Chemistry 4202

Clower

Additional Water Problems

1. Identify the potential hydrogen bond donors and acceptors in the following molecules:
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Any N-H or O-H will be a hydrogen bond donor.
Any atom with a lone pair (N or O) will be a hydrogen bond acceptor.

2. Draw the structures of the conjugate bases of the following acids:
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3. Consider the following data:

	Acid
	pK

	H3PO4
	2.15

	Succinic acid
	4.21

	H2PO4-
	6.82

	N-2-Hydroxyethylpiperazine-N’-2-ethanosulfonic acid (HEPES)
	7.47

	Tris(hydroxymethyl)aminomethane (Tris)
	8.08

	NH4+
	9.25

	Piperidine
	11.12

	HPO42-
	12.38


(a) Would phosphoric acid or succinic acid be a better buffer at pH 5?  Succinic acid
(b) Would ammonia or piperidine be a better buffer at pH 9?  Ammonia
(c) Would HEPES or Tris be a better buffer at pH 7.5?  HEPES
4. Indicate the ionic species that predominates at pH 1, 4, 8, 11, and 13 for phosphoric acid.
pH 1
H3PO4
pH4
H2PO4-
pH 8
HPO42-
pH 11
HPO42-
pH 13
PO43-
5. Calculate the pH of a 1 L solution containing 10 mL of 5 M NaOH.
(5 M NaOH)(0.010 L) = 0.05 mol NaOH

M NaOH = 0.05 mol/ 1L = 0.05 M

[H] = Kw/[OH] = 1x10-14/0.05 = 2 x 10-13 M

pH = -log[H] = -log (2 x 10-13) = 12.7
6. Calculate the pH of a 1 L solution containing 10 mL of 2 M acetic acid and 5 g of sodium acetate.

(2 M HA)(0.010 L) = 0.02 mol HA

0.02 mol HA/1L = 0.02 M HA

(5g CH3CO2Na)/(82 g/mol) = 0.061 mol A

0.061 mol A/1 L = 0.061 M A

pH = pKa + log (A/HA) = 4.76 + log (0.061/0.02) = 5.24 
7. How many grams of sodium succinate (FW 140 g/mol) and disodium succinate (formula weight 162 g/mol) must be added to 1 L of water to produce a solution with a pH 6.0 and a total solute concentration of 50 mM? (pKa = 5.64)
pH – pKa = log A/HA = 6.0-5.64 = 0.36
log A/HA = 0.36

A/HA = 2.29

Let A = x and HA = 0.05-x

x/0.05-x = 2.29

x = 0.1145-2.29x

x = 0.034 = A

A = 0.034 M

HA = 0.05-0.034 = 0.016 M

We have 1 L, so…

Moles A = 0.034
Moles HA = 0.016

Use the molar mass…

Grams A = 0.034 mol * 162 g/mol = 5.51 g
Grams HA = 0.016 mol * 140 g/mol = 2.24 g
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