EXAM #1

EVE 410 – Process Chemistry

Fall 1999

Name___________________________________

1. How many protons are released from 2 (moles of phosphoric acid (H3PO4) assuming complete dissociation? (5 points)

a. 2 (moles of protons

b. 3 (moles of protons

c. 4 (moles of protons

d. 5 (moles of protons

e. 6 (moles of protons

2. How many moles of NaCl are present in 800 ml of a 2-M solution? (5 points)

a. 0.4 mole

b. 0.8 mole

c. 1.2 mole

d. 1.6 mole

e. 2.0 mole

3. One equivalent of H3PO4 is equal to how many moles of the same compound? (5 points)

a. 1 mole

b. 1/3 mole

c. 2/3 mole

d. 2 mole

e. 3 mole

4. 100 ml of 0.05 M H2SO4 is added to 400 ml of water.  What is the pH of this solution? (5 points)

a. 1.1

b. 1.3

c. 1.5

d. 1.7

5. Consider the following three acids: (15 points)

HOCl (aq) ( OCl- + H3O+

pKa = 7.55

HOBr (aq) ( OBr- + H3O+

pKa = 8.53

HOI (aq) ( OI- + H3O+

pKa = 10.53

a. Which of the following solutions has the lowest pH?  Which has the highest? (Qualitative answer, explain why for credit)

(a) 1.0 x 10-3 M HOCl

(b) 1.0 x 10-3 M HOBr

(c) 1.0 x 10-3 M HOI

b. Which of the following solutions has the lowest pH?  Which has the highest? (Qualitative Answer, explain why)

(a) 1.0 x 10-3 M NaOCl

(b) 1.0 x 10-3 M NaOBr

(c) 1.0 x 10-3 M NaOI

c. What is the pH of a HOBr solution if [OBr-/HOBr] = 1.0

6. What is the pH of pure water at 2(C (15 points)?

7. (15 points) Ammonia, NH3, is a base and will readily accept a proton in accordance with the following reaction




NH3(aq) + H2O ( NH4+(aq) + OH-
a. Calculate the equilibrium constant, K, for this reaction at 25(C.

b. If, at some time, pH = 9.0, [NH3] = 10-5, and [NH4+] = 10-6 M, is the reaction at equilibrium?  If not, in which direction is the reaction going?

8. (20 points) Phenol is a weak acid that is used as a wood preservative.  Assume you have a 10-3 M C6H5OH solution.

C6H5OH ( C6H5O + H+

Ka = 1.2 x 10-10
a. Draw the log[C] vs pH diagram.  Label all lines and x and y-axis.

b. What is the speciation at pH = 5 (estimate the concentration of all species)

c. Use the graph to determine the pH of water solution after the addition of the 10-3 M C6H5ONa.

d. Set up the system of equations and solve it to numerically determine the pH of a 10-3 M solution of C6H5OH.
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9. (15 points) The stoichiometric equation for the oxidation of bromide ions by hydrogen peroxide in acid solution is 

2Br- + H2O2 +2H+ ( Br2 +2H2O

a. Assume this is an elementary reaction.  What is the rate equation for the disappearance of Br-?

b. If, under certain conditions, the rate of consumption of Br- ions is 7.2 x 10-3 mol dm-3 s-1, what is the rate of consumption of hydrogen peroxide?

c. What is the effect on the rate constant, k, by increasing the concentration of bromide ions?

d. If by the addition of water to the reaction mixture the total volume were doubled, what would be the effect on the rate of change of the concentration of Br-?

Additional Information

R = 1.987 cal/(mol (K) = 0.082 liter-atm/((K mol) = 8.31 J/((K mol)

PV = nRT


[image: image6.wmf]pC-pH Diagram

0

2

4

6

8

10

12

14

0

5

10



[image: image2.wmf]o

o

o

S

T

H

G

D

-

D

=

D



[image: image3.wmf]÷

÷

ø

ö

ç

ç

è

æ

-

D

=

÷

÷

ø

ö

ç

ç

è

æ

1

2

2

1

1

1

ln

T

T

R

H

K

K

f

o



[image: image4.wmf](

)

RT

P

P

V

K

K

1

2

2

1

ln

-

D

=

÷

÷

ø

ö

ç

ç

è

æ

o



O
S
N
Na
P
C
Ca
H
Cl

Atomic Wt
16
32
14
23
31
12
40
1
35.5

� EMBED Excel.Sheet.8  ���








[image: image5.wmf]pC-pH Diagram

0

2

4

6

8

10

12

14

0

5

10

_1000550024.unknown

_1000550123.unknown

_1000550390.unknown

_1000549703.unknown

_1000542182.xls
Chart1

		0

		14



pC-pH Diagram

0

14



Sheet1

		0		0

		14		14





Sheet2

		





Sheet2

		0

		14



pH

-Log concentration, pC

pC-pH Diagram

0

14



Sheet3

		



[H+]

[OH-]



Sheet3

		0

		14



pC-pH Diagram

0

14




