AGS 2110 ASSIGNMENT 1
1. Exactly 1.40 g CaCl2.2H2O, 2.56 g NaCl, 1.73 g Ca (NO3)2, and 2.56 g CaSO4 are weighed out each subsample is transferred quantitatively in to a single 1 dm3 volumetric flask. Distilled water is added, the salts are allowed to dissolve completely and then additional water is added to bring the volume of the solution to exactly 1 dm3. Calculate the formal concentration of Ca2+, Na+, and NO3- in dimensions of mM.

Ca2+
Mass of Ca in CaCl2.2H2O
40 g Ca =  147 g CaCl2.2H2O
[bookmark: _GoBack]X          =  1.40 g CaCl2.2H2O
X           0.381 g Ca

Mass of Ca in 1.73 g Ca(NO3)2
40 g Ca = 164 Ca(NO3)2
X          = 1.73 Ca(NO3)2
X             0.422 g Ca

Mass Ca in CaSO4
40 g Ca = 136 g CaSO4
X         = 2.56 g CaSO4
X         0.753 g Ca

Total mass of Ca
= 0.38 g + 0.422 g + 0.753g
= 1.557 g dissolved in 1 dm3

Moles = Mass/Molecular Weight
           = 1.557g/40 g/mole
           = 0.0389 moles; Final volume = 1 dm3
           = 0.0389 mols/dm3 = 0.0389 M; 1 M = 1000 mM
                 = 38.9 mM Ca

Na+
23 g Na+ = 58.5 g NaCl
X            = 2.56 g NaCl
X               1.0065 g Na+

Moles = Mass/Molecular Weight
           = 1.0065 g/23 g/mol
           = 0.0438 moles; Final volume = 1 dm3
           = 0.0438 mols/dm3 = 0.0438 M; 1 M = 1000 mM
                 = 43.8 mM Na+

NO3-
124 g NO3- = 164 g Ca (NO3)2
X               = 1.73 g Ca (NO3)2
X                  1.31 g NO3-

Moles = Mass/Molecular Weight
           = 1.31 g/62 g/mol
           = 0.0211 moles; Final volume = 1 dm3
           = 0.0211 mols/dm3 = 0.0211 M; 1 M = 1000 mM
                 = 21.1 mM NO3-

2. How many grams of a ‘caustic soda’ containing 75 % Na2O are required to prepare 14 cubic decimeters of a 0.75 M (molar) NaOH solution?
Equation for the chemical reaction
Na2O + H2O                  2NaOH
Moles = molarity x volume
          = 0.75 mol/dm3 x 14 dm3
          = 10.5 moles NaOH
Mole ratio of Na2O : NaOH = 1: 2
Therefore number of moles of Na2O = 5.25 moles
Moles = mass/molecular weight, mass = moles x molecular weight
           = 5.25 mols x 62 g/mol 
           = 325.5 g = mass of Na2O

           = 325.5 = 100 % pure
           = X       =  75 % Pure    Note: Inverse proportion
           X = 434 g = Mass of Na2O


3. Determine
a. Log of 383 = 2.583

b. Log 10 0f 383
= 10x = 383
= X log 10 = log 383
X = log 383/log 10
    = 2.583/1
    = 2.583

c. Log 7 of 383
= 7x = 383
= X log 7= log 383
X = log 383/log 7
    = 2.583/0.845
    = 3.057

d. pH when aH+ = 3.27 X 10-4
pH = - log (aH+)
pH = - log (3.27 X 10-4)
Therefore pH = 3.49

e. pH when aOH- = 4.03 X 10-8 at 25oC
pOH = - log (aOH-)
        = - log (4.03 X 10-8)
        = 7.795

 pOH = 14 – pH at room temperature
7.795 = 14 – pH
pH = 6.61


f. aH+ when pH = 8.87
8.87 = - log (aH+)
8.87 = - log (X)
X = antilog – 8.87
Therefore aH+ = 1 X 10-9


4. Calculate the approximate pH of the following solutions
a. 0.4 M HCl
pH = - log [H+]
      = - log 0.4
Therefore pH= 0.398

b. 0.008 M H2SO4 
pH = - log [H+]
                     = - log (2 X 0.008)
                 Therefore pH= 1.796
c. 0.05 m acetic acid in 0.1 M sodium acetate. (ki for HOAC = 1.8 X 10-5)
Concentration of acetic acid = 0.05 g/l
Molality = mass/volume; mass = molality x volume
              = 0.05 g/liter x 1 liter
              = 0.05 g

Mole = mass/molecular weight
         = 0.05 g/ 60.05 g/mol
         = 0.000833 mols; Volume = 1 liter
         = 0.000833M

pH = pka + log [H-]/[HA]
      = - log 1.8 X 10-5 + log 0.1/0.000833
      = 4.745 + 2.079
      = 6.824

OR
Ka = [H+] [A-]/[HA]
                  1.8 X 10-5 = X (0.1)/0.000833
                  X = 1.49 X 107 = Concentration of acid
pH = - log [H+]
                        = - log (1.49 X 10-7)
                 Therefore pH= 6.827
5. a. What is the oxidation number of the element N in NO3-, NO2-, NH4+, and NH3?

i. NO3-
N + (O x 3) = -1
N + (-2 x 3) = -1
N = -1 + 6
N = +5

ii. NO2-
N + (O x 2) = -1
N + (-2 x 2) = -1
N = -1 + 4
N = +3
iii. NH4+
N + (H x 4) = +1
N + (+1 x 4) = +1
N = +1 - 4
N = -3

iv. NH3
N + (H x 3) = 0
N + (+1 x 3) = 0
N = 0 - 3
N = -3

b. What elements are oxidized and reduced in each of the following reactions:
i. 5H2S + 2MnO4- + 6H+                         5S + 2Mn2+ + 8H2O

Oxidation number of S in H2S
(2 x H)  + S = 0
[2 x (+1)] + S = 0
2 + S = 0
S = -2


Oxidation number of S in S = 0

Therefore S has been oxidized as the oxidation number has increased from -2 to 0

Oxidation Number of Mn in MnO4-

Mn x (O x 4) = -1
Mn x (-2 x 4) = -1
Mn x (-8) = -1 + 8
Mn = +7

Oxidation Number of Mn in Mn2+ = +2

Therefore Mn has been reduced as the oxidation number has reduced from +7 to +2

ii. 5C2O42- + 2 MnO4- + 16H+                  10CO2 + 2Mn2+ + H2O

Oxidation number of C in C2O42-  
(C x 2) + (O x 4) = -2
2C + (-2 x 4) = -2
2C + (-8) = -2
2C = -2 +8
2C/2 = +6/2
C = +3

Oxidation number of C in CO2
C + (O x 2) = 0
C + (-2 x 2) = 0
C + (-4) = 0
C = +4

Therefore C has been oxidized as the oxidation number has increased from +3 to +4

Oxidation Number of Mn in MnO4-

Mn x (O x 4) = -1
Mn x (-2 x 4) = -1
Mn x (-8) = -1 + 8
Mn = +7

Oxidation Number of Mn in Mn2+ = +2

Therefore Mn has been reduced as the oxidation number has reduced from +7 to +2

6. Given the bulk density (b) of a soil is 1.3 Mg m-3, what is the weight of soil per hectare to a depth of 15 cm?
Mass = volume x density
         = Area x depth x density
         = length x width x depth x density
         = 100 m x 100 m x 0.15 m x 1.3 Mg/m3
         = 1 950 Mg
1 Mg = 1000 000 g
         = 1 950 000 000 g
         = 1 950 000 Kg

7. State the number of significant figures in each of the following numbers:
a. 275 = 3 significant figures 
b. 2.75 = 3 significant figures
c. 0.027500 = 5 significant figures
d. 27.500 = 5 significant figures


8. What weight of oven-dry soil is supplied by 10 g of air-dry soil containing 7.23 % moisture.

Og = Mass of wet soil – Mass of dry soil x 100
                     Mass of dry soil
         7.23 = 10 – X  * 100
                       X
         0.0723X = 10 – X
         0.0723X + X = 10
         1.0723X = 10      
         1.0723       1.0723
         X = 9.326

   Weight of oven-dry soil = 9.326

9. The following data shows how the density (D) of mercury varies with the absolute temperature (T). Plot these data, and from the resulting graph determine the mathematical equation that shows how D varies with T.

	T (K)
	263
	273
	283
	293
	303
	313

	D in Mg/s-3
	13.6201
	13.5955
	13.5908
	13.5262
	13.5217
	13.4971



Gradient = y1 – y2
                 x1 – x2
                        = 13.5955 - 13.5217
                     273 – 303
               = - 0.0025
Y = MX + C assume Y= D = 13.5217, X = T = 303
 13.5217 = (- 0.0025 x 303) + C
13.5217 = - 0.758 + C
C = 13.5217 + 0.758
   = 14.3
Therefore the mathematical equation that shows how D varies with T is:
Y = -0.0025X + 14.3
D = -0.0025T + 14.3


Relationship between density and temperature
y = -0.0026x + 14.3
R² = 0.9372
263	273	283	293	303	313	13.620100000000001	13.595499999999999	13.5908	13.526199999999999	13.521699999999999	13.4971	Temperature
Density
