CH302 Unit 3 Day 1

KSP, PRECIPITATION REACTIONS, INTRO TO KINETICS




> PbIz () = Poiyr2I7y,
Ksp » Qs » @and Saturation - Definitions

*  Solubility Product (K,): K is a constant that represents the mass action expression at
equilibrium specific td'a given salt. This is the K of the salt dissolution reaction.

*  Molar Solubility: Solved from K, molar solubility represents the maximum amount of solute
that can dissolve for a reaction i terms of molarity & ). This term is represented by the “x”
in K, calculations. This is your best measurement of the solubility of a salt.

¢ Common lon Effect: When an ion is already present in solution, the molar solubility of a salt
containing that ion significantly decreases.

* Reaction Quotient Solubility Product (Q,): Q,, is a variable that is calculated by the product
of all ion concentrations typically at a ponFlt avfay from equilibrium. Solved in the same way
as K;,, Qg, uses experimental values rather than equilibrium values.

O Saturation: when the maximum amount of ions are present in solution (K, = Q;,)

*  Saturation is an equilibrium position where Q = K.

*  Dissolution: when Q, < K, and your reaction moves forward (solid becomes ions) < |NoT equilibrium ‘
*  Precipitation: when Qg, > K, and your reaction moves backward (ions become solid) -~




Saturation and Comparing Qg vs. K¢,

* K, represents the ion product of a saturated solution in terms of molar solubility (x). You can
think of it as a measurement of the maximum saturation capacity of a solution.

* Qg represents the ion product of the actual concentrations of ions at any given time. You can
control these concentrations experimentally. You can think of Qg like a starting point

* Remember: K, is a fixed value ; Q,, is defined by the your actual concentrations in your
experiment. Tﬁerefore, your value of Q; in relationship to K, will describe what happens:

1. Q4 <K, (unsaturated) ; more solid can
dissolve if added to the solution

2. Qg =K, (saturated) ; your reaction is 1
at equilibrium

3. Q> K, (over saturated) ;
precipitation occurs until Qg = K;,

AG°>0

G’leactants

reverse reaction
R ——




Solubility Equilibrium Overview

ALL SALT RATIOS
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K, to Molar Solubility

What is the molar solubility of Li;PO,? The K, of Li3PO, is 3.2 x 10°.

K, =[Li'T'[PO; ]
/

Vi
K is the “Solubility Product,” Ksp = (3X)3 X = 27)64

which is a constant unique to

a particular compound that x represents the “Molar Solubility,”
represents the product of ion which is a direct measurement of
concentrations that are 4P solubility. Molar solubility is the

present at equilibrium 27 concentration of a solute that dissolves

in molarity (M) for a reaction.

x=3310"M
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Question

Rank the following molecules according to their molar solubility (lowest molar
solubility to highest molar solubility) Slve <F.r x
—_

—
-1
B _\4. )(10'7" = qxlv l
A|PO4, Ksp=9-8X10'21 -y IX_W/ q

Y.oxlo-1 g3
|0
Ba(I0,),, K, =4.0x10° = Yx > X =% “"—" = X072

CuCl, Ky =17x107 = X W “( Ixt0 -4

/ AW()L( LCull & %0\003)1




Ky, Question Types

There are three main scenarios of solubility equilibria:
1. You add a chunk of a sparingly soluble salt to deionized water and calculate the
molar solubility from the K, and stoichiometry (or vice versa).
o Kgp = [PbZ][I]2 = (x)(2x)% = 43
o xis your molar solubility
2. You add a chunk of a sparingly soluble salt to a a solution with a common ion
already in solution
°© Ky = [Pb2][I]2 = (x)(0.05M - 2x)? = 4x3
o xis still your molar solubility, but much lower than in the previous example
3. You mix two aqueous solutions to perform a double displacement precipitation
reaction and evaluate if a precipitate forms
° Qg =[Pb>][I]?

o IfQ>K, a precipitate forms




Ksp SCenario One

1. You add a chunk of a sparingly soluble salt to deionized water and calculate the
molar solubility from the K, and stoichiometry (or vice versa).

kp = Phlz ) =7 ’?-03*2;"0

What is the molar solubility of Pbl,?

The K, of Pbl, = 9.8 x 10°. a Lot &
_ +X ¥y
- g3 X
](W-L’x) (2x) =x > .

€S "’=‘{>i__
3\(5 /T’\J\Xc\.%xl(fgm




Ky, Scenario Two: Common lon Effect

2. You add a chunk of a sparingly soluble salt to a a solution with a common ion
already in solution.

2+ T~
Consider adding Pbl, tolution of Nal. PbIz = ?b y21
ity-efPbl,? ¢ .05

What is the molar solub Lt
— _ o [
The K, of Pbl, = 9.8 x 10°. _)( X YLy

Ksp = (X) (o-off?@2 — % 005X
q,q«lﬂ't, , 0025 X
T —s X = 347107 M




Pb (N03) , ) +)NsLegy = PhI,@F IN«V03 o)

r/ . . . . .
Ky, Scenario Three: Precipitation Reaction

3. You mix two aqueous solutions to perform a double displacement precipitation
reaction and evaluate if a precipitate forms.

Consnder adding 100 mL 0.03 M Pb(NO_,,)2 to 100 mLO. 05,'r:lal
K,, Pbl, = 9.8x 107 > &7A
What is the value of Q,,? What precipitate, if any, forms? =

T - %xlo
Qsp . (oI 1 = (0.015) (0. ws) = 4.3
= OOSMJ es - 0. O\S N &)V

Pt — JooL = L03M Z 0200 P

2

- . - ( A
T~ —2 1oL * «05M 0;% - 0.025M Ly
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My Favorite Exam Question

Which of the following is true regarding 15 g B Q ( N 0 3’) 1
Ba(NOj)2 solid dissolved in 500 mL water? \
VAN

(@ 24 = vy ~
2. [Ba?*] = [NO;| wr B 7 QA_);:S
3. [Ba2*] = 2[NO; | /4 ( X) -
4. [Ba?*] = [NO; |2 9] C'gq'“‘_\ = [NOS-]

5. [Ba?")? = [NO; |

6. 2[Ba’"]? = [NO;]



: I T A
Exam Question  \n mda T

/ 1 S . KNO
Mercury(I) bromide dissociates according to I“ (« kaflg‘) = I" zg' (‘) 1 2
the following forlllnulu: e " k R Jz (”o;)? b 3/L_—
—DHg:Bry(s) = Hej* (aq) + 2B (aq) —7 ©FP T .go7s L0066 @ 7

A 300 mL 0.0250 M HelNO,) %oluti |
m 5 glN .,\su ution anc - 00 6(’ +.0033 ‘r.0066
. - —

a 200 mL 0.0330 M KBr solution are mixed
together in one large beaker. What is the C T 0035 6
am A . 2 int a?
mass of the resulting precipitate? E 00 ‘4_2 / \ .00 33 00 6
L]
1. 348 g \
2.252¢g

3.3.70g .
4.421g ASgum™y 007 teachen D 0033 X MM = ___—js
@.SSg \ 0/, h .F “3 B’« .0033 *SGOlQ1 = \"K J

. inrz2e e ¢ 2 2



Intro to Kinetics

RELATIVE RATES AND INTRO TO METHOD OF INITIAL RATES




Introduction to Kinetics

Th_ereI are four types of kinetics questions types that we have discussed in
is class:

Relative rates of a reaction (think stoichiometry): If you can measure the rate of
formation for a product, you can use stoichiometry to determine the rates for all
other products and reactants

These work well

2. Rate Laws: The rate law is a fundamental equation used to calculate the rate of a
reaction from the rate constant, k, and the concentrations of the reactants raised to
the power of their “order”. The overall reaction order is the sum of the orders of the
reactants.

| for initial rates

3. Empirical Rate Law: Because the order of reactants are not necessarily based on
stoichiometry, you must run an experiment to measure this value based on the
initial rate of reaction at different starting concentrations

Takes into
account the fact
that the rate can

4. Integrated Rate Law: Knowing the order of a reaction, you can determine the change over time

rate or concentrations of a reactant at any given point in time (calculus is
necessary here because if the rate is dependent on concentration, the rate is
changes as the reaction proceeds)




1.

2.

3.

4,

The Four Factors that Affect Rates

o

o

o

o

o

o

o

o

o

Nature of reactants/ Availability of the molecules -
Increase the rate without
Larger surface area = faster rate changing the rate constant
Ex: this is the reason why we chew our food (mechanical digestion)
Concentration (and pressure)
Higher concentration, higher rate if your reaction is first order or higher
Increases the rate based on the fact that the rate law is concentration dependent

Temperature |
ncrease the rate by
Higher temperature, higher rate always (in this class) < increasing the rate constant

Increases the rate based on the fact that the rate constant in temperature dependent /

Catalysts
Catalysts decrease the activation energy, which increases the rate based on the Arrhenius Equation

The activation energy is decreased by modifying the substrate orientation
Increases the rate based on the fact that the rate constant is proportional to the negative activation energy




This is one example where stoichiometry DOES matter

Relative Rates of a Reaction

| 1 3 2z 7
The fundamental rate of a reaction can be
described by the rate of change of any reactant M + bB — /QC +dD

or product of the reaction. A few important

notes: p(yred redu

1. Coefficients play an important role: if b= 3, C‘C_S P -\':\
the rate of consumption for B is 3 times the y -A[A] -A[B] +A[C] +A[D]
overall reaction rate; if d = 4, the rate of rate = = = .
formation for D is 4 times the overall reaction 1At )At ZAt yAt
rate

2. The rate of change for different species can
be interconverted: based on the information /\/(/\
above, we can say that the rate of formation
for D is 4/3 the rate of consumption of B A[B AID

3. The rate of change for reactants and H [ ] = [ ]
products are always opposite in sign 9At At



Overall Rate of a Reaction - Example
. —\ pel vron
(0 +3,0) 2N, CACHT - AL A

1.  Write an expression that represents the OV”‘” rate = 1) + - Ip+ ZM—
overall rate of the reaction in terms of
each of the reactants and products

2. Write the rate of formation of ammonia —ZAEH 7,1 A [N H33

(NH,) in terms of hydrogen (H,). =
I . ZAt i
@ Suppose the initial rate of formation of 2

ammonia is 0.6 M/s. Write the overall

initial rate of the reaction.
— H
( i DMy, D2kl AW 33
\

2 %X qu ch fxn =
0.‘5”’% vare f nm = % ake AW = 0s0-6 2 DY A




Introduction to Rate Laws

aA+bB — cC+dD
rate = k[AT[BY

Rate of reaction in the units of M/s / \\

x = order of A

y = order of B

x +y = overall order of the reaction
Order is usually positive integers,
but can be fractional or negative in
rare cases

Rate constant (measured
value). Units depend on the
order of reaction; must
cancel units of [A]* and [B]Y
to get rate = M/s




Introduction to Rate Laws

aA+bB — cC+dD
rate =k[A]"[BY)

Oth Order:
First Order:

Second Order:



Empirical Rate Laws

Consider the bromination of pentene:
Trial # m
CSH10 + BTZ bd C5H103r2 mm

10 M/s

Start with the rate law: 2 aMm 2M 20 M/s
= x y

rate k [C5H10] [BrZ] 3 aM 4 M 40 M/s

Then use the data to solve for x, y, and k.




Empirical Rate Laws: solution
T = T = O
1 2M 2M

10 M/s
2 4M 2M 20M/s
3 4M 4M 40 M/s

Eetwgen trials 1, 2: we doubled the concentration of pentene and the rate doubled. No change was made to
romine.

Between trials 2, 3: we doubled the concentration of bromine and the rate doubled. No change was made in
pentene. This is indicative of a reaction that is first order in bromine.

Now that we know the order of the reaction, we can set up our equation: rate = k[CsH,,]*[Br,]*. The reaction is
second order overall.

We can use any trial to solve for k. For example: 10 M/s = k(2 M)(2 M), k = (10 M/s )/ (2 M)?, k= 2.5 M5+

Important: trials 1, 3 don’t make for a great comparison at the beginning because both reagents have different
concentrations. It’s difficult to determine which reagent is causing the rate to change



Exam Question (do on your own)

For the reaction:

A+ B, + 2C - D,

Initial Initial Initial Initial
[A] [Bg] C] rate
You run an experiment to determine the initial M M M M/s
rates of the reaction under 4 different starting 1 0.01 0.01 0.10 1.20 x 10°
conditions. Write the complete rate law for the 2 0.02 0.01 0.10 4.80 x 10?
reaction. What is the value of k? 3 003 001 0.20 2.16 x 10°
4 004 002 010 3.84x10°

Rate, _k[AL[B,LIC];
k[AT B, [C]

Rate,



Exam Question

For the reaction:
A+B,+2C->D,

Initial Initial Initial Initial
[A] [Bg] C] rate
You run an experiment to determine the initial M M M M/s
rates of the reaction under 4 different starting
0.01 001 010 1.20x10°

conditions. Write the complete _;ate law for the
reaction. What is the value of k? 0.02 0.01 0.10  4.80 x 10°
0.03 001 020 2.16x10°

0.04 002 010 3.84x10*

- W N =

Rate = 1.2 x 10*°[A]?[B,][C]
(units of k omitted)

Rate, _k[AL[B,LIC];
Rate, k[A][B,I[C]




