Laboratory #8 pH of Acids, Bases & Buffers

B. pH of distilled water:

1.2H,0=H,0" + OH

2. Expected pH 7.00

3. The acidic pH of distilled water is due to the absorption of CO, from the atmosphere:
CO, (g) + H,O—H,CO,
H,CO, + H,0 =HCO; + H,0"
HCO; + H O = CO; + H,0"

C. pH of strong acids & bases:

1. HCl—H' + CI'
H' +H,0 —H,0’

2.0.05 M HCI; [H,0"] = 0.05 M; pH = -log(0.05) = 1.30

4. NaOH — Na" + OH

5.0.0050 M NaOH; [OH] = 0.0050 M; pOH = -1l0og(0.0050) = 2.30
pH=14.00-2.03=11.70

D. pH of weak acids & bases:

1.

HOAc . H,0 = OAc + H,O"
I 0.50 0 ’

. N +x X
E. 0.50-x ) ’

E ~ 0.50

K :[DAC_][Hso_]:1r74XID—5:X_:;x:I].DD29

a

[HOAC] 0.50°
H.O ]1=0.0029 M; pH = —log(0.0029) = 2.53
3 p 2

2. Expected pH: 2.53
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4,
NH, + H,0 = NH,* + OH
I 0.10 0 0
C -X +x +x
E. 0.10 - x X X
E =~ 0.10
K, = IV IOF] 5 i i X— x=0.013
[NH,] 0.10

[OH™]=0.0013 M: pOH = —1log(0.0013) = 2.88
pH =14.00 - 2.88=11.12

5. Expected pH: 11.12

E. Hydrolysis of Salts of weak acids and bases

2.2)
OAc + H,O = HOAc + OH
1 0.50 0 0
C -X +x +x
E, 0.50 -x X X
E ~ 0.50
K, = [HOAC][OH™] K, 1.00x 107% g

[OAcT] K. LHMxw”

-
e

575x10°=2_-x-17x107
0.50

"

JOH ]=1.7x 107 M;pOH=4.77, pH =14.00 — 4.77 =9.23

Expected pH =9.23
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2.b)
NH," + H,0 = NH, +
I 0.10 0
C -X +x
E, 0.10-x X
E =~ 0.10
NH o] K. lbexie™ y g
i [ijl[j:?] ]:K‘;:me-fs'?m“w:m

x=7.6x10"°[H,0"]=76x10° M; pH=—1og(7.6 x 10°) =5.12

Expected pH = 5.12

2.¢)
SO?% + H,O = HSO, +
I 0.10 0
C X +x
E, 0.10 - x X
E ~0.10
HSO}J[OH"] K_ 1.00x107* X
i [sg_gf] ]:K T 120x10° ZT'TSX]D_HZH

x=2.78x197;[OH ]=2.78x107 M;pOH=—1og(2.78 x107') = 6.56
pH=14.00—6.56 ="7.44

Expected pH = 7.44

F. pH of amphoteric (half-acid) compounds:

1.a) HCO; + HLO=CO? +H,0; K, =5.6x107"
K. 10xig™

Rt

HCO; + H,0 = H,CO, + OH; K, = —% = — =2.38x107"
K 42x107

a1

page 3

H,0'

+Xx

OH

+Xx
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1.b) HPO}? + H,O=PO; +H,0"; K_ =4.22x107"

K, loox107™*

HPO? + H,0 =H,PO, + OH; K, = —%= —=1.58x10""
K, 634x10
1. ¢) H,PO; + LO=HPO; + H,0"; K, =6.34x107"
K. 100x10™ i
H,PO, + HHO=H,PO, +OH; K, =—= = =141x10
Ka] 7.11x 10
2. a) since K, > K, solution will be basic and pH > 7
b) since K, > K, solution will be basic and pH > 7
¢) since K, > K, solution will be acidic and pH <7
H. A balanced buffer solution:
1.
10.0 mL 5 0.50 mmol HOAc . 1 _ 0.25 mmol HOAc
1 mlL. 20.0 mL mL
10.0 mL i 0.50 mmol NaOAc¢ - 1 _ 0.25 mmol NaOAc¢
1 mL 20.0 mL mL
HOAc + H,O S OAc + H,O"
I 0.25 0.25 0
C -X +x +x
E, 0.25-x 0.25+x X
E ~ 0.25 ~ 0.25
OAc ||H.O s D.25x
Ka=[ JLH, ]=1.T4K]l]_‘=
[HOACc] 0.25

x=1.74x107;[H,0"]=1.74 x 10~ M; pH=—log(1.74 x 107 ) = 4.76



Laboratory 8 Acids, Bases & Buffers page 5

2. reaction of buffer with strong base: HOAc + OH == OAc + H,0

reaction of buffer with strong acid: OAc + H,0' s==HOAc¢ + H,0

3. Strong base addition: HOAc + OH  — OAc + H,O

2.0 mL s 0.25 mmol HOAc " 1 mmol NaOH = 1 mL . 1 drop
1 mL Immol HOAc 1.0 mmol NaOH 0.05mL
=10 drops

Strong acid addition: OAc¢ + H,O" — HOAc + H,0O

20mL 025mmol OAc™ 1mmol HCI ImL 1 drop
X X X X
1 mL Immol OAc 10mmol HC1 005mL
=10 drops

5. 10 drops NaOH calculated

10 drops HCI calculated

1. An unbalanced buffer solution:

1.
pH = 5.30; [H,0] = antilog(—5.30) =5.0 x 10 M

a

[CACT]H.O]_, ., - [OAC ]5.0x107°
[HOAC] [HOAC]

[OACT]

[HOAc]

-1.74%x10°

3.5
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0.50 mmol OAc™ XmL 050

[OAc ]= X =
mL 200mL 200

0.50 mmol HOAc¢ Y mL 0.50
[HOAc] = = Y

X =
mL 200mL. 20.0

0.50
X +Y=20.0;X=20.0-Y:[0Ac]= S (20.0 - Y)

q
9-3% 200- )
20.0 _

200 %
q.

=3.5; 3.5 200 X =35Y

4.5Y=20.0;Y=44,X=200-44=156
Take 4. 4 mL HOAc and 15.6 mL NaOAc

3. Strong base addition: HOAc + OH — OAc + H,O

Strong acid addition: OAc” + H,0" — HOAc + H,0

44mL x 0.50 mmol HOAc 3 1 N 0.11 mmol HOAc
1 mL 200mL mL
2.0mL « 0.11 mmol HOACc A 1mmol NaOH " lmL : ldrop
1 mL Immol HOAc 1.0mmol NaOH 0.05mL
=44 drops
15.6 mL - 0.50 mmol OAc™ " L o 0 mmol OAc™
1 mL 20.0mL mL
2.0 mL = 0.39 mmol OAc™ 2 1 mmol HC1 = 1 ml z 1drop
1 mL lmmol OAc™ 1.0mmolHC] 0.05mL
=15.6drops

5. 4.4 drops of NaOH

15.6 drops of HCI



