## Cabecalho do programa:

intro = """

    ------------------------------------------------------------------

                              >>> pyH <<<

             Programa para calculos de equilibrio acido-base

                   Desenvolvido por Kalil Bernardino

                  Disponivel em kalilbn.wordpress.com

    ------------------------------------------------------------------

Criado em: 02/06/2011

"""

sep = """

-----------------------------------------------------

"""

linha = """

"""

print intro

## Importando bibliotecas a serem utilizadas: 

import math

import scipy

## Produto ionico da agua:

kw = 10**-14

menu = """Selecione uma opcao e tecle ENTER:

1-) Calcular pH e concentracoes de equilibrio de uma solucao contendo acidos e/ou bases

2-) Plotar curvas de titulacao

"""

print menu

opcao = int(raw_input('>>> '))

if opcao == 1:

        menu1 = """Selecione o tipo de solucao:

1-) Acido monoprotico, HA

2-) Base monoprotica, B

3-) Mistura de acidos monoproticos, HX + HY

4-) Mistura acido monotico + base monoprotica, HA + B

5-) Mistura de dois acidos + base monoprotica, HX + HY + B

"""

        print menu1

        opcao1 = int(raw_input('>>> '))

        print ' '

        if opcao1 == 1:

           pKa = float(raw_input('Entre com o pKa do acido HA: '))

           ca = float(raw_input('Entre com a concentracao do acido HA em mol/L: '))

           ka = 10**(-pKa)

           print 'Ka = ',ka

           ### Calculo dos coeficientes do polinomio em [H+]

           a = 1

           b = ka

           c = - (ca*ka + kw)

           d = - kw*ka

           coeficientes = [a, b, c, d]

           pc = scipy.poly1d(coeficientes)

           print ' '

           print 'Polinomio a ser resolvido, sendo [H+] = x:'

           print ' '

           print pc

           print ' '

           ### Calculo das raizes do polinomio:

           r = pc.roots 

           raizes = tuple(r)

           ### Calculo das concentracoes e verificacao de qual raiz fornece apenas resultados reais e positivos:

           m = 0

           while m < 3:

               if raizes[m] == float(raizes[m]) :

                  H = raizes[m]

                  OH = kw/H

                  A = H - OH

                  HA = ca - A

                  if H > 0 and A > 0 and HA > 0:

                     ### Imprimir as concentracoes e calcular o pH e o grau de ionizacao:

                     print '[H+] = ', H, 'mol/L'

                     print '[OH-] = ', OH, 'mol/L'

                     print '[A-] = ', A, 'mol/L'

                     print '[HA] = ', HA, 'mol/L'

                     print ' '

                     pH = -math.log10(H)

                     print 'pH = ',pH

                     alfa = 100*A/ca

                     print 'Grau de ionizacao: ',alfa,'%'

               m = m + 1

        if opcao1 == 2:

           pKb = float(raw_input('Entre com o pKb da base B: '))

           cb = float(raw_input('Entre com a concentracao da base B em mol/L: '))

           kb = 10**(-pKb)

           print 'Kb = ',kb

           ### Calculo dos coeficientes do polinomio em [OH-]

           a = 1

           b = kb

           c = - (cb*kb + kw)

           d = - kw*kb

           coeficientes = [a, b, c, d]

           pc = scipy.poly1d(coeficientes)

           print ' '

           print 'Polinomio a ser resolvido, sendo [OH-] = x:'

           print ' '

           print pc

           print ' '

           ### Calculo das raizes do polinomio:

           r = pc.roots 

           raizes = tuple(r)

           ### Calculo das concentracoes e verificacao de qual raiz fornece apenas resultados reais e positivos:

           m = 0

           while m < 3:

               if raizes[m] == float(raizes[m]) :

                  OH = raizes[m]

                  H = kw/OH

                  BH = OH - H

                  B = cb - BH

                  if H > 0 and B > 0 and BH > 0:

                     ### Imprimir as concentracoes e calcular o pH e o grau de ionizacao:

                     print '[H+] = ', H, 'mol/L'

                     print '[OH-] = ', OH, 'mol/L'

                     print '[BH+] = ', BH, 'mol/L'

                     print '[B] = ', B, 'mol/L'

                     print ' '

                     pH = -math.log10(H)

                     print 'pH = ',pH

                     alfa = 100*BH/cb

                     print 'Grau de ionizacao: ',alfa,'%'

               m = m + 1

        if opcao1 == 3:

           pKx = float(raw_input('Entre com o pKa do acido HX: '))

           pKy = float(raw_input('Entre com o pKa do acido HY: '))

           cx = float(raw_input('Entre com a concentracao do acido HX em mol/L: '))

           cy = float(raw_input('Entre com a concentracao do acido HY em mol/L: '))

           kx = 10**(-pKx)

           ky = 10**(-pKy)

           print 'Ka(HX) = ',kx,' ; Ka(HY) = ',ky

           ### Calculo dos coeficientes do polinomio em [H+]

           a = 1

           b = ky + kx

           c = -(ky*cy + kw + kx*cx + kx*ky)

           d = -ky*(kw + kx*cx) - kx*(kw + ky*cy)

           e = -kx*ky*kw

           coeficientes = [a, b, c, d, e]

           pc = scipy.poly1d(coeficientes)

           print ' '

           print 'Polinomio a ser resolvido, sendo [H+] = x:'

           print ' '

           print pc

           print ' '

           ### Calculo das raizes do polinomio:

           r = pc.roots 

           raizes = tuple(r)

           ### Calculo das concentracoes e verificacao de qual raiz fornece apenas resultados reais e positivos:

           m = 0

           while m < 4:

               if raizes[m] == float(raizes[m]) :

                  H = raizes[m]

                  OH = kw/H

                  X = kx*cx/(H+kx)

                  HX = cx - X

                  Y = ky*cy/(H+ky)

                  HY = cy - Y

                  if H > 0 and HX > 0 and HY > 0 and Y > 0 and X > 0:

                     ### Imprimir as concentracoes e calcular o pH e o grau de ionizacao:

                     print 'Concentracoes de equilibrio: '

                     print '[H+] = ', H, 'mol/L'

                     print '[OH-] = ', OH, 'mol/L'

                     print '[X-] = ', X, 'mol/L'

                     print '[Y-] = ', Y, 'mol/L'

                     print '[HX] = ', HX, 'mol/L'

                     print '[HY] = ', HY, 'mol/L'

                     print ' '

                     pH = -math.log10(H)

                     print 'pH = ',pH

                     alfaX = 100*(X)/cx

                     alfaY = 100*(Y)/cy

                     print 'Grau de ionizacao HX: ',alfaX,'%'

                     print 'Grau de ionizacao HY: ',alfaY,'%'

               m = m + 1

        if opcao1 == 4:

           pKa = float(raw_input('Entre com o pKa do acido HA: '))

           pKb = float(raw_input('Entre com o pKb da base B: '))

           ca = float(raw_input('Entre com a concentracao do acido HA em mol/L: '))

           cb = float(raw_input('Entre com a concentracao da base B em mol/L: '))

           ka = 10**(-pKa)

           kb = 10**(-pKb)

           print 'Ka(HA) = ',ka,' ; Kb(B) = ',kb

           ### Calculo dos coeficientes do polinomio em [H+]

           a = kb

           b = kw + kb*(cb + ka)

           c = ka*kw + kb*(ka*cb - kw - ka*ca)

           d = - kw*kw - ka*kw*(ca + kb)

           e = - ka*kw*kw

           coeficientes = [a, b, c, d, e]

           pc = scipy.poly1d(coeficientes)

           print ' '

           print 'Polinomio a ser resolvido, sendo [H+] = x:'

           print ' '

           print pc

           print ' '

           ### Calculo das raizes do polinomio:

           r = pc.roots 

           raizes = tuple(r)

           ### Calculo das concentracoes e verificacao de qual raiz fornece apenas resultados reais e positivos:

           m = 0

           while m < 4:

               if raizes[m] == float(raizes[m]) :

                  H = raizes[m]

                  OH = kw/H

                  A = ka*ca/(H + ka)

                  HA = ca - A

                  BH = A + OH - H

                  B = cb - BH

                  if H > 0 and A > 0 and HA > 0 and B > 0 and BH > 0:

                     ### Imprimir as concentracoes e calcular o pH e o grau de ionizacao:

                     print 'Concentracoes de equilibrio: '

                     print '[H+]  = ', H, 'mol/L'

                     print '[OH-] = ', OH, 'mol/L'

                     print '[A-]  = ', A, 'mol/L'

                     print '[HA]  = ', HA, 'mol/L'

                     print '[BH+] = ', BH, 'mol/L'

                     print '[B]   = ', B, 'mol/L'

                     print ' '

                     pH = -math.log10(H)

                     print 'pH = ',pH

                     alfaac = 100*A/ca

                     alfaba = 100*BH/cb

                     print 'Grau de ionizacao HA: ',alfaac,'%'

                     print 'Grau de ionizacao B: ',alfaba,'%'

               m = m + 1

        if opcao1 == 5:

           pKx = float(raw_input('Entre com o pKa do acido HX: '))

           pKy = float(raw_input('Entre com o pKa do acido HY: '))

           pKb = float(raw_input('Entre com o pKb da base B: '))

           cx = float(raw_input('Entre com a concentracao do acido HX em mol/L: '))

           cy = float(raw_input('Entre com a concentracao do acido HY em mol/L: '))

           cb = float(raw_input('Entre com a concentracao da base B em mol/L: '))

           kx = 10**(-pKx)

           ky = 10**(-pKy)

           kb = 10**(-pKb)

           print 'Ka(HX) = ',kx,' ; Ka(HY) = ',ky,' ; Kb(B) = ',kb

           ### Calculo dos coeficientes do polinomio em [H+]

           a = kb

           b = kw + kb*(cb + kx + ky)

           c = ky*(kw + kb*cb - cy*kb) - kb*kw + kx*(kw + kb*cb - cx*kb + kb*ky)

           d = -kw*(ky*cy + kw + kb*ky + kx*cx + kb*kx) + cb*kx*ky*kb - cy*kx*ky*kb - cx*kx*ky*kb

           e = -kw*(ky*kw + kx*kw + kx*ky*cx + kx*ky*cy + kx*ky*kb)

           f = -kx*ky*kw*kw

           coeficientes = [a, b, c, d, e, f]

           pc = scipy.poly1d(coeficientes)

           print ' '

           print 'Polinomio a ser resolvido, sendo [H+] = x:'

           print ' '

           print pc

           print ' '

           ### Calculo das raizes do polinomio:

           r = pc.roots 

           raizes = tuple(r)

           ### Calculo das concentracoes e verificacao de qual raiz fornece apenas resultados reais e positivos:

           m = 0

           while m < 5:

               if raizes[m] == float(raizes[m]) :

                  H = float(raizes[m])

                  OH = kw/H

                  BH = kb*cb/(OH + kb)

                  X = kx*cx/(H + kx)

                  Y = ky*cy/(H + ky)

                  B = cb - BH

                  HX = cx - X

                  HY = cy - Y

                  if H > 0 and X > 0 and Y > 0 and B > 0 and BH > 0 and HX > 0 and HY >0:

                     ### Imprimir as concentracoes e calcular o pH e o grau de ionizacao:

                     print 'Concentracoes de equilibrio: '

                     print '[H+]  = ', H, 'mol/L'

                     print '[OH-] = ', OH, 'mol/L'

                     print '[X-]  = ', X, 'mol/L'

                     print '[HX]  = ', HX, 'mol/L'

                     print '[Y-]  = ', Y, 'mol/L'

                     print '[HY]  = ', HY, 'mol/L'

                     print '[BH+] = ', BH, 'mol/L'

                     print '[B]   = ', B, 'mol/L'

                     print ' '

                     pH = -math.log10(H)

                     print 'pH = ',pH

                     alfax = 100*X/cx

                     alfay = 100*Y/cy

                     alfaba = 100*BH/cb

                     print 'Grau de ionizacao HX: ',alfax,'%'

                     print 'Grau de ionizacao HY: ',alfay,'%'

                     print 'Grau de ionizacao B: ',alfaba,'%'

               m = m + 1

### Curvas de titulacao:

if opcao == 2:

        cabecalhopH = """

 @    title "pH durante a titulacao"

 @    xaxis  label "Volume da base (mL)"

 @    yaxis  label "pH"

 @    subtitle "Grafico gerado pelo programa pyH, disponivel em kalilbn.wordpress.com"

 """

        cabecalhodpH = """

 @    title "derivada do pH durante a titulacao"

 @    xaxis  label "Volume da base (mL)"

 @    yaxis  label "d(pH)/dV"

 @    subtitle "Grafico gerado pelo programa pyH, disponivel em kalilbn.wordpress.com"

 """

        cabecalhoconc = """

 @    title "concentracoes durante a titulacao"

 @    xaxis  label "Volume da base (mL)"

 @    yaxis  label "C (mol/L)"

 @    subtitle "Grafico gerado pelo programa pyH, disponivel em kalilbn.wordpress.com"

 """

        cabecalhon = """

 @    title "numero de mols durante a titulacao"

 @    xaxis  label "Volume da base (mL)"

 @    yaxis  label "n (mols)"

 @    subtitle "Grafico gerado pelo programa pyH, disponivel em kalilbn.wordpress.com"

 """

        cabecalhoalfa = """

 @    title "Grau de ionizacao durante a titulacao"

 @    xaxis  label "Volume da base (mL)"

 @    yaxis  label "alfa"

 @    subtitle "Grafico gerado pelo programa pyH, disponivel em kalilbn.wordpress.com"

 """

        menu2 = """Selecione o tipo de titulacao:

1-) Acido monoprotico, HA, usando base B

2-) Mistura de acidos monoproticos, HX + HY, usando base B

"""

        print menu2

        opcao2 = int(raw_input('>>> '))

        print ' '

        if opcao2 == 1:

           pka = float(raw_input('Entre com o pKa do acido: '))

           ca0 = float(raw_input('Entre com a concentracao do acido em mol/L: '))

           Va = float(raw_input('Volume da solucao a ser titulada em mL: '))

           print ' '

           pkb = float(raw_input('Entre com o pKb da base titulante: '))

           cb0 = float(raw_input('Entre com a concentracao da base titulante em mol/L: '))

           Vbmax = float(raw_input('Volume maximo de solucao basica utilizada em mL: '))

           ka = 10**(-pka)

           kb = 10**(-pkb)

           print 'Ka(HA) = ',ka,' ; Kb(B) = ',kb

           dVb = Vbmax/10000

           print 'dV(base) = ', dVb, 'mL'

           Vb = 0

           V = Va

           ca = ca0

           cb = cb0

           ### Arquivos de output:

           titpH = file('titulacaoHA_pH.xvg', 'w')

           titconc = file('titulacaoHA_conc.xvg', 'w')

           titn = file('titulacaoHA_n.xvg', 'w')

           titalfa = file('titulacaoHA_alfa.xvg', 'w')

           titder = file('titulacaoHA_dpH.xvg', 'w')

           legendas = """@    s0 legend  "H+"

@    s1 legend  "OH-"

@    s2 legend  "HA"

@    s3 legend  "A-"

@    s4 legend  "B"

@    s5 legend  "BH+" 

"""

           ### Calculo das concentracoes e pH iniciais:

           a = 1

           b = ka

           c = - (ca*ka + kw)

           d = - kw*ka

           coeficientes = [a, b, c, d]

           pc = scipy.poly1d(coeficientes)

           ### Calculo das raizes do polinomio:

           r = pc.roots 

           raizes = tuple(r)

           ### Calculo das concentracoes e verificacao de qual raiz fornece apenas resultados reais e positivos:

           m = 0

           while m < 3:

               if raizes[m] == float(raizes[m]) :

                  H = raizes[m]

                  OH = kw/H

                  A = H - OH

                  HA = ca - A

                  BH = 0

                  B = 0

                  if H > 0 and A > 0 and HA > 0:

                     ### Imprimir as concentracoes e calcular o pH e o grau de ionizacao:

                     pH = -math.log10(H)

                     print ' '

                     print 'pH inicial: ',pH

                     print ' '

                     nH = H*V/1000

                     nOH = OH*V/1000

                     nA = A*V/1000

                     nHA = HA*V/1000

                     nB = 0

                     nBH = 0

                     alfa = A/ca

                     titpH.write(cabecalhopH)

                     titpH.write(str(Vb))

                     titpH.write('   ')

                     titpH.write(str(pH))

                     titpH.write(linha)

                     titalfa.write(cabecalhoalfa)

                     titalfa.write(str(Vb))

                     titalfa.write('   ')

                     titalfa.write(str(alfa))

                     titalfa.write(linha)

                     titconc.write(cabecalhoconc)

                     titconc.write(legendas)

                     titconc.write(str(Vb))

                     titconc.write('   ')

                     titconc.write(str(H))

                     titconc.write('   ')

                     titconc.write(str(OH))

                     titconc.write('   ')

                     titconc.write(str(HA))

                     titconc.write('   ')

                     titconc.write(str(A))

                     titconc.write('   ')

                     titconc.write(str(B))

                     titconc.write('   ')

                     titconc.write(str(BH))

                     titconc.write(linha)

                     titn.write(cabecalhon)

                     titn.write(legendas)

                     titn.write(str(Vb))

                     titn.write('   ')

                     titn.write(str(nH))

                     titn.write('   ')

                     titn.write(str(nOH))

                     titn.write('   ')

                     titn.write(str(nHA))

                     titn.write('   ')

                     titn.write(str(nA))

                     titn.write('   ')

                     titn.write(str(nB))

                     titn.write('   ')

                     titn.write(str(nBH))

                     titn.write(linha)

                     titder.write(cabecalhodpH)

               m = m + 1

           Vb = dVb

           while Vb <= Vbmax:

                V = Va + Vb

                ca = ca0*Va/V

                cb = cb0*Vb/V

                a = kb

                b = kw + kb*(cb + ka)

                c = ka*kw + kb*(ka*cb - kw - ka*ca)

                d = - kw*kw - ka*kw*(ca + kb)

                e = - ka*kw*kw

                coeficientes = [a, b, c, d, e]

                pc = scipy.poly1d(coeficientes)

                ### Calculo das raizes do polinomio:

                r = pc.roots 

                raizes = tuple(r)

                ### Calculo das concentracoes e verificacao de qual raiz fornece apenas resultados reais e positivos:

                m = 0

                while m < 4:

                      if raizes[m] == float(raizes[m]) :

                         H = raizes[m]

                         OH = kw/H

                         A = ka*ca/(H + ka)

                         HA = ca - A

                         BH = A + OH - H

                         B = cb - BH

                         if H > 0 and A > 0 and HA > 0 and B > 0 and BH > 0:

                            ### Gravar as concentracoes, numero de mols, graus de ionizacao, pH e derivada

                            pHnew = -math.log10(H)

                            dpH = (pHnew-pH) / dVb

                            nH = H*V/1000

                            nOH = OH*V/1000

                            nA = A*V/1000

                            nHA = HA*V/1000

                            nB = B*V/1000

                            nBH = BH*V/1000

                            alfa = A/ca

                            titpH.write(str(Vb))

                            titpH.write('   ')

                            titpH.write(str(pHnew))

                            titpH.write(linha)

                            titder.write(str(Vb))

                            titder.write('   ')

                            titder.write(str(dpH))

                            titder.write(linha)

                            titalfa.write(str(Vb))

                            titalfa.write('   ')

                            titalfa.write(str(alfa))

                            titalfa.write(linha)

                            titconc.write(str(Vb))

                            titconc.write('   ')

                            titconc.write(str(H))

                            titconc.write('   ')

                            titconc.write(str(OH))

                            titconc.write('   ')

                            titconc.write(str(HA))

                            titconc.write('   ')

                            titconc.write(str(A))

                            titconc.write('   ')

                            titconc.write(str(B))

                            titconc.write('   ')

                            titconc.write(str(BH))

                            titconc.write(linha)

                            titn.write(str(Vb))

                            titn.write('   ')

                            titn.write(str(nH))

                            titn.write('   ')

                            titn.write(str(nOH))

                            titn.write('   ')

                            titn.write(str(nHA))

                            titn.write('   ')

                            titn.write(str(nA))

                            titn.write('   ')

                            titn.write(str(nB))

                            titn.write('   ')

                            titn.write(str(nBH))

                            titn.write(linha)

                            print Vb , ',', pHnew

                      m = m + 1

                Vb = Vb + dVb

                pH = pHnew

           titpH.close()

           titder.close()

           titalfa.close()

           titconc.close()

           titn.close()

        if opcao2 == 2:

           pkx = float(raw_input('Entre com o pKa do acido HX: '))

           cx0 = float(raw_input('Entre com a concentracao do acido HX em mol/L: '))

           pky = float(raw_input('Entre com o pKa do acido HY: '))

           cy0 = float(raw_input('Entre com a concentracao do acido HY em mol/L: '))

           Va = float(raw_input('Volume da solucao a ser titulada em mL: '))

           print ' '

           pkb = float(raw_input('Entre com o pKb da base titulante: '))

           cb0 = float(raw_input('Entre com a concentracao da base titulante em mol/L: '))

           Vbmax = float(raw_input('Volume maximo de solucao basica utilizada em mL: '))

           kx = 10**(-pkx)

           ky = 10**(-pky)

           kb = 10**(-pkb)

           dVb = Vbmax/10000

           print 'dV(base) = ', dVb, 'mL'

           Vb = 0

           V = Va

           cx = cx0

           cy = cy0

           cb = cb0

           ### Arquivos de output:

           titpH = file('titulacaoHX_HY_pH.xvg', 'w')

           titconc = file('titulacaoHX_HY_conc.xvg', 'w')

           titn = file('titulacaoHX_HY_n.xvg', 'w')

           titalfa = file('titulacaoHX_HY_alfa.xvg', 'w')

           titder = file('titulacaoHX_HY_dpH.xvg', 'w')

           legendas = """@    s0 legend  "H+"

@    s1 legend  "OH-"

@    s2 legend  "HX"

@    s3 legend  "X-"

@    s4 legend  "HY"

@    s5 legend  "Y-"

@    s6 legend  "B"

@    s7 legend  "BH+" 

"""

           legendaalfa = """@    s0 legend  "HX"

@    s1 legend  "HY"

@    s2 legend  "media"

"""

           ### Calculo das concentracoes e pH iniciais:

           a = 1

           b = ky + kx

           c = -(ky*cy + kw + kx*cx + kx*ky)

           d = -ky*(kw + kx*cx) - kx*(kw + ky*cy)

           e = -kx*ky*kw

           coeficientes = [a, b, c, d, e]

           pc = scipy.poly1d(coeficientes)

           ### Calculo das raizes do polinomio:

           r = pc.roots 

           raizes = tuple(r)

           ### Calculo das concentracoes e verificacao de qual raiz fornece apenas resultados reais e positivos:

           m = 0

           while m < 4:

               if raizes[m] == float(raizes[m]) :

                  H = float(raizes[m])

                  OH = kw/H

                  X = kx*cx/(H+kx)

                  HX = cx - X

                  Y = ky*cy/(H+ky)

                  HY = cy - Y

                  B = 0

                  BH = 0

                  if H > 0 and HX > 0 and X > 0 and HY > 0 and Y > 0:

                     ### Imprimir as concentracoes e calcular o pH e o grau de ionizacao:

                     pH = -math.log10(H)

                     print ' '

                     print 'pH inicial: ',pH

                     print ' '

                     nH = H*V/1000

                     nOH = OH*V/1000

                     nX = X*V/1000

                     nHX = HX*V/1000

                     nY = Y*V/1000

                     nHY = HY*V/1000

                     nB = B*V/1000

                     nBH = BH*V/1000

                     alfahx = 100*X/cx

                     alfahy = 100*Y/cy

                     mediaalfa = (alfahx + alfahy)/2

                     titpH.write(cabecalhopH)

                     titpH.write(str(Vb))

                     titpH.write('   ')

                     titpH.write(str(pH))

                     titpH.write(linha)

                     titalfa.write(cabecalhoalfa)

                     titalfa.write(legendaalfa)

                     titalfa.write(str(Vb))

                     titalfa.write('   ')

                     titalfa.write(str(alfahx))

                     titalfa.write('   ')

                     titalfa.write(str(alfahy))

                     titalfa.write('   ')

                     titalfa.write(str(mediaalfa))

                     titalfa.write(linha)

                     titconc.write(cabecalhoconc)

                     titconc.write(legendas)

                     titconc.write(str(Vb))

                     titconc.write('   ')

                     titconc.write(str(H))

                     titconc.write('   ')

                     titconc.write(str(OH))

                     titconc.write('   ')

                     titconc.write(str(HX))

                     titconc.write('   ')

                     titconc.write(str(X))

                     titconc.write('   ')

                     titconc.write(str(HY))

                     titconc.write('   ')

                     titconc.write(str(Y))

                     titconc.write('   ')

                     titconc.write(str(B))

                     titconc.write('   ')

                     titconc.write(str(BH))

                     titconc.write(linha)

                     titn.write(cabecalhon)

                     titn.write(legendas)

                     titn.write(str(Vb))

                     titn.write('   ')

                     titn.write(str(nH))

                     titn.write('   ')

                     titn.write(str(nOH))

                     titn.write('   ')

                     titn.write(str(nHX))

                     titn.write('   ')

                     titn.write(str(nX))

                     titn.write('   ')

                     titn.write(str(nHY))

                     titn.write('   ')

                     titn.write(str(nY))

                     titn.write('   ')

                     titn.write(str(nB))

                     titn.write('   ')

                     titn.write(str(nBH))

                     titn.write(linha)

                     titder.write(cabecalhodpH)

               m = m + 1

           Vb = dVb

           while Vb <= Vbmax:

                V = Va + Vb

                cx = cx0*Va/V

                cy = cy0*Va/V

                cb = cb0*Vb/V

                a = kb

                b = kw + kb*(cb + kx + ky)

                c = ky*(kw + kb*cb - cy*kb) - kb*kw + kx*(kw + kb*cb - cx*kb + kb*ky)

                d = -kw*(ky*cy + kw + kb*ky + kx*cx + kb*kx) + cb*kx*ky*kb - cy*kx*ky*kb - cx*kx*ky*kb

                e = -kw*(ky*kw + kx*kw + kx*ky*cx + kx*ky*cy + kx*ky*kb)

                f = -kx*ky*kw*kw

                coeficientes = [a, b, c, d, e, f]

                pc = scipy.poly1d(coeficientes)

                ### Calculo das raizes do polinomio:

                r = pc.roots 

                raizes = tuple(r)

                ### Calculo das concentracoes e verificacao de qual raiz fornece apenas resultados reais e positivos:

                m = 0

                while m < 5:

                      if raizes[m] == float(raizes[m]) :

                         H = float(raizes[m])

                         OH = kw/H

                         BH = kb*cb/(OH + kb)

                         X = kx*cx/(H + kx)

                         Y = ky*cy/(H + ky)

                         B = cb - BH

                         HX = cx - X

                         HY = cy - Y

                         if H > 0 and HX > 0 and X > 0 and HY > 0 and Y > 0 and B > 0 and BH > 0:

                            ### Gravar as concentracoes, numero de mols, graus de ionizacao, pH e derivada

                            pHnew = -math.log10(H)

                            dpH = (pHnew - pH) / dVb

                            nH = H*V/1000

                            nOH = OH*V/1000

                            nX = X*V/1000

                            nHX = HX*V/1000

                            nY = Y*V/1000

                            nHY = HY*V/1000

                            nB = B*V/1000

                            nBH = BH*V/1000

                            alfahx = 100*X/cx

                            alfahy = 100*Y/cy

                            mediaalfa = (alfahx + alfahy)/2

                            titpH.write(str(Vb))

                            titpH.write('   ')

                            titpH.write(str(pHnew))

                            titpH.write(linha)

                            titder.write(str(Vb))

                            titder.write('   ')

                            titder.write(str(dpH))

                            titder.write(linha)

                            titalfa.write(str(Vb))

                            titalfa.write('   ')

                            titalfa.write(str(alfahx))

                            titalfa.write('   ')

                            titalfa.write(str(alfahy))

                            titalfa.write('   ')

                            titalfa.write(str(mediaalfa))

                            titalfa.write(linha)

                            titconc.write(str(Vb))

                            titconc.write('   ')

                            titconc.write(str(H))

                            titconc.write('   ')

                            titconc.write(str(OH))

                            titconc.write('   ')

                            titconc.write(str(HX))

                            titconc.write('   ')

                            titconc.write(str(X))

                            titconc.write('   ')

                            titconc.write(str(HY))

                            titconc.write('   ')

                            titconc.write(str(Y))

                            titconc.write('   ')

                            titconc.write(str(B))

                            titconc.write('   ')

                            titconc.write(str(BH))

                            titconc.write(linha)

                            titn.write(str(Vb))

                            titn.write('   ')

                            titn.write(str(nH))

                            titn.write('   ')

                            titn.write(str(nOH))

                            titn.write('   ')

                            titn.write(str(nHX))

                            titn.write('   ')

                            titn.write(str(nX))

                            titn.write('   ')

                            titn.write(str(nHY))

                            titn.write('   ')

                            titn.write(str(nY))

                            titn.write('   ')

                            titn.write(str(nB))

                            titn.write('   ')

                            titn.write(str(nBH))

                            titn.write(linha)

                      m = m + 1

                Vb = Vb + dVb

                pH = pHnew

           titpH.close()

           titder.close()

           titalfa.close()

           titconc.close()

           titn.close()

print ' '

print 'Pronto!'

print ' '

