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l. lonic Strength and Activity (cont.)
.|

» lonic strength increases
= “activity” of the ions decreases

* Quantitative definition of ionic strength (u)
Ex: Calculate the ionic strength for a solution

that is 0.050 M in KNO5 and 0.10 M in
Na,SO,

ll. Activity and Activity Coefficients

|
» To account for ionic strength:

— concentration terms in equilibrium
expressions are replaced by
“activities” (A)

« Extended Debye-Hlickel Equation:
— used to calculate activity coefficients
— can also use Table 8-1




(Table 8-1]

Activity coefficients for aqueous solutions at 25°C

Ton :

size Tonic strength (g, M)
Ton (e, pm)  0.001  0.005  0.01 0.05 0.1

CHARGE = %1
H* 900 0967 0933 0914 086 083
{CgH;L,CHCO, {C_‘H.,}4N+ /00 0966 0931 0912 085 0.82
(O,N);CH,07, (C3H,);NH*, CH,0CH CO; 700 0965 0.930 0909 0845 038l
Li¥, CH,C0; . HOCH €O, . CICH,CO; ., CH.CH,CO;,
CH,=CHCH,CO;, (CH,),CHCH,CO; , {CHI‘CHZJJN", (C3H,),NH; 600 0.965 0929 0907 0835 080
CL,CHCO;, CIICCO; , (CH,CH,),NH*, (C;H,)NHy 500 0964 0928 0904 083 079
Na*, CdCI*, Cl0; . 105, HCO; , H,PO; , HSO; , H,AsO;
Co(NH,),(NO,){. CH,CO;. CICH,CO; . (CH,) N*.
(CH,CH,),NH , H,NCH,CO; 450 0964 0928 0902 082 0775
*H;NCH,CO,H, (CH,);NH*, CH,CH,NH{ 400 0964 0927 0901 0815 077
OH™,F~.5CN",OCN", HS ", CIO; . ClO; . BrO;., 10; . MnOj; ,
HCO; , Hycitrate ™, CH;NH; . (CH,),NH; 350 0964 0926 0900 081 0.76
K*,Cl=, Br—, 17, CN~, NO;, NO3 300 0964 0925 0.899 03805 0755
Rb*, Cs* NH;, TI*, Ag* 250 0.964 0924 0898  0.80 0.75
. Lanthanides are elements 57=71 in the periodic table, soukRcE: 1, Kielland, . Am. Chem. Sac. 1937, 59, 1675,
(Tahle 8-1]

Activity coefficients for aqueous solutions at 25°C

Ton :

size Tonic strength (g, M)
Ton (e, pm)  0.001  0.005  0.01 0.05 0.1

CHARGE = *2

Mg2*, Be?* 800 0872 0755 069 052 045
CH,(CH,CH,C0; ), (CH,CHLCHLCO; }22 700 0872 0.755 0685 050 0425
Felren (el 7 O T TSR e IR (e (e B
H,C(CH (.‘01‘)1. (CH,CH,COy ), 0.870 0.749 0.675 0485 0405
SrT, Ba®t, Cd**, Hg?*, §27, 8,047, WO3~, H,C(CO; ),, (CH,CO3),,
(CHOHCO; ), 500 0868 0744 067 0465 0.38
Pb?*, COY~, SO3~, MoOj~, Co(NH,),CI>*, Fe(CN);NO?~, C,04",

Heitrate?~ 450 0867 0742 0665 0455 037
Hgi*, S0~ 5,04, 5,08, 5,04, Se0] . CrOj~, HPO}~ 400 0867 0740 0.660 0445 0355
CHARGE = %3
AP Fedt, CP*, Se*, Y3, In*, lanthanides® 900 0738 054 0445 0245 0.8
citrate*™ 500 0.728  0.51 0405 018 0115
POj~, Fe(CN)i~, Cr{NH,)3*, Co(NH,)i*, Co(NH;);H,0** 400 0725 0505 0395 0.6  0.095
CHARGE = =4
Ul ~a e (o B 1 100 0588 035 0255 0.10 0.065
Fe(CN)} 500 0.57 0.31 0.20 0.048  0.021

a. Lanthanides are elements 37-71 in the periodic table. soukce: 1. Kiclland, J. Am. Chem. Sec. 1937, 59, 1675,
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lll. Activity Calculations
.|

Ex: Find the relative error introduced by
neglecting activities in calculating the
solubility of Ba(I0;), (K, = 1.57 x 107°)
in a 0.0330 M solution of Mg(1O;),.

Ex: Calculate the pH of pure water.

Ex: Calculate the pH of 0.10 M KCI.

V. Charge Balance and Mass

Balance
C ]

A. Charge Balance
A solution can have no net charge

U

The sum of the positive charges in a solution
must equal the sum of the negative charges.




V. Charge Balance and Mass
Balance (cont.)
.|

B. Mass Balance

The sum of the amounts of all forms of a
particular atom or (or group of atoms) in
a solution must equal the amount of that
atom (or group of atoms) delivered to the
solution.

V. “The Method”

|
Ex: Find [Ag*], [CN-], and [HCN] in a saturated
solution of AgCN.

Steps:
1.  Write all pertinent reactions.
2. Write the charge balance expression.
3. Write the mass balance expression.
4. Write the equilibrium expression for each
reaction.
5. Count the equations and the unknowns.

6. Solve for the unknowns.




V. “The Method” (cont.)
.|

Ex: Calculate the solubility of ZnC,0, in a
solution held at a pH of 3.00.

VI. Spreadsheet Approach
.|

Link to spreadsheet




A | B | ¢ | o | E | F | & | H |
1 |pH Dependence of ZnC,0, Solubility
2
3| H1 [0H] 10007 | [HE00 M0y | En®] Kp=  7ADE-DS
A 1 1E-14 18E-07 | 27E-03  48E-01 | B1E-02 K= 180E-10
5| 10 01 1E-13 12E-06 | 22E-03  40E-03 | BAE-03 o= 180E-13
B | 20 001 1E-12 59E-06 | 1.1E-03  1.9E-04 | 1.3E-03 Ky=  1.00E-14
7| ap 0.001 1E-11 20E-05 | 3.5E-04  G4E-08 | 38E-04
B 40 0.0001 1E-10 5IE-05 | B3E-05  1TE-07 | 14E-04
9| so 0.00001  0.000000001 | 8OE-06 | 1.4E-05  26E-09 | O4E-05
o] s0 0000001 | 000000001 | BBE-05 | 15E-08  28E-11 | BTE-0
1 7o 00000001 00000001 | @FE0S | 16E-D7  28E-13 | BJE-0S pH Dependence of ZnC;04 Solubility
2| 80 000000001  0.000001 | BFE-05 | 1GE-08  2BE-15 | BTE-05 0o
13| o0 0000000001 | 000001 | BTE-05 | 1.6E-08  28E17 | GTE-05
14| 100 1E-10 0.0001 BFE-05 | 1.6E-10  28E-19 | BJE-05
18| 11 1E-1 0.001 BFE-05 | 16E-11  28E-21 | BTE-05 0
16| 120 1E-12 0.01 BFE-05 | 1.6E-12  28E-23 | BJE-05
17| 130 1E-13 01 BFE-05 | 16E-13  28E-35 | BTE-05 ~
18| 140 1E-14 1 BTEDS | 16E-14  28E-27 | @TEDS oo ™~ -
il L E ~
200 H H1 [OH] _ 10glc:0,°] logHC:0.] logH:C:0J leglZn™] & JR—— |
21 oo 1.E+00 1E14 6.8 286 13 1.3 2 50 —
2 10 1.E-01 1.E13 -5.9 27 -2.4 2.2
| 20 1602 1E12 52 30 37 29 T T loarczot]
24 30 1.E-03 1.E-11 4.7 35 -5.2 3.4 200 - - - -lealC2042]
28 40 1E-04 1E-10 43 40 B8 -3
26| &0 1.E05 1.E-08 -4.1 48 -85 -4.0
A 1.E-0B 1.E-08 -4 -58 108 -4.1 250
28] 70 1E07 1.E07 -4 68 126 -4 00 20 40 80 80 100 120 140
I 1.E-08 1.E-0B -41 78 148 -4 oH
30| an 1.E08 1.E-05 -4 88 -166 -4
31 100 1.E-10 1.E-04 -4 -9.8 -18.8 -4
32 1o 1E-11 1E-03 -41 108 -206 -4
33| 120 1.E12 1.E-02 -4.1 -11.8 -228 -4.1
38| 130 1E-13 1.E-01 -4 128 -24B -4.1
35| 140 1.E14 1.E+00 -4.1 138 -268 -4
3%
37| B4=107-A4) E4=3I547D4ICH
) C4=§I$6/B4 Fa=BISEE4ICH
39 D= (BIF3 7 (1 + (SIF4ICH) + (BIF4-FIFSICET) 1705 G4=§1§3/ D4
A B |c]l o | E | F |l &6 | H | 1 Jl | K
1 |Solved rigorously:
2|
charge
3 pH H*] | [OH] | [Ce048] [HC:04] [HaC:04] | [Zn™*] | balance
4| Kyp= 7H0ED9 0o 1 1E-14 | 15E07  27E-03  4.8E-02 51E-02 | 1.1E+00
6 | Ker= 1.80E-10 140  1E-14 1 87E-05  1BE-14 28E-27 87ED5 -1.0EHID
B | Kp= 1.80E13 7.0 1E07 | 1EO07 B7E-05  1BE-07 28E-13 87E-05 1BEO7
7| K= 1.00E-14 80 1E-08  1EO6 B87ED5 | 1.6E-08 28E-15 B7E05 -9.7E-07
8| 75 | 32E08 32E07 B7E-05  48E-08 2BE-14 B7E-05 -24E07
9] 73 SE-08 | 2E-07 87E-05 | 7.BE-0B | 7.OE-14 B7E-05 -7AE08
0] 72 | B.3E-08 1.6E07 §5FED5 98E-05 1.1E13 87E-D5 239E-09
1 7.25 | 5BED8 1.8E07 87ELDS5 S88E08 8.9E14 B7E-05 -34E-08
2 723 |A9E08 17EO7 8BFED5 92E08 97E-14 B7EDS5 -1.9E-08
3] 722 | BE-08 17E-O7 87ED5 94E-08 1.0E-13 B7ED5 -1.2E-08
14 721 BZE08 1.6E07 BYEDS BBEO08 1.1E-13 B7E-05 -4.5E-09
15 7.205 B.2E-08 1.6E07 87ED5 97E00 1.1E13 BFEDS -7.7E10
16 7204 B3E-08 16E07 87E05 97E08 11E13 87E05 -38E-1
A7 7.203 GB.3E-08 16EOF B7ED5 9BEO8 1.1E-13 BYED5 7.0E-10
18
iEl
20 E4 = 104D4)
21 F4 = $B§7 /E4
22| Gd = |( §B8%4 /(1 + ($BFS/F4) + ($BFS * $EFEFA42 ) 205
23| H4 = §B%5 * G4/F4
24 | 14 = |$E$E * H4/F4
5| Ja = [§E54 / G4
26 Kd =274 +E4-2*G4 - H4 - F4




