ENV 404 “Hazardous Waste Management” Assignment Set #1 Solution. Mar 14, 2018.
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Cd(OH)2 
 Cd+2 + 2OH-

	OH-
	4x(OH-)2
	Solubility of Cadmium (mol/L)

	1E-14
	4E-28
	1.3325E+13

	1E-13
	4E-26
	1.3325E+11

	1E-12
	4E-24
	1332500000

	1E-11
	4E-22
	13325000

	1E-10
	4E-20
	133250

	0.000000001
	4E-18
	1332.5

	0.00000001
	4E-16
	13.325

	0.0000001
	4E-14
	0.13325

	0.000001
	4E-12
	0.0013325

	0.00001
	4E-10
	0.000013325

	0.0001
	0.00000004
	1.3325E-07

	0.001
	0.000004
	1.3325E-09

	0.01
	0.0004
	1.3325E-11

	0.1
	0.04
	1.3325E-13

	1
	4
	1.3325E-15


The solubility graph (of Cd+2 provided below between pH 5 and 9). Solubility of cadmium (mol per liter) depends on pH as you can see from the graph. The bold value provided above is for pH=7.
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Figure 1. Solubility of cadmium depending on pH
2. The following chemicals have the given Henry’s constants. Convert this constant into the dimensionless one. 

	Compound
	H ((atm*m3)/mol)
	RxT ((atm*m3)/mol)
	H’ (dimensionless)

	Benzene
	5.5x10-3
	0.024185
	0.2274

	Phenol
	1.01x10-2
	0.024185
	0.4176

	Ethyl benzene
	7.07x10-3
	0.024185
	0.2923

	Tetrachloroethylene
	1.25x10-2
	0.024185
	0.5168

	Ethylenedichromate
	7.96x10-4
	0.024185
	0.0329


Note: H is divided by the R*T value (which was provided above) for the temperature of 20 °C (293.15 K) to find dimensioneless Henry’s constant.  

3. log Koc = (0.681logBCF) + 1.963                        and        log Koc = (-0.55logS) + 3.64   Since maximum solubility is known, find logKoc first to find BCF values. The step by step solution was provided below:

	Compound
	S 
	log S
	logKoc
	BCF

	Ethylbenzene
	152 mg/L
	2.18184
	2.43999
	5.012

	Hexachloroethane
	42 mg/L
	1.62325
	2.74721
	14.18

	Pentachlorophenol
	14 mg/L
	1.14613
	3.00963
	34.43

	Thallium sulfate
	4880 mg/L
	3.68842
	1.61137
	3.283

	Vinyl chloride
	4270 mg/L
	3.63043
	1.64324
	2.948


 S: solubility (mg/L) in water. BCF stands for bioconcentration factor (L/kg).
4. One cubic meter container holds 50 grams of hydrogen. Determine the pressure in the system (temperature is 25 °C).

Hydrogen gas MW = 2 grams/mol. n=50/2 = 25 moles. Ideal gas law states that temperature, volume and number of moles are the determinants in the container. By using P*V = n*R*T (in this Formula P is pressure (Pascal); V is molar specific volume (m3/(g*mol)); R is molar ideal gas law constant (8.3144 Pa*m3/(g*mol) and T is absolute temperature (K)
P = (n*R*T)/V  = 0.04*(8.3144)*(298.15)/1 = 99.15 Pa = 0.00098 atm
5. Estimate the diffusion coefficient of methyl phenyl sulfide in water (t=25 C). 

C7H8S is the chemical formula of the compound.

Compute molal volume using LeBas method (D=5.06*10-7*T)/(μ*V0.6)
C: 7*14.8 = 103.6

H: 8*3.7 = 29.6

S: 1*25.6 = 25.6_________
Sum: 158.8 cm3/mol=V
D = (5.06*10-7*298.15)/(0.89*158.80.6) = 8.1*10-6 cm2/s
6. A + 3B         2C

1000 kg per hour rate. MWA=32 g and MWB = 2 g. 

30% conversion of A.

A is the limiting substance because B (2 grams) is 75% by weight. Therefore, theoretically for A 1000*0.25=250 kg is converted (or 250000/32=7812.5 moles per hour). For B, it is 1000*0.75=750 kg is converted (or 750000/2 = 375000 moles per hour). 3B is 375000 moles per hour (but A is the limiting substance again). 30% conversion of A means, only 0.30*250 = 75 kg of A is converted.
Total matter used to form C: 
(2343.75 moles A) + (3*2343.75 moles for B) = 9375 moles (total)
for 2C. C is 4687.5 moles per hour. 

2343.75 A + 7031.25 B       9375 C

2343.75*32 + 7031.25*2 = 9375*x
x = 9.5 grams per mole. This is the molecular weight of C. Check it: 9.5 grams per mole (molecular weight of C) is between 2 grams per mole (for B) and 32 grams per mole (for A). In addition, the value is close to 2 (more B is used compared to A). 
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