The CHEMEQUI program

The CHEMEQUI program [1 - 3] realizes the method of non-linear least-squares for computations of equilibrium constants and related quantities from experimental results of UV/Vis, IR and NMR spectroscopy, calorimentry, potentiometry and conductometry. The equilibrium constants are calculated by best-fitting of the experimental data with an estimated chemical model of the equilibrium system.

CHEMEQUI uses three algorithms of minimization to solve non-linear least squares problems: Gauss–Newton with analytical presentation of derivatives [4, 5], Simplex [6] and Monte Carlo [7] allowing one to significantly improve the reliability of the stability constant calculations.

The program calculates an overall or cumulative constant. For example, the overall constant for the formation of ML2 is given by M + 2L = ML2 and 2 = [ML2]/([M][L]2), where [ML2], [M] and [L] are the concentrations of the chemical species in equilibrium.
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1. CHEMEQUI studies using UV-Vis Spectroscopy

In the multi-wavelength computations, the computer program CHEMEQUI, which is appropriated for the treatment of experimental data obtained via different physico-chemical methods was used to calculate the stability constants and the molar absorbance values from the spectrophotometric data. In the calculations, the vector  of the unknown stability constants and the matrix  of the molar absorbance were fitting parameters for the minimization of the squares of the residuals:




       n
((, ) = 
 (Aexp,,i - A,i)2 = minimum


(1)




  i=1
Where n is the number of experimental points and Aexp, and A are the experimental and calculated absorbance, respectively, for a given wavelength. The sets of data for the series of the wavelengths  were merged together and treated simultaneously to calculate the  and  values. In the program, the calculated absorbance A is given by the Beer’s equation: 



       s


A = A0 + l  j Cj 





(2)




     j=1
Here for a given wavelength , A0 is the background absorption or systematic error, l is the optical path length (here 1 cm), s is the number of species involved in equilibrium; j is the molar absorbance of the j-th species, and Cj is the equilibrium concentration of the j-th species. The concentrations Cj as a function of the formation constants are expressed in Brinkley’s form:33



  m

Cj = exp(lnj + jklnCk)





(3)




k=1
where j is the overall stability constant of the j-th product from m basic species (set of reagents) and jk is the stoichiometric coefficient for a given reaction. Concentrations satisfy the mass-balance equations: 

 s
kiCi = Cok 







(4)
i=1


k = 1, 2,…, m
where ki is the stoichiometric coefficient of the k–th basic species in the reaction in which the i-th species is formed. 

As criteria of reliability of the equilibrium model, the Hamilton’s R-factor 



    n


   n

HRF = 100 [ (Aexp,,i - A,i)2 /  (Aexp,,i)2]1/2


            i=1

          i=1
and residuals analysis (Aexp, - A) vs A are used.
2. Manipulations with CHEMEQUI
The executable file of the program is ChemEqui.exe. The Parameter Optimization calculations are launched using Start Optimization button (1) on the main panel (Figure 1). 
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Figure 1. The Main and Start panels of CHEMEQUI.
The Start Optimization button (1) (Figure 1) opens the Start Calculations panel (Figure 2). Select Fitting method (2) (Figure 2), Input file (3), Output file (4) and click the OK button (5) to launch calculations (Figure 2).
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Figure 2. The Main and Start Calculations panels of CHEMEQUI.
3. Preparation of the input data file for CHEMEQUI

All input/output files must be located in the main CHEMEQUI directory. The input file can be prepared with the internal text editor of CHEMEQUI (File ->New) or with an external text editor. Save the input file with the DAT extension: for instance, in the main menu of CHEMEQUI: File -> Save as... -> CALORIMETRY_titration.DAT.
Input files of different experimental methods (UV/Vis, IR and NMR spectroscopy, calorimentry, potentiometry and conductometry) are similar and have some differences concerning special parameters of a selected method. The input data can be presented as a titration experiment (titrant and analyte concetrations, initial analyte volume and added titrant volumes) or as a batch experiment (total concentrations of reagents and solution volumes). Please, use the mol/L unit for concentrations, the mL (cm3) unit for volumes, the cm unit for the optical path lengths, the kJ unit for the enthalpy and the J unit for heat. Any line of the input file can include a comment after two slashes: //. The input file can include blank lines for a readability of data. 

The CHEMEQUI directory includes the examples of the input data files. 
4. The examples of the input data files for CHEMEQUI

4.1. The input file for the UV/Vis batch experiment. The file name is UV-Vis_Batch.DAT
1                   // one experiment for calculations
UO2(2+) + NO3(-) = UO2(NO3)(+); abs (l= 438nm); one data block // COMMENTS

1,2                 // program parameters

2,3,1               // number of reagents, number of all species, 1 set of experimental data

32,0                // number of experimental points for data set, type of data: spectroscopy = 0
0.,1.0,1.0          // systematic error, constant =1.0, weight of the data for the data set

1,0         // reagent A (UO22+)

0,1         // reagent B (NO3-)

1,1         // product AB (UO2(NO3))

2           // number of input concentrations 

1,2         // numbers of species for input concentrations 
            // numbers 1 and 2: lines 1 and 2 in stoicheometric matrix, see above: A, B, AB 

1,1         // 1 for each reagent

// measured absorbance values:
0.072548236


0.077922715


0.089197429


0.085707557


0.095015359


0.10091284


0.107691476


0.106911498


0.110162643


0.114409079


0.104664837


0.115350767


0.124170529


0.136761196


0.141334243


0.164048083


0.157673377


0.158200084


0.17759802


0.187580687


0.188883622


0.201045897


0.215293649


0.219595349


0.223797593


0.224895519


0.235051694


0.231406494


0.233351356


0.209103348


0.221989309


0.218466382


// concetration for reagent A (UO22+):
0.00995586


0.00990682


0.00985826


0.00981017


0.00976255


0.00971538


0.00986793


0.00982072


0.00957659


0.00977395


0.00994602


0.00993619


0.01013095


0.01012096


0.01011099


0.01010103


0.0100911


0.01008119


0.0100713


0.01006142


0.00986534


0.01005157


0.0097981


0.00978857


0.00977906


0.00976956


0.00976009


0.00975063


0.01010042


0.00983641


0.00960127


0.00959199


// concetration for reagent B (NO3-):
0.00199708


0.00298086


0.00395499


0.00491963


0.00587489


0.00682093


0.00775787


0.00868585


0.00960499


0.00960499


0.01097306


0.01195878


0.01294255


0.01392439


0.01490429


0.01588226


0.01685831


0.01783244


0.01880466


0.01977497


0.01977497


0.02074338


0.02651425


0.02746951


0.02842292


0.02937447


0.03032418


0.03127205


0.03221808


0.02267453


0.03316228


0.03410466


0.41,0.,65.8  // molar absorbency for species A, B and AB

1,0,1         // fit(1) or not(0) molar absorbency for species A, B and AB

0.,0.,1.33    // initial (assumed) values of logBETA for equilibria:
              // A=A, B=B and A+B=AB

0,0,1         // fit(1) or not(0) logBETA for equilibrium
0             // fit(1) or not(0) systematic error 

0.12,1.E-20   // program parameters

// optical path lengths:

1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,

1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,

1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,

1.0,1.0,1.0

4.1. The input file for the UV/Vis titration experiment. The file name is UV-Vis_Titration.DAT

1            // one experiment for calculations
Reactions: M + L = ML and M +2l = ML2; UV-Vis Titration // comments

1,2          // program parameters
2,4,1        // number of reagents =2, number of all species =4, 1 set of experimental data
27,7         // number of experimental points = 27, UV/Vis titration: type of  data = 7
0.0,1.0,1.0  // systematic error, constant = 1.0, weight of the data for the data set
1,0          // stoichiometric coefficients for the formation of reagent M
0,1          // stoichiometric coefficients for the formation of Reagent L
1,1          // stoichiometric coefficients for the ML complex

2,1          // stoichiometric coefficients for the ML2 complex

2            // number of input experimental concentrations = 2

1,2          // the numbers of the reagents according stoichiometric matrix,
             // for these reagents, the concentrations are given below: lines AA and BB
1,1          // 1 for each reagent
// line AA
0.025,0.0025,10.0   // initial concentrations of M and L in analyte vessel and analyte volume
//line BB

0.025,0.0275        // initial concentrations  of M and L in titrant solution
// titrant volume for each addition:
1.25,1.25,1.25,1.25,1.25,1.25,1.25,1.25,1.25,1.25,
1.25,1.25,1.25,1.25,1.25,1.25,1.25,1.25,1.25,1.25,

1.25,1.25,1.25,1.25,1.25,1.25,1.25
// measured absorbance values:
0.411,0.556,0.655,0.721,0.763,0.790,0.807,0.817,0.824,0.829,

0.831,0.833,0.834,0.835,0.835,0.835,0.835,0.835,0.835,0.834,

0.834,0.834,0.834,0.834,0.833,0.833,0.833
0.,9.,24.,96.         // molar absorbency for species M, L, ML and ML2
0,1,1,1               // fit(1) or not(0) molar absorbency for species M, L, ML and ML2
0.,0.,3.2,5.5         // initial (assumed) values of logBETA for equilibria:
                      // M = M, L=L, M+L=ML, M+2L=ML2
0,0,1,1               // fit(1) or not(0) logBETA for equilibrium (see previous line)

0                     // fit (= 1) or not (= 0) systematic error

0.12,1.E-20           // program parameters
4.3. The input file for the NMR batch experiment. The file name is NMR_Batch.DAT

1        // one experiment for calculations
   NMR 39K(+); reaction: K + L = KL   // comments

1,2      // program parameters
2,3,1    // number of reagents =2, number of all species =3, 1 set of experimental data
14,-1    // number of experimental points = 14, NMR Batch: type of  data = -1
0.,1.,1. // systematic error, constant = 1.0, weight of the data for the data set
1,0      // stoichiometric coefficients for reagent K, 

         // it is important, that first reagent must contain measured nucleus!
0,1      // stoichiometric coefficients for reagent L
1,1      // stoichiometric coefficients for complex KL
2        // number of input experimental concentrations = 2
1,2      // the numbers of the reagents according stoichiometric matrix,
         // for these reagents, the concentrations are given below: lines AA and BB
1,1      // 1 for each reagent
// measured NMR signal for each mixture:
-15.26

-14.96

-14.67

-14.37

-14.08

-13.78

-13.49

-13.21

-12.99

-12.90

-12.90

-12.89

-12.89

-12.89

// line AA
// initial concentrations of first reagent K containing measured nucleus
0.025,0.025,0.025,0.025,0.025,0.025,0.025,0.025,0.025,0.025,
0.025,0.025,0.025,0.025
// line BB

// initial concentrations of second reagent L
0.005,0.0075,0.01,0.0125,0.015,0.0175,0.02,0.0225,0.025,0.0375,
0.04,0.045,0.048,0.050
-16.0,0.0,-13.0        // NMR shifts for species K, L and KL
1,0,1                  // fit(1) or not(0) NMR shifts for species K, L, KL
0.,0.,4.5              // initial (assumed) values of logBETA for equilibria:
                       // K = K, L=L, K+L=KL
0,0,1                  // fit(1) or not(0) logBETA for equilibrium (see previous line)
0                      // fit (= 1) or not (= 0) systematic error

0.12,1.E-20            // program parameters
4.4. The input file for the NMR titration experiment. The file name is NMR_Titration.DAT

1        // one experiment for calculations
   NMR 39K(+); reactions: K + L = KL and 2K + L = K2L   // comments

1,2      // program parameters
2,4,1    // number of reagents =2, number of all species =4, 1 set of experimental data
21,2     // number of experimental points = 14, NMR Titration: type of data = 2
0.,1.,1. // systematic error, constant = 1.0, weight of the data for the data set
1,0      // stoichiometric coefficients for reagent K, 

         // it is important, that first reagent must contain measured nucleus!
0,1      // stoichiometric coefficients for reagent L
1,1      // stoichiometric coefficients for complex KL

2,1      // stoichiometric coefficients for complex K2L
2        // number of input experimental concentrations = 2
1,2      // the numbers of the reagents according stoichiometric matrix,
         // for these reagents, the concentrations are given below: lines AA and BB
1,1      // 1 for each reagent
// line AA
0.025,0.0025,10.0   // initial concentrations of K and L in analyte vessel and analyte volume
//line BB

0.025,0.0275        // initial concentrations of K and L in titrant solution
// added titrant volume for each point (each addition):
1.25,1.25,1.25,1.25,1.25,1.25,1.25,1.25,1.25,1.25,
1.25,1.25,1.25,1.25,1.25,1.25,1.25,1.25,1.25,1.25,

1.25
// measured NMR shifts:
 -17.61

 -16.39

 -15.43

 -14.71

 -14.21

 -13.89

 -13.70

 -13.59

 -13.51

 -13.45

 -13.41

 -13.37

 -13.35

 -13.32

 -13.30

 -13.29

 -13.27

 -13.26

 -13.25

 -13.24

 -13.23

-20.6,0.0,-12.9,-26.8   // NMR shifts for species K, L, KL and K2L

1,0,1,1                 // fit(1) or not(0) NMR shifts for species K, L, KL, K2L
0.,0.,4.32,7.52         // initial (assumed) values of logBETA for equilibria:
                        // K = K, L=L, K+L=KL, and 2K+L=K2L
0,0,1,1                 // fit(1) or not(0) logBETA for equilibrium (see previous line)
0                       // fit (= 1) or not (= 0) systematic error
0.19,1.E-20             // recommended program parameters
4.5. The input file for the calorimetric batch experiment.
      The file name is CALORIMETRY_Batch.DAT

1                // first line as is

BATCH CALORIMETRY. Model A+B=AB.   // user comments

1,2              // program parameters
2,3,1            // number of reagents =2, number of all species =3, 1 set of experimental data
12,0             // number of exp. points = 12, type of data is batch calorimetry = 0
0.,1.0,1.0       // systematic error, constant = 1.0, weight of the data for the data set
1,0              // stoichiometric coefficients for the A reagent

0,1              // stoichiometric coefficients for the B reagent

1,1              // stoichiometric coefficients for the AB product

2                // number of input experimental concentrations = 2
1,2              // the numbers of the reagents according stoichiometric matrix,
                 // for these reagents, the concentrations are given below: lines AA and BB
1,1              // 1 for each reagent
                 // measured heats, Joule:
0.3627,0.4353,0.4931,0.6088,0.4093,0.5965,0.5230,0.6257, 

0.6099,0.7896,0.9202,0.7620
// line AA
// initial concentrations of first reagent A:
0.03262,0.04041,0.02175,0.02694,0.01779,0.01779,0.03728,0.04618,
0.03228,0.02054,0.03013,0.02260
// line BB

// initial concentrations of second reagent B:
0.02007,0.02007,0.02675,0.02675,0.02919,0.05372,0.03166,0.03166,
0.04810,0.06121,0.05050,0.05892
0.0,0.0,15.0     // supposed enthalpy values (kJ) for the species
1,0,1            // fit(1) or not(0) enthalpies for species A, B, AB
0.,0.,1.2        // initial (assumed) values of logBETA for equilibria:
                 // A = A, B = B, A + B = AB
0,0,1            // fit(1) or not(0) logBETA for equilibrium (see previous line)
0                // fit (= 1) or not (= 0) systematic error

0.12,1.E-20      // program parameters
// total volumes, mL:
4.0,4.0,6.0,6.0,5.5,5.5,3.5,3.5,3.5,5.5,5.0,5.0
4.6. The input file for the calorimetric titration experiment.
      The file name is CALORIMETRY_Titration.DAT

1                // first line as is

TITRATION CALORIMETRY: M + L in solution. MODEL: M+L=ML, 2M+L=M2L, 3M+L=M3L   // user comments

1,2              // program parameters
2,5,1            // number of reagents =2, number of all species =5, 1 set of experimental data
26,5             // number of exp. points = 26, type of data is titration calorimetry = 5
0.,1.0,1.0       // systematic error, constant = 1.0, weight of the data for the data set
1,0              // stoichiometric coefficients for the M reagent

0,1              // stoichiometric coefficients for the L reagent

1,1              // stoichiometric coefficients for the ML product
2,1              // stoichiometric coefficients for the M2L product

3,1              // stoichiometric coefficients for the M3L product

2                // number of input experimental concentrations = 2
1,2              // the numbers of the reagents according stoichiometric matrix,
                 // for these reagents, the concentrations are given below: lines AA and BB
1,1              // 1 for each reagent
// line AA
0.015948,0.0,2.0 // initial concentrations of M and L in analyte vessel, and analyte volume
// line BB

0.0,0.19745      // initial concentrations of M and L in titrant solution
// added titrant volume (mL) for each point (each addition):
0.010596,0.010596,0.010596,0.010596,0.010596,0.010596,0.010596,0.010596,

0.010596,0.010596,0.010596,0.010596,0.010596,0.010596,0.010596,0.010596,

0.010596,0.010596,0.010596,0.010596,0.010596,0.010596,0.010596,0.010596,

0.010596,0.010596
// measured heats, Joule:
0.05793,0.05709,0.05397,0.05155,0.04810,0.04530,0.04222,0.03956,

0.03714,0.03540,0.03242,0.02979,0.02709,0.02410,0.02196,0.01896,

0.01498,0.01180,0.00868,0.00662,0.00569,0.00467,0.00405,0.00371,

0.00329,0.00316,

1,1   // initial numbers of reagents and all species in the analyte solution

      // before first added titrant volume and according stoichiometric matrix
.0,0.0,17.1,20.0,28.4    // supposed enthalpy values (kJ) for the species
0,0,1,1,1                // fit(1) or not(0) enthalpies for species A, B, AB
0.0,0.0,3.31,5.33,6.92   // initial (assumed) values of logBETA for equilibria:
                         // M = M, L = L, M + L = ML, 2M + L = M2L, 3M + L = M3L
0,0,1,1,1                // fit(1) or not(0) logBETA for equilibrium (see previous line)
0                        // fit (= 1) or not (= 0) systematic error

0.12,1.E-20              // program parameters
4.7. The input file for the potentiometric titration experiment. The pM (mV) measurements

      The file name is POTENTIOMETRY_Titration_mV.DAT

1                // first line as is

Potentiometric TITRATION of AgNO3 (M) + diaza-21-crown-7 (L) in MeOH; Ag(+) Electrode; I = 0.05 M
1,2              // program parameters
2,3,1            // number of reagents =2, number of all species =3, 1 set of experimental data
21,8             // number of exp. points = 21, 
                 // type of data is titration potentiometry, the pM measurements (mV) = 8
128.7,1.0,1.0    // systematic error E0 =128.7; it is the interception of E = E0 + s log[M]
                 // constant = 1.0, weight of the data for the data set
1,0              // stoichiometric coefficients for the M reagent

0,1              // stoichiometric coefficients for the L reagent

1,1              // stoichiometric coefficients for the ML product
2                // number of input experimental concentrations = 2
1,2              // the numbers of the reagents according stoichiometric matrix,
                 // for these reagents, the concentrations are given below: lines AA and BB
1,1              // 1 for each reagent
// line AA
0.001208,0.0,10. // initial concentrations of M and L in analyte vessel, and analyte volume (mL)

// line BB

0.0,0.010411     // initial concentrations of M and L in titrant solution
// added titrant volume (mL) for each point (each addition):
0.1059,0.1059,0.1059,0.1059,0.1059,0.1059,0.1059,0.1059,0.1059,0.1059,

0.6354,0.1059,0.1059,0.1059,0.1059,

0.1059,0.1059,0.1059,0.1059,0.1059,0.1059

// measured property in millivolts (mV):
-55.0,-58.0,-61.0,-64.5,-68.5,-73.0,-78.0,-84.3,-92.0,-102.8,

-377.0,-393.0,-404.0,-412.0,-419.0,

-424.0,-428.0,-432.0,-436.0,-439.0,-442.0

60.8,0.,0.             // slopes; slope (s) for eq.: E = E0 + s log[M]
1,0,0                  // fit(1) or not(0) slopes
0.,0.,9.1              // initial (assumed) values of logBETA for equilibria
0,0,1                  // fit(1) or not(0) logBETA for equilibrium (see previous line)
1                      // fit (= 1) or not (= 0) systematic error (E0)
0.12,1.E-20            // program parameters
4.8. The input file for the potentiometric titration experiment. The pH measurements
      The file name is POTENTIOMETRY_Titration.DAT

1                // first line as is

Potentiometric TITRATION of the H2L acid by KOH in H20; Glass Electrode; I = 0.20 M (KCl); 25 C
1,2              // program parameters
2,5,1            // number of reagents =2, number of all species =6, 1 set of experimental data
42,1             // number of exp. points = 42, type of data is titration potentiometry = 1
0.,1.0,1.0       // systematic error, constant = 1.0, weight of the data for the data set
1,0              // stoichiometric coefficients for the L(2-) reagent

0,1              // stoichiometric coefficients for the H(+) reagent

1,1              // stoichiometric coefficients for the HL(-) product
1,2              // stoichiometric coefficients for the H2L product

0,-1             // stoichiometric coefficients for OH(-) of Kw = [H+]{OH-]
2                // number of input experimental concentrations = 2
4,5              // the numbers of the reagents according stoichiometric matrix,
                 // for these reagents, the concentrations are given below: lines AA and BB
1,1              // 1 for each reagent
// line AA
0.0050,0.0,10.0  // initial concentrations of H2L and KOH in analyte vessel, and analyte volume
// line BB

0.0,0.47210      // initial concentrations of H2L and KOH in titrant solution
// added titrant volume (mL) for each point (each addition):
0.010596,0.010596,0.010596,0.010596,0.010596,0.010596,0.010596,0.010596,

0.010596,0.010596,0.010596,0.010596,0.010596,0.010596,0.010596,0.010596,

0.010596,0.010596,0.010596,0.010596,0.010596,0.010596,0.010596,0.010596,

0.010596,0.010596,0.010596,0.010596,0.010596,0.010596,0.010596,0.010596,

0.010596,0.010596,0.010596,0.010596,0.010596,0.010596,0.010596,0.010596,

0.010596,0.010596
// measured pH:
3.70,3.84,3.98,4.12,4.26,4.40,4.56,4.72,

4.93,5.21,5.76,8.46,9.04,9.32,9.52,9.69,

9.84,9.98,10.13,10.28,10.44,10.62,10.81,11.00,

11.17,11.31,11.42,11.52,11.57,11.65,11.71,11.76,

11.81,11.85,11.90,11.94,11.96,12.00,12.03,12.05,

12.08,12.10
0.,1.,0.,0.,0.         // slopes; slope (a) for eq.: pH = -a*log[H+] + b
0,0,0,0,0              // fit(1) or not(0) slopes
0.,0.,9.97,14.5,-14.0  // initial (assumed) values of logBETA for equilibria
0,0,1,1,0

0                      // fit (= 1) or not (= 0) systematic error

0.12,1.E-20            // program parameters
1.0                    // constant for potentiometric pH TITRATION
5. The output files of CHEMEQUI

For the titration input data, the program creates the 1 textual and 3 graphical files: textual file (1), titration curve (2), the basic component percentage (3) and graphical presentation of residuals (4). For the batch input data, the program creates two files: textual file (1) and graphical analysis of residuals (4).
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Figure 3. The output files of CHEMEQUI: textual file (1), titration curve (2), the basic component percentage (3) and graphical presentation of residuals (4).

The textual file (1) (Figure 3) contains information concerning the input data, the fitting procedure and the equilibrium model. CHEMEQUI fits stability constants and related parameters of used physicochemical method and calculates Hamilton's R-Factor of and matrix of pair correlations (covariation matrix) for the fitted constants and parameters. For the best-fitted experimental data with a chemical model of the equilibrium system, the value of Hamilton's R-Factor is similar to the error of used experimental method. If a value of pair correlations (correlation coefficients between fitted parameters) exceeds 0.98 ... 0.99, the experimental data and/or model are not satisfactory. For actual model of the equilibrium, all three algorithms of minimization (Gradient, Simplex and Monte Carlo) calculate very similar fitted values. The additive values (AV in the textual file (1) Figure 3) are molar absorbencies (UV/Vis, IR spectroscopy), NMR chemical shifts (NMR spectroscopy), enthalpies (calorimentry), slopes in the Nernst equation (potentiometry) and molar conductances (conductometry). For AV(i, j), the i index means the number of equilibrium (reaction) in stoichiometric matrix and the j index means the number of an experimental set.
The graphical window 4 (Figure 3) represents an analysis of residuals: the plot of (Yexp - Ycalc) vs. Ycalc values for each experimental data point, where Yexp is measured property. The red line corresponds to zero deviation. Thus, a user can easily select compounds for which the deviation is large. Selecting of any point with a mouse, user can examine the internal number of this point, calculated property and the (Yexp - Ycalc) value.
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