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1. [35 points] Ethylene oxide is a widely used feedstock in chemical synthesis produced at rates of over 20 

million tonnes per year. It can be produced by the oxidation of ethylene under a silver catalyst. This reaction also 

competes with the complete combustion of ethylene. A block diagram for an ethylene oxide plant is shown 

below, with the species indicated in each stream along with the reaction for the synthesis of ethylene oxide 

from ethylene. 

 

 

a) If the single pass conversion of ethylene is 40% when considering only the desired reaction for producing 

ethylene oxide, what is the exiting flow of ethylene oxide from the reactor (in kmol/s)? [5 points] 

 

b) Considering both the desired and undesired combustion reaction now, the selectivity of ethylene oxide 

to CO2 formed is 2.28. What is the exiting flow of CO2 from the reactor (in kmol/s)? [10 points] 

 

c) If the ethylene oxide (EO) scrubber removes 10% of the entering ethylene (E) and the CO2 scrubber 

removes 90% of the entering CO2, what is the molar recycle ratio (flow of recycle/flow of fresh feed) for 

this process? [20 points] 

 

  



2. [30 points] Oil extracted from a well may contain a significant amount of water. This water is typically 

removed in a 3 phase separator which splits the entering stream into 2 liquid streams and a gas stream. To 

simplify this system, we will assume the entering stream contains only water (H2O), n-butane (C4H10) and n-

octane (C8H18) and that the streams exit the separator at equilibrium. You may also assume that water and 

octane are not miscible. Make sure to list any other assumptions that you make. The following information is 

given: 

Unit operates at 60°C 

MWwater = 18 g/mol,  MWbutane = 58 g/mol,  MWoctane = 114 g/mol 

p*water = 149.61 mmHg,   p*butane = 6.382 bar 

Hbutane(60°C) = 0.000403 molbutane/(kgwater*bar) 

Kc (mass fractions @ 60°C) =
(𝑤𝑏𝑢𝑡𝑎𝑛𝑒)𝑜𝑐𝑡𝑎𝑛𝑒 𝑝ℎ𝑎𝑠𝑒

(𝑤𝑏𝑢𝑡𝑎𝑛𝑒)𝑤𝑎𝑡𝑒𝑟 𝑝ℎ𝑎𝑠𝑒
= 85.7 

Component Antoine Constants 

Log10p*=[A-B/(T+C)], p* (bar) and T (K) 

 A B C 

Octane 4.049 1355 -63.63 

 

a) What is the vapour pressure of octane? [5 points] 

 

b) What is the molar composition of the gas phase? [10 points] 

 

c) What is mass fraction of all components in the liquid water phase? [10 points] 

 

d) What is the mass fraction of all components the octane rich liquid? [5 points] 

  



3. [35 points] Catalytic converters are used in cars to oxidize emission compounds in order to make them less 

toxic. A similar process may be used in a chemical plant to clean up emissions. A waste gas contains 0.5 mol% 

C3H8 (propane), 8.5 mol% CO2, 4 mol% O2, 10 mol% H2O and the remainder inert nitrogen (N2). In order to try to 

remove the propane, it undergoes complete combustion with a catalyst and can be modeled as a reversible 

reaction. This reaction is undertaken at 1 atm. 

a) Is there excess oxygen, if so, what is the % excess of oxygen? [5 points] 

 

b) Write out a formula for the equilibrium constant (Ke) in terms of the pressure (P), reaction extent (E) and 

molar feed (no
C3H8, no

CO2 no
O2, no

H2O, no
N2) of each compound. Simplify the expression algebraically as 

much as possible. Note that you should not need to perform any calculations for this. [15 points] 

 

c) A conversion of 95% of propane from the combustion reaction is achieved. Following this, the remaining 

propane is removed using an adsorption bed at the same pressure containing 1 tonne activated carbon. 

Laboratory experiments were undertaken to model the adsorption of propane and gave the results 

found below, given this how many kilograms of propane can this bed remove? [15 points] 

X* (gC3H8/100gactivated carbon) = K’ pC3H8   where  K’ = 67 gC3H8*kPa/100gactivated carbon  

       K’ = 67 gC3H8 /(kPa*100gactivated carbon) 

  



Conversion factors 
 

Mass 

1 kg = 1000 g = 0.001 metric ton (tonne) = 2.20462 lbm = 35.27392 oz 

1lbm = 16 oz = 5 x 10-4 ton = 453.593 g = 0.453593 kg 
 

Length 

1 m = 100 cm = 1000mm = 106 microns (μm) = 1010 Angstroms (Å) = 39.37 in = 3.2808ft = 1.0936 yd  

= 0.0006214 mile 

1ft = 12 in = 1/3 yd = 0.3048 m = 30.48 cm 

 

Volume  

1 m3 = 1000 L = 106 cm3 = 106 mL = 35.3145 ft3 = 219.97 imperial gallons = 264.17 gal = 1056.68 qt 

1 ft3 = 1728 in3 = 7.4805 gal = 29.922 qt = 0.028317 m3 = 28.317 L 

 

Density 

1 g/cm3 = 1000 kg/m3 = 62.43 lbm/ft3 = density of liquid water at 4°C (for reference specific gravities) 

 

Force 

1 N = 1 kg·m/s2 = 105 dynes = 105 g·cm/s2 = 0.22481 lbf  

1 lbf = 32.174 lbm·ft/s2 = 4.4482 N = 4.4482 x 105 dynes 

 

Pressure 

1 atm = 1.01325 x 105 N/m2 (Pa or kg/m·s2)  =101.325 kPa = 1.01325 bar = 1.01325 x106 dynes/cm2  

= 14.696 lbf/in2 (psi) = 760 mmHg at 0°C (torr) = 10.333 m H2O(l) at 4°C = 29.921 inches Hg at 0°C  

= 406.8 inches H2O(l) at 4°C 

 

Energy 

1 J = 1 N·m = 1 kg·m2/s2 = 107 ergs = 107 dyne·cm = 1 kg·m2/s2 = 2.778 x 10-7 kW·h = 0.23901 cal  

= 0.23901 x 10-3 kcal (food calorie) = 0.7376 ft·lbf = 9.486 x 10-4 Btu 
 

Power 

1 W = 1 J/s = 1 N·m/s = kg·m2/s3 = 0.23901 cal/s = 0.7376 ft·lbf/s = 9.486 x 10-4 Btu/s = 1.341 x 10-3 hp  
 

Temperature 

T (K) = T (°C) + 273.15 

T (°R) = T (°F) + 459.67 

T (°R) = 1.8·T (K) 

T (°F) = 1.8·T (°C) + 32 
 

Weight equation: W = mg 

At earth’s surface: g = 9.81 m/s2 or 32.174 ft/s2 

1 N= 1 kg·m/s2 

1 lbf = 32.174 lbm· ft/s2 

 

Ideal Gas Constant 

R = 8.314 J K−1 mol−1 = 8.314 L kPa K−1 mol−1 = 8.314×10−2 L bar K−1 mol−1 = 62.36 L Torr K−1 mol−1 = 1.987 cal 

K−1 mol−1 = 0.08206 L atm K−1 mol−1= 10.73 ft3  psi °R−1 lbmol−1 

 

Moles 

Avogadro’s constant = 6.022 x 1023 molecules/mol 



Data Representation and Analysis 

 

Linear Interpolation:  𝑦 = 𝑦1 +
𝑥−𝑥1

𝑥2−𝑥1
(𝑦2 − 𝑦1) 

Linear equations: 𝑦 = 𝑎𝑥 +b;  𝑠𝑙𝑜𝑝𝑒 = 𝑎 =
𝑦2−𝑦1

𝑥2−𝑥1
 ;   𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 = 𝑏 = 𝑦1 − 𝑎𝑥1 = 𝑦2 − 𝑎𝑥2 

Exponent rules 

Quotient rule: 𝑙𝑜𝑔𝑐(𝑃/𝑄) = 𝑙𝑜𝑔𝑐(𝑃) − 𝑙𝑜𝑔𝑐  (𝑄) 

Power rule: 𝑙𝑜𝑔𝑐(𝑃𝑄) = 𝑄 𝑙𝑜𝑔𝑐(𝑃) 

Base switch rule: 𝑙𝑜𝑔𝑐(𝑏) = 1/ 𝑙𝑜𝑔𝑏(𝑐) 

Base change rule: 𝑙𝑜𝑔𝑏(𝑥) = 𝑙𝑜𝑔𝑐(𝑥)/ 𝑙𝑜𝑔𝑐(𝑏) 

Other identities: 𝑃 = 𝑒𝑄 ⟺ ln 𝑃 = 𝑄;    ln (𝑒𝑄) = 𝑄;    𝑒ln 𝑃 = 𝑃 

Density  

 

 𝜌 =
𝑚

𝑉
=

1

𝑉𝑚̂
; Note that 𝑉̂𝑚 is specific volume   𝑆𝐺 =

𝜌

𝜌𝑅𝐸𝐹
 

 

where ρREF = 1 g/cm3 for solids and liquids (water at 4°C); ρREF = 1.2 kg/m3 for gases (Air at 293 K, 1 atm) 

 

Ideal gas law - 𝑃𝑉 = 𝑛𝑅𝑇;  Molar volume for ideal gasses: 𝑉𝑛̂ =
𝑉

𝑛
=

𝑅𝑇

𝑃
  

 

Composition 

 

Mole fraction: 𝑥𝑖 =
𝑛𝑖

∑ 𝑛𝑖𝑖
;  mole percent = 100% * xi 

Mass fraction: 𝑤𝑖 =
𝑚𝑖

∑ 𝑚𝑖𝑖
;  mass percent = 100% * wi 

 

Converting between mass and mole fraction: 𝑤𝑖 =
𝑥𝑖𝑀𝑖

∑ 𝑥𝑖𝑀𝑖𝑖
  𝑥𝑖 =

𝑤𝑖/𝑀𝑖

∑ 𝑤𝑖/𝑀𝑖𝑖
 

 

Molarity = [moles/Ltotal]    Molality = [moles/kgsolvent] 

 

By mass (typical for liquids) -  Parts per million (ppm) = wi x 106 = (mgi/kgtotal)  

    Parts per billion (ppb) = wi x 109 = (µgi/kgtotal) 

 

By volume (typical for gases) -  Parts per million (ppm) = yi x 106 = (mLi/m3
total)  

     Parts per billion (ppb) = yi x 109 = (µLi/m3
total) 

 

Mass/molar ratios – e.g. 1:5 CH4:H2O means 1 methane per 5 waters 

Average molecular weight of a mixture -  With mole fractions: 𝑀̅ = ∑ 𝑦𝑖𝑀𝑖𝑖   

With mass fractions: 
1

𝑀̅
= ∑

𝑤𝑖

𝑀𝑖
𝑖  

 

 



Pressure 

 

Gauge to absolute conversion: Pgauge = Pabsolute - Patmospheric 

 

Manometer equation:  P =  𝑃𝑜  +  𝜌𝑔(ℎ𝑜 − ℎ) 

 

Solution process 

 

1. Create a list for all assumptions 

2. Choose a basis of calculation 

3. Draw a flowchart and label all known and unknown variables 

4. Express what the problem statement wants in terms of your unknown variables 

5. Convert all quantities to the same basis (dimensions) 

6. Do a degree-of-freedom analysis 

7. Solve equations 

8. Check solutions by back substitution 

9. Solve additional equations for problem statement  

10. Scale basis of calculation 

 

Equations 

 

General Balance: Input + Generation – Output - Consumption = Accumulation 

 

Degrees of Freedom Analysis: ndf= nunknowns – nindep eqns 

 

Fractional excess: 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑒𝑥𝑐𝑒𝑠𝑠 𝑜𝑓 𝐴 =  
(𝑛𝐴)𝑓𝑒𝑒𝑑−(𝑛𝐴)𝑠𝑡𝑜𝑖𝑐ℎ

(𝑛𝐴)𝑠𝑡𝑜𝑖𝑐ℎ
 

 

Fractional conversion: 𝑓 =
𝑚𝑜𝑙𝑒𝑠 𝑟𝑒𝑎𝑐𝑡𝑒𝑑

𝑚𝑜𝑙𝑒𝑠 𝑓𝑒𝑑
 and percent conversion: % 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 =  𝑓 × 100% 

 

Mole balance on a species: 𝑛𝑖 = 𝑛𝑖0 + 𝜐𝑖𝜉 

 

Equilibrium constant for reaction aA + bB ↔ cC + dD : 𝐾(𝑇) =  ∏ 𝑎𝑖,𝑒𝑞
𝑣𝑖

𝑖 =
[𝑎𝑐,𝑒𝑞]𝑐[𝑎𝐷,𝑒𝑞]𝑑

[𝑎𝐴,𝑒𝑞]𝑎[𝑎𝐵,𝑒𝑞]𝑏 

 

Where activity is:  ai ≈ yiP/(1 atm) for gases,  ai ≈ xi for liquids, ai ≈ 1 for pure solids 

 

Yield: 
𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑑𝑒𝑠𝑖𝑟𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑓𝑜𝑟𝑚𝑒𝑑

𝑚𝑜𝑙𝑒𝑠 𝑡ℎ𝑎𝑡 𝑤𝑜𝑢𝑙𝑑 𝑏𝑒 𝑓𝑜𝑟𝑚𝑒𝑑 𝑖𝑓 𝑡ℎ𝑒𝑟𝑒 𝑤𝑒𝑟𝑒 𝑛𝑜 𝑠𝑖𝑑𝑒 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛𝑠
× 100% 

 

Selectivity: 
𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑑𝑒𝑠𝑖𝑟𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑓𝑜𝑟𝑚𝑒𝑑

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑢𝑛𝑑𝑒𝑠𝑖𝑟𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑓𝑜𝑟𝑚𝑒𝑑
 

 

Overall conversion: 
𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡 𝑖𝑛𝑝𝑢𝑡 𝑡𝑜 𝑝𝑟𝑜𝑐𝑒𝑠𝑠−𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡 𝑜𝑢𝑡𝑝𝑢𝑡 𝑓𝑟𝑜𝑚 𝑝𝑟𝑜𝑐𝑒𝑠𝑠

𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡 𝑖𝑛𝑝𝑢𝑡 𝑡𝑜 𝑝𝑟𝑜𝑐𝑒𝑠𝑠
 

 

Single-pass conversion: 
𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡 𝑖𝑛𝑝𝑢𝑡 𝑡𝑜 𝑟𝑒𝑎𝑐𝑡𝑜𝑟−𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡 𝑜𝑢𝑡𝑝𝑢𝑡 𝑓𝑟𝑜𝑚 𝑟𝑒𝑎𝑐𝑡𝑜𝑟

𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡 𝑖𝑛𝑝𝑢𝑡 𝑡𝑜 𝑟𝑒𝑎𝑐𝑡𝑜𝑟
 



 

Stack gasses - Wet basis (includes water), Dry basis does not include water 

 

Theoretical oxygen: moles of O2 needed for complete combustion of all fuel fed to reactor producing only CO2 

(from carbon), H2O (from hydrogen) and SO2 (from sulphur). 

 

Theoretical air: quantity of air that contains the theoretical oxygen, air is 21% oxygen and has a MW of 29 g/mol 

 

Excess Air/O2: amount by which the air/O2 fed into the reactor exceeds the theoretical air/O2. 

 

Percent excess air: 
(𝑚𝑜𝑙𝑒𝑠 𝑎𝑖𝑟/𝑂2)𝑓𝑒𝑑−(𝑚𝑜𝑙𝑒𝑠 𝑎𝑖𝑟/𝑂2)𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙

(𝑚𝑜𝑙𝑒𝑠 𝑎𝑖𝑟/𝑂2)𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙
× 100% 

 

Degrees of Freedom Calculations  

Molecular Species DOF 

+ # unknowns 

+ # independent chemical reactions 

- # independent species balances 

- # other equations relating unknowns 

= DOF 

 

Atomic Species DOF 

+ # unknowns 

- # independent atomic species balances 

- # independent molecular species balances on non-reacting species (includes inerts) 

- # other equations relating unknowns 

= DOF 

 

Reaction Extent DOF 

+ # unknowns 

+ # independent reactions (1 unknown ξ for each reaction) 

- # independent reactive species (1 equation with ξ involved for each reactive species) 

- # independent molecular species balances on non-reacting species (includes inerts) 

- # other equations relating unknowns 

= DOF 

 

Special case: splitters – all material balances reduce to 1 independent equation 

 

  



Chapter 5/6 – Phase Equilibrium 

Density of Mixtures: by volume additivity  
1

𝜌̅
= ∑

𝑤𝑖

𝜌𝑖

𝑛
𝑖=1   by simple average 𝜌̅ = ∑ 𝑤𝑖

𝑛
𝑖=1 𝜌𝑖 

Ideal Gas Law:   𝑃𝑉 = 𝑛𝑅𝑇  or  𝑃𝑉̇ = 𝑛̇𝑅𝑇  or  𝑃𝑉̂ = 𝑅𝑇  

Error on the ideal gas equation is less than 1% if:  𝑉̂𝑖𝑑𝑒𝑎𝑙 =
𝑅𝑇

𝑃
>

5𝐿

𝑚𝑜𝑙
. 𝑜𝑟

80𝑓𝑡3

𝑙𝑏𝑚𝑜𝑙
 (𝑑𝑖𝑎𝑡𝑜𝑚𝑖𝑐 𝑔𝑎𝑠𝑠𝑒𝑠) 

       𝑉̂𝑖𝑑𝑒𝑎𝑙 =
𝑅𝑇

𝑃
>

20𝐿

𝑚𝑜𝑙
. 𝑜𝑟

320𝑓𝑡3

𝑙𝑏𝑚𝑜𝑙
 (𝑜𝑡ℎ𝑒𝑟 𝑔𝑎𝑠𝑠𝑒𝑠) 

Standard Temperature (0 °C) and Pressure (1 atm): 𝑉̂𝑠 = 22.4
𝑚3(𝑆𝑇𝑃)

𝑘𝑚𝑜𝑙
= 22.4

𝐿(𝑆𝑇𝑃)

𝑚𝑜𝑙
= 359

𝑓𝑡3(𝑆𝑇𝑃)

𝑙𝑏𝑚𝑜𝑙
 

Ideal gas mixtures  Partial pressure: 𝑝𝐴 = 𝑦𝐴𝑃   and Dalton’s Law: 𝑃 = ∑ 𝑝𝑖
𝑛
𝑖=1 = 𝑝𝐴 + 𝑝𝐵 + ⋯ 

   Partial volume: 𝑣𝐴 = 𝑦𝐴𝑉   and Amgat’s Law: 𝑉 = ∑ 𝑣𝑖
𝑛
𝑖=1 = 𝑣𝐴 + 𝑣𝐵 + ⋯ 

Reduced Properties Temperature: 𝑇𝑟 = 𝑇 𝑇𝑐⁄   Pressure:: 𝑃𝑟 = 𝑃 𝑃𝑐⁄  

Virial equation of state:  
𝑃𝑉̂

𝑅𝑇
= 1 +

𝐵

𝑉̂
+

𝐶

𝑉̂2 +
𝐷

𝑉̂3 + ⋯ 

1-term approximation of Virial equation of state: 
𝑃𝑉̂

𝑅𝑇
= 1 +

𝐵𝑃

𝑅𝑇
 where 𝐵 =

𝑅𝑇𝑐

𝑃𝑐
(𝐵0 − 𝜔𝐵1) 

𝐵0 = 0.083 −
0.422

𝑇𝑟
1.6   𝐵1 = 0.139 −

0.172

𝑇𝑟
4.2  

Van der Waals equation of state:  𝑃 =
𝑅𝑇

𝑉̂−𝑏
−

𝑎

𝑉̂2  where: 𝑎 =
27𝑅2𝑇𝑐

2

64𝑃𝑐
 𝑏 =

𝑅𝑇𝑐

8𝑃𝑐
 

Compressibility factor equation of state: 𝑃𝑉 = 𝑧𝑛𝑅𝑇 or   𝑃𝑉̂ = 𝑧𝑅𝑇 

Gibb’s phase rule: DF = 2 + c – Π – r 

• DF [=] degrees of freedom (# intensive variables that can be specified) 

• c [=] number of independent chemical species 

• Π [=] number of phases in a system at equilibrium 

• r [=] number of independent equilibrium chemical reactions among the species 

Vapour-Liquid Equilibrium 

Clapeyron equation 
𝑑𝑝∗

𝑑𝑇
=

Δ𝐻̂𝑣

𝑇(𝑉̂𝑔−𝑉̂𝑙)
  

Clausius-Clapeyron eqn: 
𝑑(ln 𝑝∗)

𝑑(1
𝑇⁄ )

=
∆𝐻̂𝑣

𝑅
 Assuming P is low so that 𝑉̂𝑔 − 𝑉̂𝑙 = 𝑉̂𝑔 and Δ𝐻̂𝑣 independent of T 

Integrating, we get: ln 𝑝∗ =
−∆𝐻̂𝑣

𝑅𝑇
+ 𝐵 or  ln(𝑝1

∗/𝑝2
∗) =

−∆𝐻̂𝑣

𝑅
(

1

𝑇1
−

1

𝑇2
) 



Antoine eqn: 𝑙𝑜𝑔10𝑝∗ = 𝐴 −
𝐵

𝑇+𝐶
 

Raoult’s Law: 𝑝𝑖 = 𝑦𝑖 × 𝑃 = 𝑥𝑖 × 𝑝𝑖
∗(𝑇) with 𝑝𝑖

∗(𝑇) meaning vapour pressure [𝑝𝑖
∗] is a function of temp. [T] 

Henry’s Law: 𝑝𝑖 = 𝑦𝑖 × 𝑃 = 𝑥𝑖/𝐻𝑖(𝑇)  

With 𝐻𝑖(𝑇) is the Henry’s Law constant for species i in a specific solvent and is a function of temperature [T] 

 

Relative Saturation (Relative Humidity): 𝑠𝑟(ℎ𝑟) =
𝑝𝑖

𝑝𝑖
∗(𝑇)

× 100% 

Molal Saturation (Molal Humidity): 𝑠𝑚(ℎ𝑚) =
𝑝𝑖

𝑃−𝑝𝑖
=

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑣𝑎𝑝𝑜𝑢𝑟

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 "𝑣𝑎𝑝𝑜𝑢𝑟 𝑓𝑟𝑒𝑒" (𝑑𝑟𝑦)𝑔𝑎𝑠
 

Absolute Saturation (Absolute Humidity): 𝑠𝑎(ℎ𝑎) =
𝑝𝑖𝑀𝑖

(𝑃−𝑝𝑖)𝑀𝑑𝑟𝑦
=

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑣𝑎𝑝𝑜𝑢𝑟

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑑𝑟𝑦 𝑔𝑎𝑠
 

Percentage Saturation (Percentage Humidity): 𝑠𝑝(ℎ𝑝) =  
𝑠𝑚

𝑠𝑚
∗ × 100% =

𝑝𝑖/(𝑃−𝑝𝑖)

𝑝𝑖
∗/(𝑃−𝑝𝑖

∗)
× 100% 

Bubble point temperature: 𝑃 = ∑ 𝑥𝑖𝑝𝑖
∗(𝑇𝐵𝑃)𝑛

𝑖=1 = 𝑥𝐴𝑝𝐴
∗ (𝑇𝐵𝑃) + 𝑥𝐵𝑝𝐵

∗ (𝑇𝐵𝑃) + ⋯ 

Bubble point pressure: 𝑃𝐵𝑃 = 1
∑

𝑦𝑖

𝑝𝑖
∗(𝑇𝐵𝑃)

𝑛
𝑖=1

⁄  

Dew point temperature: 𝑃 = ∑ 𝑥𝑖𝑝𝑖
∗(𝑇𝐷𝑃)𝑛

𝑖=1 = 𝑥𝐴𝑝𝐴
∗ (𝑇𝐷𝑃) + 𝑥𝐵𝑝𝐵

∗ (𝑇𝐷𝑃) + ⋯ 

Dew point pressure: 𝑃𝐷𝑃 = 1
∑

𝑦𝑖

𝑝𝑖
∗(𝑇𝐷𝑃)

𝑛
𝑖=1

⁄  

 

Colligative Properties 

Vapour pressure lowering: ∆𝑝𝑠
∗ = 𝑝𝑠

∗ − (𝑝𝑠
∗)𝑒 = 𝑥 × 𝑝𝑠

∗ 

Boiling point elevation: ∆𝑇𝑏 = 𝑇𝑏𝑠 − 𝑇𝑏0 =
𝑅(𝑇𝑏0)2

∆𝐻̂𝑣
𝑥 

Freezing point depression: ∆𝑇𝑚 = 𝑇𝑚0 − 𝑇𝑚𝑠 =
𝑅(𝑇𝑚0)2

∆𝐻̂𝑚
𝑥 

 

Liquid-Liquid Distribution coefficient or partition ratio: 𝐾 =
(𝑤𝐴)𝑝ℎ𝑎𝑠𝑒 1

(𝑤𝐴)𝑝ℎ𝑎𝑠𝑒 2
 

Adsorption 

Linear region: 𝑋𝑖
∗ = 𝐾𝑐𝑖 or  𝑋𝑖

∗ = 𝐾′𝑝𝑖 Where X* is in g adsorbate/g adsorbent 

Langmuir Isotherm: 𝑋𝑖
∗ =

𝑎𝐾𝐿𝑐𝑖

1+𝐾𝐿𝑐𝑖
 or 𝑋𝑖

∗ =
𝑎𝐾𝐿′𝑝𝑖

1+𝐾𝐿′𝑝𝑖
 Where a, K’s are fitted to data 


