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"Thermodynamics is a funny subject. The first time you go through it, you 

don't understand it at all. The second time you go through it, you think you 

understand it, except for one or two small points. The third time you go 

through it, you know you don't understand it, but by that time you are so 

used to it, it doesn't bother you anymore". "Arnold Sommerfield" 
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q  r Component   q  r Component  

2.88  3.25  Methyl ethyl ketone   2.82  3.33  Carbon tetrachloride 

3.17  3.68  Diethylamine   2.34  2.70  Chloroform  

2.40  3.19  Benzene   1.48  1.54  Formic acid  

3.01  3.97  Methylcyclopentane   1.43  1.43  Methanol  

4.03  4.60  Methyl isobutyl ketone   1.72  1.87  Acetonitrile  

3.86  4.50  n-Hexane   1.80  1.90  Acetic acid  

2.97  3.92  Toluene   2.41  2.68  Nitroethane  

4.40  5.17  n-Heptane   1.97  2.11  Ethanol  

4.94  5.85  n-Octane   2.34  2.57  Acetone  

1.40  0.92  Water   3.12  3.48  Ethyl acetate  
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q    q    
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1.78  alcoholsC6  0.92  OHHC 52  

2.71  alcoholsC7  0.89  alcoholsC3  
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  )  K(    ) K(  
) 2)/(1(  

  
21a  12a      

  229.79  -40.70    318 Acetonitril/benzen  
  -5.86  230.64    318  n-Hexane/nitroethane  
  93.96  -171.71    323  Acetone/chloroform  
  1354.92  -123.57    348  Ethane/n-octane  
  241.64  -144.58    374-387  Formic acid/acetic acid  
  136.46  -78.49    390-411  Propioxic acid/methyl isobutyl ketone  
  -100.71  530.99    331-368  Acetone/water  
  61.92  294.10    350-364  Acetonitrile/water  
  -299.90  530.94    373-389  Acetic acid/ water  
  -525.85  924.01    374-380  Formic acid/water  
  -118.27  1383.93    333-349  Methylcyclopentane/ethanol  
  -6.47  56.47    344-352  Methylcyclopentane/benzene  
  947.20  -138.90    340-351  Ethanol/carbon tetrachloride  
  242.53  -75.13    350-369  Ethanol/benzene  
  1127.95  -29.64    328  Methyl ethyl ketone/n-heptane  
  972.09  -56.35    528  Methanol/benzene  
  -208.50  934.23    323  Chloform/ethanol  
  88.40  -19.26    323  Chloform/n-heptane 
  1380.30  -105.23    323  Ethanol/n-heptan 
  -108.42 379.31   323  Acetone/methanol 
  579.61  -107.54    335-347  Methanol/ethyl acetat  
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P(kPa)  21  12  ) K(    

0.0068  -2.1740  2.0416  298.15 Water-methanol  

0.034  -3.3054  3.0563  298.15  Water-ethanol  

0.05  -0.3943  0.7686  298.15 Ethanol-methanol  

0.03  0.0000  0.6722  298.15  Propanol-methanol  
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    .E NRTL    Aspen Plus  .   

                   

,, ,, scacas                   

        .    14.9     

           0.2        .   12-6 

               C25 

  .E NRTL    6      

.  

 
 12-6      E NRTL     

C25  14.9  0.2  

,ca s  ,s ca  Electrolyte  Electrolyte type 

-5.212  10.089 HCl  

1:1 
 

-5.154  10.031 LiCl  

-4.549  8.885 NaCl  

-4.107  8.064 KCl  

-3.526  7.359 NH4NO3  

-4.539  8.389 Na2SO4  
1:2  

-4.964  9.247 K2SO4  

-5.377  9.118 FeCl2  

2:1  -6.013  10.751 NiCl2  

-6.218 11.396 CaCl2 

-6.862  11.346  MgSO4  
2:2  

-6.837  11.378  NiSO4  

-6.255  10.399  AlCl3  3:1 

-7.116  10.646  Al2(SO4)3  3:2 
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12-3-2    NRTL NRF  
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2. Random state 
3. Nonrandom factor 
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 12-7    NRTL NRF      C25  

W  E  Max (m) Electrolyte  Electrolyte type 

16.151  -9.822 16 HCl  

1:1 

16.262  -10.072 20 LiCl  

10.209  -8.318 6.144 NaCl  

3.995  -3.806 5 KCl  

5.670  -7.509 25 NH4NO3  

11.278  -8.191 5 Na2SO4  
1:2  

11.127  -9.415 7.0 K2SO4  

19.608  -10.565 2 FeCl2  

2:1  17.326  -9.649 5 NiCl2  

19.052 -10.474 6 CaCl2 

17.529  -9.870  3 MgSO4  
2:2  

18.320  -10.404  2.5 NiSO4  

19.604  -6.825  1.8 AlCl3  3:1 

14.159  6.369  1 Al2(SO4)3  3:2 

 
12-3-3   E UNIQUAC NRF  

     2009  .              
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)12-116(  E E E
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)12-141(  ln 1 ln ,i i i EW EWR
q z i A C  

  

        C25    12-8     

 .  r  q      12-9   12-9    

.    

 
 12- 8   E UNIQUAC NRF      C25  

Wa T  Ea T  Max (m) Electrolyte  Electrolyte type 

30.725  2.247 16 HCl  

1:1 
 

28.137  -2.832 19.219 LiCl  

11.891  -2.299 6.144 NaCl  

5.635  -1.888 5 KCl  

1.054  -1.878 25 NH4NO3  

2.394  -2.090 1.957 Na2SO4  

1:2  

7.524  -3.253 0.692 K2SO4  

17.145  -0.632 2.050 FeCl2  

2:1  20.182  -0.681 5.060 NiCl2  

-1.683 -1.089 5.750 CaCl2 

5.975  -2.841  3.6 MgSO4  
2:2  

5.045  -2.858  2.5 NiSO4  

30.593  -0.680  1.8 AlCl3  3:1 

-1.412  0.227  1 Al2(SO4)3  3:2 
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 12-9     q r     

Anion r q  Anion r q 

Cl-1 1.020 1.025  Te-2 1.856 1.529 

Br -1 1.295 1.202  SeO4
-2 2.467 1.848 

I-1 1.831 1.515  MoO4
-2 2.818 2.019 

F-1 0.405 0.554  N2O2
-2 0.845 0.905 

OH-1 0.405 0.554  SO4
-2 2.092 1.656 

NO3
-1 0.986 1.003  SO3

-2 1.376 1.252 

ClO2
-1 2.687 1.956  CO3

-2 0.970 0.992 

CLO3
-1 1.376 1.252  S2O3

-2 2.687 1.956 

ClO4
-1 2.377 1.803  S2O4

-2 3.022 2.116 

H2PO4
-1 1.376 1.252  CrO4

-2 2.377 1.803 

CNS-1 1.662 1.420  HPO4
-2 1.376 1.252 

BrO3
-1 1.198 1.142  S2O6

-2 3.774 2.454 

BrO4
-1 2.687 1.956  S2O8

-2 4.193 2.632 

PF6
-1 2.529 1.879  HCO2

-2 1.460 1.303 

NO2
-1 1.217 1.154  HasO4

-2 1.592 1.380 

MnO4
-1 2.377 1.803  WO4

-2 3.384 2.282 

HSO4
-1 1.179 1.130  Cr2O7

-2 5.634 3.205 

HSO3
-1 0.845 0.905  C2O4

-2 1.592 1.380 

HseO4
-1 1.592 1.380  SiO3

-2 1.685 1.433 

CH3CO3
-1 2.147 1.685  SeO3

-2 2.347 1.788 

AlO2
-1 3.022 2.116  TeO3

-2 2.687 1.956 

BO2
-1 2.377 1.803  N-3 0.860 0.915 

CN-1 1.198 1.142  PO4
-3 2.318 1.773 

SCN-1 1.662 1.420  VO4
-3 3.022 2.116 

SeCN-1 1.958 1.585  S-2 1.071 1.060 

O-2 0.472 0.613  Se-2 1.335 1.227 
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 12-9     q r     

Cation r q  Cation r q 

H+1 0.005 0.028  Pb+2 0.282 0.436 

Na+1 0.182 0.326  Fe+2 0.082 0.190 

K+1 0.452 0.596  EU+2 0.275 0.428 

Li+1 0.056 0.149  Yb+2 0.248 0.400 

SC+1 0.845 0.905  Pt+2 0.088 0.200 

Ag+1 0.261 0.414  Hg+2(I) 10.199 4.761 

Tl+1 0.580 0.704  Hg+2(II) 0.182 0.326 

Rb+1 0.569 0.695  VO2
+2 1.831 1.515 

PH4
+1 1.003 1.014  Tl+3 0.117 0.242 

NH4
+1 0.557 0.686  PU+3 0.177 0.319 

Cs+1 0.845 0.905  Co+3 0.039 0.116 

Ni+2 0.056 0.149  N2H6
+2 1.179 1.130 

Pd+2 0.109 0.231  Ti+3 0.052 0.141 

Sr+2 0.248 0.400  V+3 0.045 0.128 

CO+2 0.073 0.176  Mn+3 0.047 0.132 

Mg+2 0.064 0.162  Fe+3 0.047 0.132 

Ca+2 0.167 0.307  Sb+3 0.078 0.186 

Ba+2 0.433 0.579  In+3 0.085 0.195 

Mn+2 0.099 0.217  AL+3 0.026 0.088 

Zn+2 0.073 0.176  Cr+3 0.041 0.120 

Cd+2 0.147 0.282  Y+3 0.125 0.254 

UO+2 3.774 2.454  Sm+3 0.152 0.288 

Cu+2 0.067 0.167  SC+3 0.073 0.176 

Ni+2 0.056 0.149  Pr+3 0.172 0.313 

Be+2 0.007 0.038  Nd+3 0.167 0.307 

UO2
+2 3.774 2.454  La+3 0.199 0.345 
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1. Weak electrolytes 
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)12-146(  ln i
CA CA

i

m K m
m

  

  

CAm        .im  im       

       .CAK         

          12-12        .   

             )  12-146   (

      CAK     .      

 CAK              .   

         -   .         

                  

       -   .    

  

 12-12            C25 1  

KCA (molkg-1)  Gas  Salt 

0.220  H2  

NaCl  
0.309  N2  

0.319  CH4  

0.399  C2H6  

0.298  O2  
kCl  

-0.051  SO2  

-0.039  CH4  

(CH3)4NBr  -0.092  C2H6  

-0.170  C4H10  

  

             

    .         .   

                                                                                                              
1. Krishnon and Friedman (1974) 
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 12-12   NaCl    NaCl+HCl  C25  

NaClC
mol lit

  HClC
mol lit

  3

( )Solution
g cm

  

5.43  0  1.198 
4.88  0.5  1.187  
4.48  0.89  1.178  
3.15  2.27  1.151  
2.08  3.49  1.132  
1.33  4.5  1.120  
0.907  5.25  1.116  
0.544  6.10  1.176  
0.293  7.07  1.213  
0.158  7.98  1.130  
0.091  9.24  1.146  
0.017  13.41  1.197  

  

    HCl   NaCl      .      

    2NaCl HCl H O  C25 )    1   

  12-12   (  .          12-12   

    )  mol l (            

       . 3g cm   .         

 12-12   NaCl      5.43 /NaClC mol l     

 31.198 g cm          58.5iM g mol 
 .       / ( 0.001 )Sat

i i s i im C C M    :     

  

2
5.43 6.168

(1.198 .001 5.43 58.5)
Sat
NaClm mol kg H O  

  

   E NRTL  NaCl   6.168m 0.99   

 .  2    NaCl     :   

                                                                                                              
1. Linke and Seidell  
2. Alternative 
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1. Nakamura, 1976 
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1. Kent-Eisenberg 
2. Deshmukh and Mather 
3. Austgen 
4. Li and Mather 
5. Clegg-Pitzer 
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1. Hamer and Wu 
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±  m   
±  m   

±  m 

6 3.39181   1.4 0.837439   0.1 0.786369 

7 4.611564   1.6 0.878214   0.2 0.750416 

8 6.192379   1.8 0.924003   0.3 0.735092 

9 8.199012   2 0.974781   0.4 0.729224 

10 10.69662   2.5 1.124106   0.5 0.729001 

11 13.74833   3 1.307578   0.6 0.732663 

12 17.4126   3.5 1.528994   0.7 0.739248 

13 21.74111   4 1.793052   0.8 0.748194 

14 26.77667   4.5 2.105143   0.9 0.759134 

15 32.55193   5 2.47124   1 0.771824 

16 39.08812   5.5 2.897825   1.2 0.801845 
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 -1  )  R(  

    

8.3144621 J K-1 mol-1 84.78402×10-6  m3 kgf/cm2 K-1 mol-1 

5.189×1019  eV K-1 mol-1 8.3144621×10-2  L bar K-1 mol-1 

0.08205746 L atm K-1 mol-1 62.36367 L mmHg K-1   mol-1 

1.9858775 cal K-1 mol-1 62.36367 L Torr K-1   mol-1 

8.3144621×107  erg K-1 mol-1 6.13244 ft lbf K-1 g-mol-1 

8.3144621 L kPa K-1 mol-1 1,545.35 ft lbf °R-1 lb-mol-1 

8.3144621 m3 Pa K-1 mol-1 10.73159 ft3 psi °R-1 lb-mol-1 

8.3144621 cm3 MPa K-1 mol-1 0.730241 ft3 atm °R-1 lb-mol-1 

8.3144621×10-5  m3 bar K-1 mol-1 1.31443 ft3 atm K-1 lb-mol-1 

8.205746×10-5  m3 atm K-1 mol-1 998.9701 ft3 mmHg K-1 lb-mol-1 

82.05746 cm3 atm K-1 mol-1 1.986 Btu lb-mol-1 °R-1 
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 g mol lb mol g mol lb mol 
 Kelvin Kelvin Rankine Rankine 
Btu 0.007881 3.57458 0.004378 1.98588 

cal 1.98588 900.779 1.10327 500.433 

Chu 0.004378 1.98588 0.002432 1.10327 

erg 8.31E+07 3.77E+10 4.62E+07 2.10E+10 

ft.lbf 6.13244 2781.63 3.40691 1545.35 
hp.h 3.10E-06 0.001405 1.72E-06 0.00078 
J 8.31447 3771.38 4.61915 2095.21 
kcal 0.001986 0.900779 0.001103 0.500433 
kgf.m 0.84784 384.574 0.471022 213.652 
kJ 0.008314 3.77138 0.004619 2.09521 
kW.h 2.31E-06 0.001048 1.28E-06 0.000582 
N.m 8.31447 3771.38 4.61915 2095.21 

  

 -2    
  

 -3      

Acceleration of gravity, g  
   m s-2 9.80665 
  

Atomic Mass Unit, amu  
   kg 1.66054*10-27 
  

Avogadro's constant, NA  
   mol-1 6.02214*1023 
  

Boltzmann's constant, k  
   J K-1 1.38066*10-23 
   erg K-1 1.38066*10-16 
   eV K-1 8.61739*10-5 
  

Electron charge, e  
   C 1.60218*10-19 
  

Permittivity of vacuum, 0  
   C2 N-1 m-2 8.85419*10-12 
  

Planck's constant, h  
   J s 6.62608*10-34 
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 -3   1  

–3-1   
1 ft = 0.4048 m = 12 in = mile/5280 = nautical mile/6076 = km/3281 

1 m = 3.281 ft = 39.37 in = 100 cm = 1000 mm = 106 micron = 1010 A0 = 

km/1000 
 

–3-2   
1 lbm = 0.45359 kg =short ton/2000 = long ton/2240 = 16 oz (av.) =14.58 oz 

(troy) = metric ton (tone)/2204.63 = 7000 grains = slug/32.2 

1 kg = 2.2046 lbm = 1000 g = (metric ton or tone or Mg)/1000 

  

–3-3   
1lbf  = 4.4482 N = 32.2 lbm.ft/s2 = 32.2 poundal = 0.4536 kgf 

1N = kg.m/s2 = 105 dyne = kgf/9.81 = 0.2248 lbf 

  

–3-4   
1ft3 = 0.02831 m3= 28.31 liter = 7.48 US gallons =6.23 Imperical gallons 

       = acre-ft/43560 

1 Us gallon = 231 in3 = barrel (petroleum)/42 = barrel (beer, USA)/31  

                  = 4 US quarts = 8 US pints = 3.785 liter = 0.003785 m3 

1 m3 = 1000 liter =35.29 ft3 

 
–3-5   

1 BTU = 1055 J = 1.055 kw.s = 2.93*10-4 kwh = 252 cal = 778.17 ft lbf  

            = 3.93*10-4 hp . h 
                                                                                                              
1. Nevers, N. de, "Physical and Chemical Equilibrium for Chemical Engineers", John Wiley, 2002.  
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1 J = 1 N.m = 1 W.s=1 volt.coulomb = 9.48*10-4 BTU = 0.239 cal = 107 erg 

           = 6.24*1018 electron volt 
 

–3-6   
1 hp = 550 ft.lbf/s = 33000 ft.lbf/min= 2545 BTU/hr  = 0.746 kw 

1 W = J/s = N.m/s = volt.ampere = 0.239 cal/s = 9.48*10-4 BTU/s = 1.34*10-3 hp 

 

–3-7   
1 atm = 101.3kPa = 1.013 bar = 14.696 lbf/in2 = 33.89 ft of water = 29.92 

inches of mercury = 1.033 kgf/cm2 = 10.33 m of water = 760 mm of mercury 

= 760 torr 

1 psi = atm/14.696 = 6.89 kPa = 27.7 in H2O = 51.7 torr 

1 Pa = N/m2 = kg/m s2 = 10-5 bar = 1.450*10-4 lbf/in2 = 0.0075 torr = 0.0040 

in H2O 

 

–3-8   

1cp =0.01 poise = 0.01 g/cm.s = 0.001 kg/m.s = 0.001 Pa.s 

       = 6.72*10-4 lbm/ft.s = 2.42 lbm/ft.hr = 2.09*10-5 lbf.s/ft2  

       = 0.01 dyne.s/cm2 

  

–3-9    
1cp = 0.01 stoke = 0.01 cm2/s = 10-6 m2/s = 1cp/(g.cm3) 

       =1.08*10-5 ft2/s = cp/(62.4 lbm/ft3) 

–3-10   
 K = 0C + 273.15 = 0R/1.8  0C + 273.15:      0C = (0F – 32)/1.8 
0R = 0F + 459.67  0F + 460  1.8 K:               0F = 1.8 0C + 32 



 

 

 
 
 
 
 
 
 
 

   
  

  

-1      
  

 -1                 

       1  

 Molar mass  TC/K  PC/bar  ZC VC/cm3 mol-1 Tn/K 
Methane  16.043 0.012 190.6 45.99 0.286 98.6 111.4 
Ethane  30.07 0.1 305.3 48.72 0.279 145.5 184.6 
Propane  44.097 0.152 369.8 42.48 0.276 200 231.1 
n-Butane  58.123 0.2 425.1 37.96 0.274 255 272.7 
n-Pentane  72.15 0.252 469.7 33.7 0.27 313 309.2 
n-Hexane  86.177 0.301 507.6 30.25 0.266 371 341.9 
n-Heptane  100.204 0.35 540.2 27.4 0.261 428 371.6 
n-Octane  114.231 0.4 568.7 24.9 0.256 486 398.8 
n-Nonane  128.258 0.444 594.6 22.9 0.252 544 424 
n-Decane  142.285 0.492 617.7 21.1 0.247 600 447.3 
Isobutane  58.123 0.181 408.1 36.48 0.282 262.7 261.4 
Isooctane  114.231 0.302 544 25.68 0.266 468 372.4 
Cyclopentane  70.134 0.196 511.8 45.02 0.273 258 322.4 
Cyclohexane  84.161 0.21 553.6 40.73 0.273 308 353.9 
Methylcyclopentane  84.161 0.23 532.8 37.85 0.272 319 345 
Methylcyclohexane  98.188 0.235 572.2 34.71 0.269 368 374.1 

                                                                                                              
1. Smith, J. M., H. C., Van Ness, and M. M., Abbott, Chemical Engineering Thermodynamics, Sixth 

Edition., McGraw Hill. 2001. pp. 654-655 
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 Molar mass  TC/K PC/bar ZC VC/cm3 mol-1 Tn/K 
Ethylene  28.054 0.087 282.3 50.4 0.281 131 169.4 
Propylene  42.081 0.14 365.6 46.65 0.289 188.4 225.5 
l-Butene  56.108 0.191 420 40.43 0.277 239.3 266.9 
cis-2-Butene  56.108 0.205 435.6 42.43 0.273 233.8 276.9 
trans- 2- Butene  56.108 0.218 428.6 41 0.275 237.7 274 
1-Hexene  84.161 0.28 504 31.4 0.265 354 336.3 
Isobutylene  56.108 0.194 417.9 40 0.275 238.9 266.3 
1,3- Butadiene  54.092 0.19 425.2 42.77 0.267 220.4 268.7 
Cyclohexene  82.145 0.212 560.4 43.5 0.272 291 356.1 
Acetylene  26.038 0.187 308.3 61.39 0.271 113 189.4 
Benzene  78.114 0.21 562.2 48.98 0.271 259 353.2 
Toluene  92.141 0.262 591.8 41.06 0.264 316 383.8 
Ethy lbenzene  106.167 0.303 617.2 36.06 0.263 374 409.4 
Curnene  120.194 0.326 631.1 32.09 0.261 427 425.6 
a-Xylene  106.167 0.31 630.3 37.34 0.263 369 417.6 
m-Xylene  106.167 0.326 617.1 35.36 0.259 376 412.3 
p-Xylene  106.167 0.322 616.2 35.11 0.26 379 411.5 
Styrene  104.152 0.297 636 38.4 0.256 352 418.3 
Naphthalene  128.174 0.302 748.4 40.51 0.269 413 - 
Biphenyl  154.211 0.365 789.3 38.5 0.295 502 528.2 
Formaldehyde  30.026 0.282 408 65.9 0.223 115 254.1 
Acetaldehyde  44.053 0.291 466 55.5 0.221 154 294 
Methy I acetate  74.079 0.331 506.6 47.5 0.257 228 330.1 
Ethyl acetate  88.106 0.366 523.3 38.8 0.255 286 350.2 
Acetone  58.08 0.307 508.2 47.01 0.233 209 329.4 
Methyl ethyl ketone 72.107 0.323 535.5 41.5 0.249 267 352.8 
Diethy 1 ether  74.123 0.281 466.7 36.4 0.263 280 307.6 
Methyl t-butyl ether 88.15 0.266 497.1 34.3 0.273 329 328.4 
Methanol  32.042 0.564 512.6 80.97 0.224 118 337.9 
Ethanol  46.069 0.645 513.9 61.48 0.24 167 351.4 
'l-Propanol  60.096 0.622 536.8 51.75 0.254 219 370.4 
'l-Butanol  74.123 0.594 563.1 44.23 0.26 275 390.8 
l-Hexanol  102.177 0.579 611,4 35.1 0.263 381 430.6 
2-Propanol  60.096 0.668 508.3 47.62 0.248 220 355.4 
Phenol  94.113 0.444 694.3 61.3 0.243 229 455 
Ethylene glycol  62.068 0.487 719.7 77 0.246 191 470.5 
Acetic acid  60.053 0.467 592 57.86 0.211 179.7 391.1 
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 Molar mass  TC/K PC/bar  ZC VC/cm3 mol-1 Tn/K 

n-Butyric acid  88.106 0.681 615.7 40.64 0.232 291.7 436.4 
Benzoic acid  122.123 0.603 751 44.7 0.246 344 522.4 
Acetonitrile  41.053 0.338 545.5 48.3 0.184 173 354.8 
Methy larnine  31.057 0.281 430.1 74.6 0.321 154 266.8 
Ethylamine  45.084 0.285 456.2 56.2 0.307 207 289.7 
Nitromethane  61.04 0.348 588.2 63.1 0.223 173 374.4 
Carbon tetrachloride  153.822 0.193 556.4 45.6 0.272 276 349.8 
Chloroform  119.377 0.222 536.4 54.72 0.293 239 334.3 
Dichloromethane  84.932 0.199 510 60.8 0.265 185 312.9 
Methyl chloride  50.488 0.153 416.3 66.8 0.276 143 249.1 
Ethyl chloride  64.514 0.19 460.4 52.7 0.275 200 285.4 
Chlorobenzene  112.558 0.25 632.4 45.2 0.265 308 404.9 
Tetrafluoroethane  102.03 0.327 374.2 40.6 0.258 198 247.1 
Argon  39.948 0 150.9 48.98 0.291 74.6 87.3 
Krypton  83.8 0 209.4 55.02 0.288 91.2 119.8 
Xenon  131.3 0 289.7 58.4 0.286 118 165 
Helium 4  4.003 -0.39 5.2 2.28 0.302 57.3 4.2 
Hydrogen  2.016 -0.216 33.19 13.13 0.305 64.1 20.4 
Oxygen  31.999 0.022 154.6 50.43 0.288 73.4 90.2 
Nitrogen  28.014 0.038 126.2 34 0.289 89.2 77.3 
Air  28.851 0.035 132.2 37.45 0.289 84.8 - 
Chlorine  70.905 0.069 417.2 77.1 0.265 124 239.1 
Carbon monoxide  28.01 0.048 132.9 34.99 0.299 93.4 81.7 
Carbon dioxide  44.01 0.224 304.2 73.83 0.274 94 - 
Carbon disulfide  76.143 0.111 552 79 0.275 160 319.4 
Hydrogen sulfide  34.082 0.094 373.5 89.63 0.284 98.5 212.8 
Sulfur dioxide  64.065 0.245 430.8 78.84 0.269 122 263.1 
Sulfur trioxide  80.064 0.424 490.9 82.1 0.255 127 317.9 
Nitric oxide (NO)  30.006 0.583 180.2 64.8 0.251 58 121.4 
Nitrous oxide (N2O) 44.013 0.141 309.6 72.45 0.274 97.4 184.7 
Hydrogen chloride  36.461 0.132 324.7 83.1 0.249 81 188.2 
Hydrogen cyanide  27.026 0.41 456.7 53.9 0.197 139 298.9 
Water  18.015 0.345 647.1 220.55 0.229 55.9 373.2 
Ammonia  17.031 0.253 405.7 112.8 0.242 72.5 239.7 
Nitric acid  63.013 0.714 520 68.9 0.231 145 356.2 
Sulfuric acid  98.08 - 924 64 0.147 177. 610 
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sat BP kPa A
t C C

  

  

      :                           nH  
  

                                      :                            nt  
   

  -1          1  

         
nH   nt  

  A  B  C   min

( )

T

C
 max

( )

T

C
  /kJ mol   C  

Acetone C3H6O 14.3145 2756.22 228.06  -26 77  29.1  56.2 
Acetic acid  C2H4O2 15.0717 3580.8 224.65  24 142  23.7  117.9 
Acetonitrile C2H3N 14.895 3413.1 250.523  -27 81  30.19  81.6 
Benzene C6H6 13.7819 2726.81 217.572  6 104  30.72  80 
iso-Butane C4H10 13.8254 2181.79 248.87  -83 7  21.3  -11.9 
n-Butane C4H10 13.6608 2154.7 238.789  -73 19  22.44  -0.5 
1-Butanol C4H10O 15.3144 3212.43 182.739  37 138  43.29  117.6 
2-Butanol C4H10O 15.1989 3026.03 186.5  25 120  40.75  99.5 

                                                                                                              
1. Smith, J. M., H. C., Van Ness, and M. M., Abbott, Chemical Engineering Thermodynamics, Sixth 

Edition., McGraw Hill. 2001. pp. 654-655. 
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nH   nt  

  A  B  C   min

( )

T

C
 max

( )

T

C
  /kJ mol   C  

iso-Butanol C4H10O 14.6047 2740.95 166.67  30 128  41.82  107.8 
tert-Butanol C4H10O 14.8445 2658.29 177.65  10 101  39.07  82.3 
Carbon 
tetrachloride CCl4 14.0572 2914.23 232.148 

 
-14 101 

 
29.82  76.6 

Chlorobenzene C6H5Cl 13.8635 3174.78 211.7  29 159  35.19  131.7 
1-Chlorobutane C4H9Cl 13.7965 2723.73 218.265  -17 79  30.39  78.5 
Chloroform CHCl3 13.7324 2548.74 218.552  -23 84  29.24  61.1 
Cyclohexane C6H12 13.6568 2723.44 220.618  9 105  29.97  80.7 
Cyclopentane C5H10 13.9727 2653.9 234.51  -35 71  27.3  49.2 
n-Decane C10H22 13.9748 3442.76 193.858  65 203  38.75  174.1 
Dichloromethane CH2Cl2 13.9891 2463.93 223.24  -38 60  28.06  39.7 
Diethyl ether C4H10O 14.0735 2511.29 231.2  -43 55  26.52  34.4 
1,4-Dioxane C4H8O2 15.0967 3579.78 240.337  20 105  34.16  101.3 
n-Eicosane C20H42 14.4575 4680.46 132.1  208 379  57.49  343.6 
Ethanol C2H6O 16.8958 3795.17 230.918  3 96  38.56  78.2 
Ethylbenzene C8H10 13.9726 3259.93 212.3  33 163  35.57  136.2 
Ethylene glycol C2H6O2 15.7567 4187.46 178.65  100 222  50.73  197.3 
n-Heptane C7H16 13.8622 2910.26 216.432  4 123  31.77  98.4 
n-Hexane C6H14 13.8193 2696.04 224.317  -19 92  28.85  68.7 
Methanol CH4O 16.5785 3638.27 239.5  -11 83  35.21  64.7 
Methyl acetate C3H6O2 14.2456 2662.78 219.69  -23 78  30.32  56.9 
Methyl ethyl ketone C4H8O 14.1334 2838.24 218.69  -8 103  31.3  79.6 
Nitromethane CH3NO2 14.7513 3331.7 227.6  56 146  33.99  101.2 
n-Nonane C9H20 13.9854 3311.19 202.694  46 178  36.91  150.8 
iso-Octane C8H18 13.6703 2896.31 220.767  2 125  30.79  99.2 
n-Octane C8H18 13.9346 3123.13 209.635  26 152  34.41  125.6 
n-Pentane C5H12 13.7667 2451.88 232.014  -45 58  25.79  36 
Phenol C6H6O 14.4387 3507.8 175.4  80 208  46.18  181.8 
1-Propanol C3H8O 16.1154 3483.67 205.807  20 116  41.44  97.2 
2-Propanol C3H8O 16.6796 3640.2 219.61  8 100  39.85  82.2 
Toluene C7H8 13.932 3056.96 217.625  13 136  33.18  110.6 
Water H2O 16.3872 3885.7 230.17  0 200  40.66  100 
o-Xylene C8H10 14.0415 3358.79 212.041  40 172  36.24  144.4 
m-Xylene C8H10 14.1387 3381.81 216.12  35 166  35.66  139.1 
p-Xylene C8H10 14.0579 3331.45 214.627  35 166  35.67  138.3 

 



 

 

 
 
 
 
 
 
 
 

   
  

  

-1    )spK(  
  

  -1    )         C 25 (.  

 
 ( ) 

 
 

 ( ) 

 
 

 ( ) 

 

ALPO4 9.83*10-21 Fe(OH)2 4.87*10-17 Ni3(PO4)2 4.73*10-32 
BaCO3 2.58*10-9 FeS 1.59*10-19 NiS 1.07*10-21 

BaCrO4 1.17*10-9 Fe(OH)3 2.64*10-39 PdS 2.03*10-58 

BaF2 1.84*10-7 FePO4.2H2O 9.92*10-29 Pd(SCN)2 4.38*10-23 

Ba(OH)2.8H2O 2.55*10-4 PbBr2 6.60*10-6 PtS 9.91*10-74 

Ba(IO3)2 4.01*10-9 PbCO3 1.46*10-13 K2[PtCl6] 7.48*10-6 

Ba(IO3)2.H2O 1.67*10-9 PbCl2 1.17*10-5 KClO4 1.05*10-2 

BaSO4 1.07*10-10 PbF2 7.12*10-7 AgC2H3O2 1.94*10-3 

BiAsO4 4.43*10-10 Pb(OH)2 1.42*10-20 Ag3AsO4 1.03*10-22 

Bi2S3 1.82*10-99 Pb(IO3)2 3.68*10-13 AgBrO3 5.34*10-5 

Cd3(AsO4)2 2.17*10-33 PbI2 8.49*10-9 AgBr 5.35*10-13 

CdCO3 6.18*10-12 PbC2O4 8.51*10-10 Ag2CO3 8.45*10-12 

CdF2 6.44*10-3 PbSO4 1.82*10-8 AgCl 1.77*10-10 

Cd(OH)2 5.27*10-15 PbS 9.04*10-29 Ag2CrO4 1.12*10-12 

Cd(IO3)2 2.49*10-8 Pb(SCN)2 2.11*10-5 AgCN 5.97*10-17 

CdC2O4.3H2O 1.42*10-8 Li2CO3 8.15*10-4 AgIO3 3.17*10-8 

Cd3(PO4)2 2.53*10-33 MgCO3 6.82*10-6 AgI 8.51*10-17 



   580 

 

  - 1 
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 ( ) 

 

Cds 1.40*1-29 MgCO3.3H2O 2.38*10-6 Ag2C2O4 5.40*10-12 

CaCO3 4.96*10-9 MgCO3.5H2O 3.79*10-6 Ag3PO4 8.88*10-17 

CaF2 1.46*10-10 MgF2 7.42*10-11 Ag2SO4 1.20*10-5 

Ca(OH)2 4.68*10-6 Mg(OH)2 5.61*10-12 Ag2S ( -form) 6.69*10-50 

Ca(IO3)2 6.47*10-6 MgC2O4.2H2O 4.83*10-6 Ag2S ( -form) 1.09*10-49 

Ca(IO3)2.6H2O 7.54*10-7 Mg3(PO4)2 9.86*10-25 Ag2SO3 1.49*10-14 

CaC2O4.H2O 2.34*10-9 MnCO3 2.24*10-11 AgSCN 1.03*10-12 

Ca3(PO4)2 2.07*10-33 Mn(OH)2 2.06*10-13 Sr3(AsO4)2 4.29*10-19 

CaSO4 7.10*10-5 Mn(IO3)2 4.37*10-7 SrCO3 5.60*10-10 

Co3(AsO4)2 6.79*10-29 MnC2O4.2H2O 1.70*10-7 SrF2 4.33*10-9 

Co(OH)2 (Pink) 1.09*10-15 MnS 4.65*10-14 Sr(IO3)2 1.14*10-7 

Co(OH)2 (Blue) 5.92*10-15 Hg2Br2 6.41*10-23 Sr(IO3)2.H2O 3.58*10-7 

Co(IO3)2.2H2O 1.21*10-2 Hg2CO3 3.67*10-17 Sr(IO3)2.6H2O 4.65*10-7 

Co3(PO4)2 2.05*10-35 Hg2Cl2 1.45*10-18 SrSO4 3.44*10-7 

CuBr 6.27*10-9 Hg2F2 3.10*10-6 Sn(OH)2 5.45*10-27 

CuCl 1.72*10-7 Hg2I2 5.33*10-29 SnS 3.25*10-28 

CuI 1.27*10-12 Hg2C2O4 1.75*10-13 Zn3(AsO4)2 3.12*10-28 

Cu2S 2.26*10-48 Hg2SO4 7.99*10-7 ZnCO3 1.19*10-10 

CuSCN 1.77*10-13 Hg2(SCN)2 3.12*10-20 ZNnCO3.H2O 5.41*10-11 

Cu3(AsO4)2 7.93*10-36 Hg(OH)2 3.13*10-26 ZnF2 3.04*10-2 

Cu(IO3)2.H2O 6.94*10-8 HgI2 2.82*10-29 Zn(OH)2 ( -form) 6.86*10-17 

CuC2O4 4.43*10-10 HgS (black) 6.44*10-53 Zn(OH)2 ( -form) 7.71*10-17 

Cu3(PO4)2 1.39*10-37 HgS (red) 2.00*10-53 Zn(OH)2 ( -form) 4.12*10-17 

CuS 1.27*10-36 NiCO3 1.42*10-7 Zn(IO3)2 4.29*10-6 

FeCO3 3.07*10-11 Ni(OH)2 5.47*10-16 ZnC2O4.2H2O 1.37*10-9 

FeF2 2.36*10-6 Ni(IO3)2 4.71*10-5 ZnS 2.93*10-25 

 
  

  



 

 

 
 
 
 
 
 
 
 

   
  

  

-1    UNIFAC   

  
  

 -1    UNIFAC    1  

    
 

 
 

    R Q   = (    )(   ) 

1 

1 CH3 0.9011 0.848 Hexane = (2)(1) + (4)(2) 
2 CH2 0.6744 0.54 2-Methylpropane = (3)(1) + (1)(3) 
3 CH 0.4469 0.228 Neopentane = (4)(1)+ (1)(4) 
4 C 0.2195 0 2,2,4-Trimethylpentane = (5)(1)+ (1)(2) + (1)(3)+ (1)(4) 

      
 5 CH2=CH 1.3454 1.176 3-Methyl-1-hexene = (2)(1) + (2)(2) + (1)(3)+ (1)(5) 
 6 CH=CH 1.1167 0.867 Hexene-2 = (2)(1) + (2)(2) + (1)(6) 

2 7 CH2=C 1.1173 0.988 2-Methyl-1-butene = (2)(1)+ (1)(2) + (1)(7) 
 8 CH=C 0.8886 0.676 2-Methyl-2-butene = (3)(1) + (1)(8) 
 70 C=C 0.6605 0.485 2,3-Dimethylbutene = (4)(1) + (1)(70) 
      

3 
9 ACH 0.5313 0.4 Benzene = (6)(9) 
10 AC 0.3652 0.12 Styrene = (1)(5) + (5)(9) + (1)(10) 

      
 11 ACCH3 1.2663 0.968 Toluene = (5)(9) + (1)(11) 

4 12 ACCH2 1.0396 0.66 Ethylbenzene = (1)(1) + (5)(9) + (1)(12) 
 13 ACCH 0.8121 0.348 Cumene = (2)(1) + (5)(9) + (1)(13) 

                                                                                                              
1. Poling, B. E., J. M. Prausnitz, J. P., The Properties of Gases and Liquids, Fifth Edition., McGraw Hill. 

2004. pp. 8.78-8.80. 
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    R Q (   )   = (    )  

5 14 OH 1 1.2 Ethanol = (1)(1) + (1)(2)+ (1)(14) 
      
      

6 15 CH3OH 1.4311 1.432 Methanol = (1)(15) 
      

7 16 H2O 0.92 1.4 Water  (1)(16) 
      

8 17 ACOH 0.8952 0.68 Phenol= (5)(9) + (1)(17) 
      

9 
18 CH3CO 1.6724 1.488 Methylethylketone = (1)(1)+ (1)(2) +(1)(18) 

19 CH2CO 1.4457 1.18 
Ethylphenylketone = (1)(1) + (1)(19) + (5)(9) + 
(1)(10) 

      
10 20 CHO 0.998 0.948 Hexanal = (1)(1)+ (4)(2) + (1)(20) 

      

11 21 CH3COO 1.9031 1.728 Butyl acetate = (1)(1) + (3)(2) + (1)(21) 
22 CH2COO 1.6764 1.42 Methyl propionate = (2)(1)+ (1)(22) 

      
12 23 HCOO 1.242 1.188 Ethyl formate = (1)(1) + (1)(2) + (1)(23) 

      

13 

24 CH3O 1.145 1.088 Dimethyl ether = (1)(1) + (1)(24) 
25 CH2O 0.9183 0.78 Diethyl ether = (2)(1) + (1)(2) + (1)(25) 
26 CHO 0.6908 0.468 Diisopropyl ether = (4)(1)+ (1)(3) + (1)(26) 
27 THF 0.9183 1.1 Tetrahydrofuran = (3)(2) + (1)(27) 

      
 28 CH3NH2 1.5959 1.544 Methylamine = (1)(28) 

14 29 CH2NH2 1.3692 1.236 Ethylamine = (1)(1) + (1)(29) 
 30 CHNH2 1.1417 0.924 Isopropylamine = (2)(1)+ (1)(30) 
      
 31 CH3NH 1.4337 1.244 Dimethyl amine = (1)(1)+ (1)(31) 

15 32 CH2NH 1.207 0.936 Diethylamine = (2)(1) + (1)(2) + (1)(32) 
 33 CHNH 0.9795 0.624 Diisopropylamine = (4)(1) + (1)(3) + (1)(33) 
      

16 34 CH3N 1.1865 0.94 Trimethylamine= (2)(1) + (1)(34) 
35 CH2N 0.9597 0.632 Triethylamine = (3)(1) + (2)(2)+ (1)(35) 

      
17 36 ACNH2 1.06 0.816 Aniline = (5)(9) + (1)(36) 

      
 37 C5H5N 2.9993 2.113 Pyridine = (1)(37) 

18 38 C5H4N 2.8332 1.833 2-Methylpyridine = (1)(1) + (1)(38) 
 39 C5H3N 2.667 1.553 2,3-Dimethylpyridine = (2)(1)+ (1)(39) 
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    R Q (   )   = (    )

19 
40 CH3CN 1.8701 1.724 Acetonitrile = (1)(40) 
41 CH2CN 1.6434 1.416 Proprionitrile = (1)(1) + (1)(41) 

      

20 
42 COOH 1.3013 1.224 Acetic Acid  (1)(1)  (1)(42) 
43 HCOOH 1.528 1.532 Formic Acid = (1)(43) 

      
 44 CH2Cl 1.4654 1.264 1-Chlorobutane= (1)(1) + (2)(2) + (1)(44) 

21 45 CHCl 1.238 0.952 2-Chloropropane = (2)(1) + (1)(45) 
 46 CCl 1.0106 0.724 2-Chloro-2-methylpropane = (3)(1) + (1)(46) 
      
 47 CH2Cl2 2.2564 1.988 Dichloromethane = (1)(47) 

22 48 CHCl2 2.0606 1.684 1,1-Dichloroethane = (1)(1) + (1)(48) 
 49 CCl2 1.8016 1.448 2,2-Dichloropropane = (2)(1) + (1)(49) 
      

23 
50 CHCl3 2.87 2.41 Chloroform = (1)(50) 
51 CCl3 2.6401 2.184 1,1,1-Trichloroethane = (1)(1) + (1)(51) 

      
24 52 CCl4 3.39 2.91 Tetrachloromethane= (1)(52) 
25 53 ACCl 1.1562 0.844 Chlorobenzene= (5)(9) + (1)(53) 

      
 54 CH3NO2 2.0086 1.868 Nitromethane = (1)(54) 

26 55 CH2NO2 1.7818 1.56 Nitroethane = (1)(1) + (1)(55) 
 56 CHNO2 1.5544 1.248 2-Nitropropane = (2)(1)+ (1)(56) 
      

27 57 ACNO2 1.4199 1.104 Nitrobenzene = (5)(9) + (1)(57) 
      

28 58 CS2 2.507 1.65 Carbon disulfide = (1)(58) 
      

29 
59 CH3SH 1.877 1.676 Methanethiol = (1)(59) 
60 CH2SH 1.651 1.368 Ethanethiol = (1)(1) + (1)(60) 

      
30 61 Furfural 3.168 2.484 Furfural = (1)(61) 

      
31 62 DOH 2.4088 2.248 1,2-Ethanediol = (1)(62) 

      
32 63 I 1.264 0.992 Iodoethane = (1)(1) + (1)(2) + (1)(63) 

      
33 64 Br 0.9492 0.832 Bromoethane = (1)(1) + (1)(2) + (1)(64) 

      

34 
65 CH C 1.2929 1.088 1-Hexyne = (1)(1) + (3)(2) + (1)(65) 
66 C C 1.0613 0.784 2-Hexyne = (2)(1) + (2)(2) + (1)(66) 
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    R Q (   )  )   = (   

35 67 DMSO 2.8266 2.472 Dimethylsulfoxide = (1)(67) 
      

36 68 Acrylonitrile 2.3144 2.052 Acrylonitrile = (1)(68) 
      

37 69 Cl-(C=C) 0.791 0.724 Trichloroethylene = (1)(8) + (3)(69) 
      

38 71 ACF 0.6948 0.524 Fluorobenzene = (5)(9)+ (1)(71) 
      

39 
72 DMF 3.0856 2.736 N,N-Dimethylformamide = (1)(72) 
73 HCON(CH2)2 2.6322 2.12 N,N-Diethylformamide = (2)(1) + (1)(73) 

      
 74 CF3 1.406 1.38 Perfluoroethane = (2)(74) 

40 75 CF2 1.0105 0.92  

 76 CF 0.615 0.46 Perfluoromethylcyclohexane = (1)(74) + (5)(75) 
+ (1)(76) 

      
41 77 COO 1.38 1.2 Butylacetate = (2)(1) + (3)(2) + (1)(77) 

42 

78 SiH3 1.6035 1.263 Methylsilane = (1)(1) + (1)(78) 
79 SiH2 1.4443 1.006 Diethylsilane = (2)(1) + (2)(2) + (1)(79) 
80 SiH 1.2853 0.749 Trimethylsilane = (3)(1) + (1)(80) 
81 Si 1.047 0.41 Tetramethylsilane = (4)(1) + (1)(81) 

      
 82 SiH2O 1.4838 1.062  

43 83 SiHO 1.303 0.764  
 84 SiO 1.1044 0.466 Hexamethyldisiloxane = (6)(1)+ (1)(81) + (1)(84) 
      

44 85 NMP 3.981 3.2 N-Methylpyrrolidone = (1)(85) 
      

45 

86 CCl3F 3.0356 2.644 Trichlorofluoromethane = (1)(86) 
87 CCl2F 2.2287 1.916 Tetrachloro-1,2-difluoroethane = (2)(87) 
88 HCCl2F 2.406 2.116 Dichlorofluoromethane = (1)(88) 
89 HCClF 1.6493 1.416 2-Chloro-2-fluoroethane = (1)(1) + (1)(89) 
90 CClF2 1.8174 1.648 2-Chloro-2,2-difluoroethane = (1)(1) + (1)(90) 
91 HCClF2 1.967 1.828 Chlorodifluoromethane = (1)(91) 
92 CClF3 2.1721 2.1 Chlorotrifluoromethane = (1)(92) 
93 CCl2F2 2.6243 2.376 Dichlorodifluoromethane = (1)(93) 

      

46 

94 CONH2 1.4515 1.248 Acetamide = (1)(1) + (1)(94) 
95 CONHCH3 2.1905 1.796 N-Methylacetamide = (1)(1) + (1)(95) 
96 CONHCH2 1.9637 1.488 N-Ethylacetamide = (2)(1) + (1)(96) 
97 CON(CH3)2 2.8589 2.428 N,N-Dimethylacetamide = (1)(1) + (1)(97) 
98 CONCH3CH2 2.6322 2.12 N,N-Methylethylacetamide = (2)(1) + (1)(98) 
99 CON(CH2)2 2.4054 1.812 N,N-Diethylacetamide = (3)(1) + (1)(99) 
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    R Q (   )   = (    )  

47 100 C2H5O2 2.1226 1.904 2-Ethoxyethanol = (1)(1) + (1)(2) + (1)(100) 
101 C2H4O2 1.8952 1.592 2-Ethoxy-1-propanol = (2)(1) + (1)(2) + (1)(101) 

      
 102 CH3S 1.613 1.368 Dimethylsulfide = (1)(1) + (1)(102) 
48 103 CH2S 1.3863 1.06 Diethylsulfide = (2)(1) + (1)(2) + (1)(103) 
 104 CHS 1.1589 0.748 Diisopropylsulfide = (4)(1) + (1)(3) + (1)(104) 
      
49 105 MORPH 3.474 2.796 Morpholine = (1)(105) 
      
 106 C4H4S 2.8569 2.14 Thiophene = (1)(106) 
50 107 C4H3S 2.6908 1.86 2-Methylthiophene = (1)(1) + (1)(107) 
 108 C4H2S 2.5247 1.58 2,3-Dimethylthiophene = (2)(1) + (1)(108) 

 





 

 

 
 
 
 
 
 
 
 

      
  

  

 
Isopiestic                    

                           
Streically hindered amine  

                                Combinatorial analysis 
Boltzmann entropy                  
Anion       

                     
Thermodynamic probability  

Ideal mixing                 
Saturated       
Extremum              
                 
Poynting correction  

Activity   ( )                   
Induction        
Strong  electrolyte                   

                   
Complex  electrolyte 

Weak  electrolyte                 
Miscible                
Partial miscible                   
Volume shift               
Freezing        
Mixing energy              
Geothermal  energy                     
Interchange energy                   
Orientation forces               

                                                    Rigorous 

 
Point charge             
Correlation       
Extrapolation          
Crystallization ( )                     
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Amorphous       

 
                           

Binary interaction parameter 

Solubility parameter                
Ideal gas potential                        
                   
Hard-sphere potential 

                  
Sutherland potential 

Square-Well potential    

                                 Soft sphere potential 
Kihara potential                 
Exp-6 potential                    
                      
Stock Mayer potential  

                       
Electrochemical  potential (emf) 
Light scattering              
                    
Molecular beam scattering 

Residual        
Polystyrene            

                       
Polydimethyle siloxane  

 
                           Gibbs energy function 

                                      
Intermolecular potential energy function 

Departure function              
Enthalpy function               

                                  
Residual function or departure function 

Potential function               
                        
Canonical partition function 

Exact function            
State function            
Universal function             
Excess  function               
Relative function            
Helmholz function              
               
Legendre transformation 

Data reduction               
Vaporization       

                    
Isothermal compressibility 

Composition       
Local  composition              
Combinatorial        
                    
Statistical thermodynamic 

Analytically        
Sublimation       
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Sterling approximation                 
                 
Substitution approximation 

                     
Zero Guggenheim approximation 

            -       
Vapor liquid equilibria 

            -                
Isothermal VLE   

            -                   
Isobaric VLE   

            -       
Liquid-liquid equilibria 

            -       
Solid-liquid equilibria 

                            
Change of Gibbs energy formation 

                     
Mixing change properties 

Individual      
Bulk      
             -          
Poisson - boltzmann 

Brönsted theory                

                       
Corresponding  state theory 

Two-liquid theory               

                              
Two-fluid  theory   

                    -         
Flory-Huggins lattice theory 

                                
Guggenheim quasi chemical theory 

                      (  )                         
Universal quasi chemical theory 

Lattice theory               
Hard sphere theory                 

                           
Regular solution theory 

One-fluid  theory                 

 
Boltzman’s constant               
                     
Dissociation equilibrium constant 

                     
Chemical Equilibrium Constant 

Dielectric constant                 

 
Pairwise      
Pairwise addition               

 
Condensed      
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Retrograde condensation 
Quadra pole            

 
Random state              
Reference  state            
Excluded-volume                 

                          
Hard-sphere excluded volume 

Solubility       
Solute         

 
Vacuum    
Electroneutrality                

                                 
Local electroneutrality 

Mixing  properties               

                  
Partial molar properties 
Thermal Properties              
            
Volumetric properties 

( )                      
Configurational properties 

 
                                    -                

Isothermal total-pressure 

                                     -                 
Isobaric boiling point data 

Like-ion repulsion                      

                        
Cohesive energy density 

Degree of freedom             
Deshmukh and Mather                
Consulate temperature             
Phase diagram               
Dipole      
Degeneracy          
Molecular dynamic                 
Permanent dipole               

 
Fusion     

 
Correlation                         
Infinite dilution              

                                   
Integral method or area test 

                 
Measurement method 

                 
Differential method 

(   )                                 
Dynamic method / recirculation of flow 

Static VLE method                         
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Maximum term approach 

                               

Dew point / or Bubble point Method 

Quantum method               

 
Biochemical               

 
Configurational         

                      

Thermodynamic consistency 

System                     
Site      
Reversible cell            
Pressure transducer             
Super critical fluids                    
Normal fluids              
Electroneutrality             
Composite system             

 
Pseudo  critical             
Quasi crystallise           
Hard  core radius                
Physical chemistry             

 
Solubility  product            

                   

Practical osmotic coefficient  

                      
Mean  activity coefficient 

                     
Coefficient of thermal expansion 

Acentric factor               
                    
Compressibility factor 

Permittivity       ( )                

( )                         
Activity coefficient   

Fugacity coefficient                

                ( )                  
Absolute permittivity 

               Nonrandomness  

Virial coefficient              

 
Spectroscopy         
Debye length           

 
Ionic valance                  
                     
Special heat capacity  
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Boltzmann  factor               
Combination factor              

Nonrandom  factor                   
Polarization factor             
               
Maximum term approach 

Avogadro's number               
Faraday             
Cordination number            
Practical                   

 
                   

Semi  permeable membrane 

Nonrandomness             

 
Food  Processing             

Postulate         
Osmotic  Pressure             
Compression       
Free space            
Fugacity           
Lewis fugacity                 

 
Amagat’s law               

Combining rule               
Phase rule            

                          
Inverse-square law 

Henry’s law             

                                
Symmetric  normalization convention   

                                  
Unsymmetric  normalization convention   

Ionic  Strength            
Collision diameter             
Segment                 
Cage     
Mixing rules               

 
Cation        
Completely random              
                    
Freezing  point depression 

Carbomate         
Hard sphere             
Charged  hard sphere                     
                 
Effective mole fraction 

                       
Effective local mole fraction 

Clausius-clapeyron       -          
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Kent-Eisenberg    -          

 
Degasing          
Polluted  Gases                
Drilling  mud           
True  Species                
Apparent  Species                

 
                  

Hypothetical  pure fluid 

Intensive variable               
Extensive variable               
Associated       
Lattice ensemble              
Surrounding      
Ideal  solution                   
Perfect solution             
Nonathermal solution               
Athermal solution                    
Association solution              
Ideal  mixing                       
Ideal gas mixture                      
Model mixture            

                          
Pitzer ion- interaction model 

Primitive model              

                          
Wilson  local composition model 

                           

Non  Random Two Liquid (NRTL)  

Hard sphere model               
Meissner model             
Primitive  models                 

                                         

Specific ionic interaction of Guggenheim   

                     
Local composition models 

                                     
Electrolyte local composition models 

Chemical models                 
Physical models                

                    
Born approximation contribution 

Euler equation               
                      
Gibbs fundamental equation 

Equation of State              

                           
Non cubic Equation of State 

( )                              
Statistical Equation of State 

                            
Two-suffix  Marguls equation     
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             -       
Gibbs-Duhem equation 

            -         
Gibbs-Helmholtz equation. 

               
Characteristic equation 

Nernst equation               
Rational                  
Statistical mechanics               
Permanent dipole                     
Spinodal                    
Binodal                

                                           
Upper and lower consulate temperature 

Molarity           
Molality         
Monte Carlo             
Condensation       

 
  )                                       (  

Incipient instability   

Nearest neighbors                    

            -      -       

Pitzer   –  Debye - Hückel 

Single fluid theory                  

                       
Corresponding state theory  

                -       
Debye   –  Hückel limiting law 

           -       

Debye    -  Hückel theory 

                               
Molecular theory of corresponding state 

Van Laar theory              
Diffusivity      
Critical point              
Bubble point             (  )           
Triple point              
Azeotrope Point                
Mineral  salt               
Induction force               

                       
Electrostatic forces   

                         
Intermolecular force   

Short range forces                     
Long range forces                    
Dispersion force                 
Attractive forces                
Repulsive forces                
Coulombic Forces                 
London force               

                      
Weak nuclear forces   
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Strong nuclear forces 

( )                          

Chemical or specific forces 

 
     -            

Salting-in ,  salting-out 

  

  

  

  

  

  

  

  

  

  

  

  

  

 
                          

Hexamethyle disiloxane 

 
Common ion            
Counter ions               





 

 

 
 
 
 
 
 
 
 

       
  

  

A 
Absolute permittivity 

   ( )  

Acentric factor               
Activity   ( )                   
Activity coefficient 

( )   

Amagat’s law               
Amorphous       
Analytically        
Anion       
Apparent  Species                

Associated       
Association solution              
Athermal solution                    
Attractive forces                
Avogadro's number               

Azeotrope Point                

B 

Binary interaction parameter 

                           
Binodal                
Biochemical               
Boltzman’s constant               
Boltzmann entropy                  
Boltzmann  factor               
Born approximation contribution 

                    
Brönsted theory                
Bubble point  )                  (     
Bulk      

C 
Cage     
Canonical partition function 
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Carbomate         
Cation        
Change of Gibbs energy formation 

                            
Characteristic equation               
Charged  hard sphere                     
Chemical Equilibrium Constant 

                     
Chemical models                 
Chemical or specific forces 

( )                          
Clausius-clapeyron        -          
Coefficient of thermal expansion 
                      
Cohesive energy density 

                        
Collision diameter             
Combination factor              

Combinatorial        
Combinatorial analysis                
Combining rule               
Common ion            
Completely random              
Complex  electrolyte                   
Composite system             
Composition       
Compressibility factor 

                    

Compression       
Condensation       
Condensed      
Configurational         
Configurational properties 

( )                      
Consulate temperature             
Cordination number            
Correlation       
Correlation                         
Corresponding  state theory 

                       
Corresponding state theory 

                       
Coulombic forces                 
Counter ions               

Critical point              
Crystallization ( )                     

D 
Data reduction               
Debye   –  Hückel limiting law 

                 -       

Debye    -  hückel theory 

             -       
Debye length           
Degasing          
Degeneracy          
Degree of freedom             



599        

 

Departure function              
Deshmukh and Mather                
Dew point / or Bubble point Method 

                               
Dielectric constant                 
Differential method                 
Diffusivity      
Dipole      
Dispersion force                 
Dissociation equilibrium constant 
                     

Drilling  mud           
Dynamic method / recirculation of flow 

(   )                                 

E 
Effective local mole fraction  

                       
Effective mole fraction 

                 
Electrochemical  potential (emf) 

                       
Electrolyte local composition models 

                                       
Electroneutrality                
Electroneutrality             
Electrostatic forces                        
Enthalpy function               

Equation of State              

Euler equation               
Exact function            

Excess  function               
Excluded-volume                 
Exp-6 potential                    
Extensive variable               
Extrapolation          

Extremum              

F 

Faraday             
Flory - Huggins lattice theory 

                     -         

Food  Processing             
Free space            
Freezing        
Freezing  point depression 

                   

Fugacity           
Fugacity coefficient                
Fusion     

G 

Geothermal  energy                     

Gibbs energy function                   
Gibbs fundamental equation 
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Gibbs-Duhem equation 

              -       
Gibbs-helmholtz equation 

             -         
Guggenheim quasi chemical theory 

                              

H 

Hard  core radius                
Hard sphere             
Hard sphere model               
Hard sphere theory                 
Hard-sphere excluded volume 

                          

Hard-sphere potential                   
Helmholz function              
Henry’s law             

Hexamethyle disiloxane 

                          
Hypothetical  pure fluid 
                  

I 
Ideal gas mixture                      
Ideal gas potential                        
Ideal mixing                 
Ideal  mixing                       
Ideal  solution                   
Incipient Instability   

  )                                       (  
Individual      
Induction        
Induction force               
Infinite dilution              
Integral method or area test 

                                   
Intensive variable               
Interchange energy                   
Intermolecular force   

                         

Intermolecular Potential Energy Function 

                                      
Inverse-square law   

                          

Ionic  Strength            
Ionic valance                  
Isobaric boiling point data 

                                     -               
Isobaric VLE              -                     
Isopiestic                      
Isothermal compressibility 

                     
Isothermal Total - Pressure 

                                    -                

Isothermal VLE                      -                

K 

Kent-Eisenberg     -         



601        

 

Kihara potential                 

L 
Lattice ensemble              
Lattice theory               
Legendre transformation               
Lewis fugacity                 
Light scattering              
Like-ion repulsion                      
Liquid-liquid equilibria             -      
Local  composition              
Local composition models 

                     

Local electroneutrality 
                                 

London force               
Long range forces                    

M 

Maximum term approach 
                   

Maximum term approach               

Mean  activity coefficient 
                      

Measurement method 
                 

Meissner model             
Mineral  salt               
Miscible                

Mixing change properties 

                     
Mixing energy              
Mixing  properties               

Mixing rules               
Model mixture            
Molality         
Molarity           
Molecular beam scattering 

                    
Molecular dynamic                 
Molecular theory of corresponding state 

                               

Monte Carlo             

N 
Nearest neighbors                    
Nernst equation               
Non cubic Equation of State 

                           

Non  Random Two Liquid (NRTL)  

                           

Nonathermal solution               
Nonrandom  factor                   
Nonrandomness               

Nonrandomness             
Normal fluids              
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O 

One-fluid  theory                 

Orientation forces               
Osmotic  Pressure             

P 
Pairwise      
Pairwise addition               
Partial miscible                   

Partial molar properties                       

Perfect solution             
Permanent dipole               
Permanent dipole                     
Permittivity ( )                      
Phase diagram               
Phase rule            
Physical chemistry             
Physical models                
Pitzer   –  debye - hückel 

             -       -       

Pitzer ion- interaction model 

                          

Point charge             
Poisson - boltzmann              -          
Polarization factor             
Polluted  Gases                
Polydimethyle siloxane 

                       

Polystyrene            
Postulate         
Potential function               
Poynting correction                 
Practical                   
Practical osmotic coefficient  

                  
Pressure transducer             
Primitive model                
Primitive  models                 

Pseudo  critical             

Q 

Quadra pole            
Quantum method               
Quasi crystallise           

R 

Random state              
Rational                  
Reference  state            
Regular solution theory 

                           
Relative function            
Repulsive forces                
Residual        
Residual function or departure function 

                                  

Retrograde condensation                
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Reversible cell            
Rigorous                           

S 

Salting-in ,  salting-out      -            
Saturated       
Segment                 
Semi  permeable membrane 

                  
Short range forces                     
Single fluid theory                  
Site      
Soft Sphere potential                   
Solid-liquid equilibria             -       
Solubility       
Solubility parameter                
Solubility  product            

Solute         
Special heat capacity                     
Specific ionic interaction of Guggenheim  

                                         

Spectroscopy         
Spinodal                    
State function            
Static VLE method                         
Statistical Equation of State 

( )                              

Statistical mechanics               

 

Statistical thermodynamic 
                   

Sterling approximation                 
Stock Mayer potential                       
Streically hindered amine 

                           

Strong  electrolyte                   
Strong nuclear forces                      
Sublimation       
Substitution approximation 

                
Super critical fluids                    
Surrounding      
Sutherland potential                  
Symmetric  normalization convention   

                                

System                       

T 
Thermal Properties              
Thermodynamic consistency 

                      
Thermodynamic probability 

                     
Triple point              
True  Species                
Two-fluid  theory                               
Two-liquid theory               
Two-suffix  Marguls equation     
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U 

Universal function             
Universal Quasi Chemical theory 

  (  )                                             
Unsymmetric  normalization convention   

                                  
Upper and lower consulate temperature 

                                           

V 

Vacuum     
Van Laar theory              
Vapor liquid equilibria             -       
Vaporization       

Virial coefficient              
Volume shift               
Volumetric properties            

W 

Weak  electrolyte                 
Weak nuclear forces   

                      
Wilson  local composition model 

                          

Z 

Zero Guggenheim approximation 
                     

  

  



 
 
 
 

 
  

 
  

  347  

   267 268 269 271 369  

 104 105 106 108 109 110 

111 112 113 114 115 120 123 

124 159 160 182 183 244 248 

267 268 269 270 271 274 275 

307 308 333 335 336 339 346 

348 353 355 358 359 368 369 

371 374  

 73 349 356  

 43 53 54 61 67 70 125 147 

148 149 173 180 182 183 191 

194 195 196 244 247 279 321 

340 374 449 464 465 494 525 

536 537 542 544 546 549 564  

  10 14 30  

        477 516 

518 562  

  149 194  

 84 109 110 112 113 135 

147 184 185 187 188 189 190 

191 194 195 251 252 253 255 

256 257 258 259 260 261 262 

264 265 266 271 276 277 278 

279 281 284 285 286 287 288 
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