	c_eq
	1.717E-01
	1.483E-03
	1.339E-01
	
	

	mg/g
	Gam_eq
	1.313E+00
	9.941E-01
	3.464E+00
	
	


The Summary section of the spreadsheet compares the conditions in the mixed-adsorbate system with those in the single-adsorbate systems. For this example, competition increases the equilibrium dissolved concentrations of Adsorbates 1, 2, and 3, by approximately 38%, 137%, and 55%, respectively, and reduces the corresponding adsorption densities by 13%, 0.5%, and 5.4%, respectively.
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