Unit 2

Solubility and Ionic Strength
Reading: Chapter 12 (sections 1-2)
Homework: Chapter 12: 2, 4, 5, 9-13.b, 14-19
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· What was the effect of NaI on the solubility of PbI2? Why?
PbI2(s)Pb2++2I-





· What is the effect of adding KNO3 to the above rxn? Why?




STOP
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· What is the ionic strength of a 0.00333 M solution of PbI2 and the activity coefficient of Pb2+ and I-?









STOP

· Calculate the solubility of 0.00333 M PbI2 (Ksp7.9×10-9) solution with 2 different scenarios. 
· Assume PbI2 solubility is low enough not to effect ionic strength.







· Assume PbI2 solubility effects ionic strength.




· How does the solubility differ and how can you explain the difference?




STOP
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· Calculate the ionic strength and solubility of a saturated solution of 0.0125 M PbI2 with 0.05 M NaCl. Assume PbI2 solubility effects ionic strength.
· Calculate the ionic strength




STOP
· Interpolate to determine the  and 









· Determine the solubility
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Activity

* Equilibrium expression for
aA+ bB = cC+dD

is typically written as
[C]¢[D]“

[A]¢[B]P
* However this does not account for ionic
strength therefore we use activities in place of
concentrations
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New Equilibrium and pH equations
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Table 12-1 Activity coefficients for aqueous solutions at 25°C?

Ton . h
size Tonic strength (., M)
Ton (a,pm) 0.001 0.005 0.01 005 0.1

Charge (z) = =1 Activity coefficient (y)
H' 900 0967 0.933 0914 086 0.83
(CgH3),CHCOS, (C3H7)N* 800 0966 0931 0912 085 0.82
(0,N);CeH,0 ™, (C3Hy);NH', CH;0C4H,CO5 700 0965 0.930 0.909 0.845 0.81
Li*, CgHsCO3, HOCGH,CO3, CICGH,CO5, CeHsCH,CO5,
CH,=CHCH,CO5, (CH),CHCH,CO3, (CH:CH,),N", (C3H,,NH3 600 0.965 0.929 0.907 0.835 0.80
CLCHCO3, CLCCO3, (CHiCH,);NH*, (C3H,)NH} 500 0964 0.928 0.904 083 0.79
Na’, CdCI*, CI03, 103, HCO3, H,PO, HSO, H,AsO},
Co(NH;),(NO,)3, CH;CO3, CICH,COY, (CH3),N",
(CH:CH,),NH’, H;NCH,CO; 450 0964 0.928 0902 0.82 0.775
“H;NCH,CO,H, (CH;);NH ", CH;CH,NH} 400 0964 0927 0901 0815 0.77
OH™,F,SCN", OCN", HS", CIO3, CIO}, BrO3, 10, MnO},
HCO3, Hacitrate”, CH;NH3, (CH3),NH3 350 0964 0926 0.900 081 0.76
K*,CI7, Br, 17, CN", NO3, NO3 300 0964 0925 0.899 0.805 0.755
Rb*, Cs*, NH}, TI*, Ag* 250 0.964 0.924 0.898 0.80 0.75

Charge (z) = =2 Activity coefficient (y)
Mg*", Be?* 800 0.872 0.755 0.69 0.52 045
CH,(CH,CH,CO3),, (CH,CH,CH,CO3), 700 0.872 0.755 0.685 050 0425
Ca®*, Cu®*, Zn®*, Sn®*, Mn**, Fe**, Ni?*, Co®*, C4H,(CO3),,
H,C(CH,CO%),, (CH,CH,CO3), 600 0.870 0.749 0.675 0.485 0.405
s, Ba®*, Cd**, Hg?", §27, S,03 ", WOi ™, H,C(COy),,
(CH,CO3),, (CHOHCO3), 500 0.868 0.744 0.67 0465 038
Pb**, CO%, SO3, MoO3 ™, Co(NH;);CI**, Fe(CN);NO*~, C,0F ™,
Heitrate?” 450 0.867 0.742 0.665 0.455 0.37
Hg3', SOi ™, $,03 7, $,0¢ . $,08 . Se03 , CrO} ", HPO} 400 0.867 0.740 0.660 0.445 0.355

Charge (z) = =3 Activity coefficient ()
APF, Fe**, Crtt, Sc**, Y*F, In*", lanthanides” 900 0738 0.54 0.445 0245 0.18
citrate’ 500 0728 0.51 0405 0.8 0.115
PO}, Fe(CN); . Cr(NH)3 ", Co(NHa); ", Co(NH;)sH,0* " 400 0725 0.505 0395 0.16  0.095

Charge (z) = =4 Activity coefficient (y)
T 7 o O o S 1100 0588 035 0255 0.0 0.065
Fe(CN)y™~ 500 057 031 020 0048 0.021

a. J. Kielland, J. Am. Chem. Soc. 1937, 59, 1675.
b. Lanthanides are elements 57-71 in the periodic table.
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lonic Strength: quantitative

* A measure of the total concentration of ions in
solution
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Estimating Activity Coefficients

* What about when the ionic strength of the
solution you are looking at isn’t listed in the
table?
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Activity relations

* Over range of ion strengths from 0 to 0.1 M
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* jon charge ”
* The smaller the ion the more important activity
becomes

* Activity of a neutral molecule is equal to its
concentration b/c they have no charge

* For gases (such as H,) activity is given as:
A, = Pu,Vu,

But is called fugacity and the activity coefficient is
called the fugacity coefficient
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* The addition of the “inert” salt, KNO, results

in increased solubility of Pbl,,
 Why?




