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Chemistry 1250 - Sp22
Solutions for Practice Final

This material is copyrighted. Any use or reproduction is not allowed except with the expressed written
permission of Dr. Zellmer. If you are taking Chem 1250 you are allowed to print one copy for your own use
during the quarter you are taking Chem 1250 with Dr. Zellmer. You are not allowed to disseminate this
material to anyone else during the quarter or in the future.
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1) A+B=X+Y K.=9.5x 107" at472 K

Very large K, (K, >10'):  “only” products (at equil.) - for all practical purposes (see below)
Very small K_ (K, >10""") : “only” reactants (at equil.) - for all practical purposes (see below)

Large K, (10* <K_ < 10"): products predominate
Small K, (107" <K, >10?): reactants predominate

0.01 <K, <100 : significant amounts of both reactants & products present at equil.
(Roughly equal molar amounts depending on the form of K_.)

K, = - = 95x107* essentially only reactants

Both numerator and denominator are squared (have same form). So if K = 1 then there are roughly
equal molar amounts of reactants and products.

Look at equilibrium tables starting with 10° M conc. of A & B (rather large conc.):

fK.=1x 1071 you will get the following conc. for reactants & products at equil.
[A]=[B]=999.99999 M and [X]=[Y]=1.0 x 107° M. Certainly reactants predominate but these .
conc for [X] and [Y] are still very easily measurable.

fK.=1x 1072 you will get the following conc. for reactants & products at equil.
[A] =[B]=999.9999999999 M and [X]=[Y]=1.0x 101" M. These conc. for [X] and [Y] are much
harder to measure and there are essentially only reactants at equilibrium.

Look at equilibrium tables starting with 1.0 M conc. of A & B (much more reasonable starting conc.)
and the K, given in the problem:

IfK.,=9.5x 107% you will get the following conc. for reactants & products at equil.
[A] = [B] = 0.9999999999999999025 M and [X] =[Y]=9.7 x 10"'” M. These conc. for [X] and [Y]
are very difficult to measure and there are essentially only reactants.

EvenforaK ,=1x 10710 you will get the following conc. for reactants & products at equil.
[A] =[B]=0.9999900001 M and [X] =[Y]=1x 107° M. Certainly reactants predominate but these
conc. for [X] and [Y] are still easily measurable.

This is why I said the answer is essentially “ONLY” reactants exist. This was something I said in class on more
than one occasion. I said when you have a really small K (around 10 or smaller) you have essentially only
reactants at equilibrium (reaction really doesn’t occur).

I said the following in class on more than one occasion.

If you have a really large K (around 10'°) you have “only” products (such as is the case for strong acids).
If you have a really small K (around 10°"*) you have “only” reactants.

If you have a large K (> 10?) you have mostly products.

If you have a small K (> 107%) you have mostly reactants.

e
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() NOBr(g) = NO(g) + "2Br(g

[NO] [Br,]"?

[NOBt]
@ Ny(@ + O,(g) = 2NO(g
_ . INol
T N[O)]
Want K for

(3) 2NOBr(g) = N,(g + 0O,(g + Bn()

K., for rev. rx is 1/K;,, (reciprocal of K, for the forward rx)

for for

no unauthorized use allowed

Also, when multiply a rxn by some factor the K for the new rxn is equal to original K raised to the factor

the rxn was multiplied by (multiplying by -1 reverses the rxn)

Proof

aA + bB 2 xX + yY

[XT*[YP
[A]" [B]°

Multiply by n

(a*n) A + (ben)B & (xen)X + (yn)Y

[XTPIYP" IXPLYP

K, = — ( P =Kr

[A]™ [B]™ [A]" [B]°

Multiply by -1 reverses rxn.
-aA + -bB & -xX + -yY

want (+) coeff - like in math switch reactants & products to other sides

xX +yY # aA + bB

*AxEE continued on next page **H**
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2) (cont.)

When you add reactions together to get another reaction the K for the overall reaction equals the K’s
from the added reactions multiplied together.

Rxnl + Rxn2 = Rxn3

K, * K, = K4

Proof
(1)yaA + bB 2 xX + yY and 2)cC + dD =2 rR + sS
[XT[YT _ [RT[SP
LT AT a rR1b. K, = — ¢
[A]* [B] [C]* [D]

Add the two equations (reactions) to get a third equation (reaction)

aA + bB + ¢cC + dD 2 xX +yY + rR + sS

[XT[YP[R][S] [XT*[YP [RI"[ST

K, = = ( ) *( )
[A]* [B]" [C]* [D]* [A]* [B]’ [C]° [D]

K, =K, * K,

To get reaction 3 for this question,
(3) 2NOBr(g) = N,(g + 0O,(g + Bn(g

must multiply rxn 1 by 2 and reverse rxn 2 (multiply it by -1). Then add rxn 1 and rxn 2.

(s 2NOBr(g) = 2NO(g) + Br,(g) Ko =K.
Qw1 2NO(® = Ny(g) + 0,(2) Ko =K
2NOBr(g) = N, (g9 + O, (g + Br, (g) K,

2 -1
Ky = Ky ¥ Krevj = K * K,

>
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3) 2CO@ = C(s) + COJg

use K, = K, (RT™ (An= change in moles of gas)

An = 1-2 = -1 Do NOT include pure solids, liquids or aqueous when calculating An.
_ [coy] Peos
- [cor (Pco)’

R =0.0821 Leatm/moleK NOT 8.314 J/moleK

T = 800°C + 273 = 1073K  (must be in kelvin)

K, = 7.14x 107
K, = K. (RT)™ = K, (RT)"'

= (7.14x 107%) {(0.0821) (1073)} !
K, = 8.11x10™

(v~
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4)

@!

For Pressure changes
P inc ==> fewer moles gas
P dec ==> more moles gas

Changes in Pressure do not affect liquids, solids or aqueous (their conc. do not change w. P like conc.
of gases do)

If no change in moles gas changes in P have no effect

INC Pressure go towards FEWER moles GAS
3 mol gas 2 mol gas
1) 2CO(e) + OMg) = 2CO e e >
2 mol gas 2 mol gas
2) 2NO(g) = Nyg) + 0,9 No Change (no change in moles gas)
1 mol gas 2 mol gas
3) NO(g) = 2NO@p) SS—
4 mol gas 1 mol gas
9 Nis) + 4CO® = Ni(COL® >
4 mol gas 2 mol gas
5N + 3H(® = 2NH(® e >
(1,4,5) can use stuff below but just remembering Inc P => fewer mole gas is easier

An = (# mol gaseous products) - (# mol gaseous reactants)

An <0 (i.e. # mol gaseous products < # mol gaseous reactants)

Inc P shifts rx to right
Dec P shifts rx to left

An > 0 (i.e. # mol gaseous products > # mol gaseous reactants)

Inc P shifts rx to left
Dec P shifts rx to right

An =0 (i.e. # mol gaseous products = # mol gaseous reactants)

Changing P has NO effect on the rx
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S)

Want reactant formation favored (shift left) by low P AND high T
When changes in P and T are applied at the same time do temp. part first (easier than P changes).
High T, favors reactant (shifts left) for EXOthermic (AH < 0)

Only (1), (3) & (4) are exothermic (AH < 0). Only need to apply pressure rule to these reactions.
However, I will do them all.

Low P favors more moles gas

Low P High T

4 mol gas 2 mol gas
<omme-- 1) Ny(g) + 3Hyg) = 2NH(g) + heat AH=-91.8k]  <----—----

2 mol gas 3 mol gas
------ > 2) heat + 2CO,g) = 2CO(g) + O,g) AH=+566k] ---m-->

2 mol gas 3 mol gas
------ > 3)204g) = 30,g + heat AH=-285k]  <----—----

2 mol gas 2 mol gas
NC 4) Hy(g) + Fy(gg = 2HF(g) + heat AH=-541k] <o

3 mol gas 2 mol gas
<eeme-- 5) heat + Ny(g) + 20,(g) = 2NO,g) AH=664k] - >

Only # 1 has BOTH T and P shifting left toward reactant.

>

6)
Reactant Product Shift
Add Remove Right
Remove Add Left
Move AWAY from what is ADDED
Move TOWARD what is REMOVED

NOTE: K remains constant (Q changes) for changes in conc. & pressure (Numerical value of K
changes only for temp. changes

*AxkE continued on next page **kH*
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6) (cont.)
NOTE: Adding or Removing Pure SOLIDS of LIQUIDS (as long as some is present) does NOT

affect the equil. (adding water to an aqueous rxn involving water can cause an affect due to
dilution - changing the conc. of aqueous substances).

This is because the conc. of pure solids and liquids are essentially constant and do NOT appear
in K (or Q).

You can see how Le Chatelier’s Principle works by looking at the following:

Changing conc. changes the value or the reaction quotient, Q. We can see how it changes and compare
it to K (qualitatively) to see which way the reaction shifts. See example below.

When the reaction is at equilibrium Q = K.

For example: Remove a reactant: (conc. of reactant dec.)

Q= - denominator dec, so Q inc and Q > K (too much prod, not enough react to be at equil.)
rx must shift to left to make Q = K again (inc. denominator & dec. numerator)

Shift left to make more reactant and use product to reestablish a new equil. (in which conc of
reactants and products will be different than in the original equil. but the value of K will be the same).

[P] !
1) CO(g) + 3Hy(g) = CH,(g) + H,O(g) remove H,O(g), product, Q:“[-Ii-]“’ Q <K, shift right

[P] 1
DN ¢ M) = 2NH()  addNHe). product Q = o, Q> K, shiftlef

[P] 1
3) H(g) + Fyg) = 2HF(g) add HF(g), product, Qz'[iij"’ Q > K, shift left

[P] !
4) Ny(g) + 20,(g) = 2NO\g remove NO,(g), product, Q = _ﬁi]"’ Q <K, shift right

5) BaO(s) + SO4(g) = BaSO,(s) add BaO(s), solid reactant, NO shift

A (&4
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7) Reaction is ENDOthermic so the heat is a REACTANT.
2H,0(g) + Cl(g) + heat = 4HCIg) + O,g

Raise T, add heat ==> add reactant ==> shift right (forward direction)

changing temp., changes value of K
shift right (forward) ==> inc. product (dec. reactant)

[Product] 1

= e Kinc
[Reactant] |
Remember:
Exothermic rxn (AH<0) Low T favors products

Tt Kl and T! K1

Endothermic rxn (AH > 0) High T favors products

T1 Kt and T! K|

@!



Copyright RJZ 4/21/22 10 no unauthorized use allowed
8) The reaction is starting with reactants and products. There are two steps to this problem.

First it must be determined what direction the reaction is proceeding by calculating the reaction quotient,
Q using the starting concentrations.

[L], = [Br,], = 0.400 mol/2.00 L = 0.200 M
[IBr], = 2.10mol/2.00L = 1.05M

OB (105Y
~ [L][Br,  (0.200) (0.200)

= 27.56 (only3s.f)

C

Q. (27.6) < K, (110.25)

Q. < K, numerator ([prod]) is too small, need to inc numerator (products)
Reaction must be proceeding to the RIGHT.

Set up an equilibrium (ICE) table (in molarity):

L + B, = 2IBr

initial 0.200 0.200 1.05
change -X -X +2x
equil 0.200-x  0.200 -x 1.05 +2x
IBr]? 1.05 + 2x)? 1.05 + 2x)?
K:[ I ( ) _ ) 11025
[L,] [Br,] (0.200 - x) (0.200 - x) (0.200 - x)?
(1.05 + 2x)? '
----------------- = 110.25 perfect square (take square root of both sides)
(0.200 - x)?
1.05 +2x
A0 0
(0.200 - x)
(1.05 + 2x) = (10.5)(0.200 - x); (1.05 +2x) = (2.10- 10.5x) ;
(12.5)x = 1.05 x = 0.0840 M

[L] = [Br,] = 0.200-x = 0.200 - 0.0840 = 0.116 M;

[IBr] = 1.05+2x = 1.05+2(0.0840) = 1218 M = 1.22M

A (0.116,1.22)
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9)

e

Want the conjugate base of methylamine, CH;NH,. Treat it as an acid so it will lose an H". The
conjugate base of an acid has 1 fewer proton (1 less H and a more negative charge)

CHNH, --> CHNH + H

acid conj. base

If you want the conjugate acid of methylamine, CH;NH,, treat it as a base and add H" to it. The
conjugate acid of a base has 1 extra proton (an extra H and a more positive charge)

CH,NH, + H" ---> CH,NH,"

base conj. acid
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10)  Use the definition of K.

=

K, = [H][OH]

For a neutral solution (pure water), [H'] = [OH]. This is true no matter what the temp
and the value of K.

At25°C

K, = [H][OH] = 1.0x 10

[H] = [OH] = 1.00x 107 pH=7.00 neutral
[H] > 1.00x 107 pH<7.00 acidic
[H] < 1.00x 107 pH>7.00 basic
At37°C

K, = [H][OH] = 2.40 x 10

even at 37°C for a neutral solutions [H'] = [OH]

x* =240x10™ x =1.549x 107

[H] = [OH] = 1.549x 10”7 for a neutral solution
pH=-log [H]=6.81 for a neutral solution at 37°C

At 37°C a solution with pH = 7.00 is basic.

The definition of a basic solution is one in which the pH is greater than that for a neutral solution at a
particular temperature. The definition of an acidic solution is one in which the pH is less than that for a
neutral solution at a particular temperature.

At 37°C a solution with pH = 6.81 is neutral
pH < 6.81 is acidic

pH > 6.81 is basic
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11)

@

12)

Given the pH of a solution of 0.10 M NH,ClI containing 0.10 M NH; as 9.20 and want [H;0"]

First of all remember that H;O" = H" (i.e. H" is shorthand for H;0O", hydronium ion)
pH = -log [H] pOH = -log [OH]
[H] = 10"" [OH] = 107"

It doesn’t matter what the solution is, you are given the pH so the problem is quite straight forward

[H] = 10™ = 10°% = 63x 107

Remember the following:
Larger K, ==> smaller pK, ==> stronger acid ==> weaker conjugate base
Larger K, ==> smaller pK, ==> stronger base ==> weaker conjugate acid

K, x K, =K, fora conjugate acid-base pair.

Ka
HS" = H' + §* 12x107"
HPO,” = H' + PO, 48x107"
K, for HS™ < K, for HPO,* : HS™ weaker than HPO,*

Since HPO42_ is the stronger acid its conjugate base, PO43 -, will be weaker.

K, (87) = 83x 107 K, (PO,) = 2.1x 107
HS weaker acid s> stronger base
HPO42_ stronger acid PO43 - weaker base

Q (Weaker, Stronger)
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t t of an

13, What is the ionization constan cid if the hydronium i entration of a 0.500 M solutio
1.70 x 10 M?
a) 3.62x 107 b) 2.89x 107 c)* 5.80 x 108
d) 1.16x 107 e) 1.70x 107

[H¥D= h7onpp” M
LHA] = . 500 »7
HA = K +/?
&
—x ¥
§0060° X 4 z
=2

el _ %

/( Zm; 00- X
A/ (/ 70 /o 0
'y

[+ o-/70x/0)

— 5_.?0)‘,0—3
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25.

For the following reaction, calculate the value of AG (kJ) at 25°C in a solution when
[Co*] = 0.0050 M, [NH,] = 0.10 M, and [Co(NH,)*] = 1.00 M.

Co™(ag) + 6NHyagq) = Co(NH,).>(aq) AG°® = -41.7kJ

a) -47.4 b) +20.5 )* +5.7 d) -205 e -5.7

AG = AG + RT*InQ

[ Co(NH,)s™] (1.00)
o = mmmmmmmmmmmmmmmmmemn D e = 2.0x 10°
[Co*] [NH,]® (0.0050) (0.10)°

AG = -41.7kJ + (8.314 x 10° kJK)(298.15 K)*In(2.0 x 10°)

AG = -41.7kJ + 47.37kJ

AG = +5.67kJ = +5.6 kJ
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