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1.Several years ago, two garbage workers in New York City were exposed to hydrofluoric acid. This
acid is usually sold in 500.0 milliliter Teflon bottles (It can not be stored in glass because it will dissolve
the bottle!). It has a boiling point of 19.54 °C and a density of 0.991 g cm-3. Hydrofluoric acid causes
extremely severe chemical burns and is capable of dissolving bone. Hydrofluoric Acid Safety Video is
available from filemedia. The Material Safety Data Sheet for HF is available from J.T.Baker.
a.Write a balanced chemical equation that describes what happens when hydrofluoric acid is added
to water.

HF + H,0 <--> H O + Fl-

b.Write the equilibrium expression for this balanced chemical equation

_CFCH3o

Ka

ChrF

c.If the entire contents of this bottle is mixed into a 55 gallon barrel of water. What is the equlibrium
concentration of HF, H;01*, F1-, and OH1-? Clearly show your work and identify any assumptions that
you make.

First, the amount of HF.
V HE=500.0-mL
r |_":::0.991-gm-mL'l
mass =V et HE mass e = 495.5°gm

MW 4= (1.00794 + 18.9984032) -gm-mole’*

MasS HF

mole = mole = 24.767*mol
HF MW HF

The Initial Concentration of HF

V solution =5>94
mole 4
C HF_initid = —— C HF_initia = 0-119°M
solution
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To reach equlibrium the concentration of HF will decrease by X, while the concentration of F1-
and H;O* will increase by X. This gives an equlibrium expresion where:

2
K = X

-
CHF initia — X

2
Ka= EJK a T 4KaCHF initia

,_ 4
K 4:=7.2:10"M
1, 1
2
X =
1, 1
2
-9.622¢10 °
X = oM
8.902+10 3

2
K a+E'JK a T 4KaCHE initia

Select the appropriate root.

The equlibrium concentrations of each species are:
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C HF = CHF initia ~ X

CH3o =X

o .[o1e]
HFE™1 011

_|-0622010°3
CH3o* 3

8.902:10

3

co- -9.622¢10
F 3

°M

8.902¢10

-1.039010 12

- <,I\A

C o, =
OH _
112310 12
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2.A solution is prepared by diluting 2.50 g of potassium fluoride to 250.0 mL with deionized water.
Calculate the concentration of all the ions present in this solution at equlibrium. Clearly identify any
assumptions that you make while solving this problem.

Initial Conditions:

mass i g := 2.50-gm

Vv solution :=250.0-mL

1

MW g = (39.0983 + 18.9984032) -gm-mole’ MW g g = 58.097 ogm-mole'l

MESKF
mole ypi=— mole = 0.043*mol
KF MW KF
KF
mdeKF
C KF_initid =7 —— CKF initia = 0-172°M
solution

KF ---> K+ + FI-

So that we now have the following in solution with water:

C K_initia "= C KF_initial CK_initial = 0-172°M

C F initia = C KF_initia CF initia = 0.172°M

First the potassium ions could react with the fluoride ions in the reaction:
KM + Fl oo KF

Potassium Fluoride is a salt, so when added to water, it will dissocaite into an anion and a cation.
This reaction will go to completion:

A number of possible reactions could occur. Let's write each out and then evaluate what will
happen:

Notice that | did not yet write in the arrow. Now we have to decide what way it goes; to the

right, to the left, or an equlibrium.

Since KF is a soluble salt, this reaction is not an equlibrium, it goes fully to the left. It favors
the reactant. It does not occur. Since this reaction does not occur, we will not work with it.

We write it as:
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Also the potassium ions could also react with the water in the reaction:
KM* + HO ----eee- KOH + H1*

This could also be written as:
KM* + 2H,0 --------- KOH + HgO*

Notice that | did not yet write in the arrow. Now we have to decide what way it goes; to the
right, to the left, or an equlibrium.

Since KOH is a strong base, this reaction is not an equlibrium, it goes fully to the left. It
favors the reactant. It does not occur. Since this reaction does not occur, we will not work
with it. We write it as:

K* + 2H,0 <-----mme- KOH + HgO*

Finally the fluoride ions could react with the water in the reaction:
F" + H,O --------- HF + OH'

Notice that | did not yet write in the arrow. Now we have to decide what way it goes; to the
right, to the left, or an equlibrium.

Since HF is a weak acid, this reaction is an equlibrium. So now we have to deal with the
equlibrium reaction and expression. We write it as:

To work with this, notice that OH®- is produced in this reaction. That is the clue that it is a
base reaction. So we can write a base (Ky) expression for the reaction.

_CHrFCon

K
b
Cr

Next we need the value for Ky

- . 14,2
K=K 2K b Ky =1010"M
K
K b :—_W
Ka

K= 138910 1 oM
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And then rewrite the equlibrium expression:

2

K b=x—
CFE initia — X
-1 1 2
—Kp- —'JK b +4KpCE initia
2 2
X =
-1 1 2
—K b"‘—'JK b +4KpCE jnitia
2 2
~1.546+10 ©
X = oM
1.546+10 ©

Calculate the concentration of all ions present:

: [o0a72
CF eq=CF initid = X CFea™| o170 |™
i _|-154610°®
CHF=X CHF= 5 |
154610
i _|-1546+10°®
Con =X Con= 5 |™M
154610
K _ -9
Ky _|-6.468010
CH30, = Chzo= 9
i 6.468+10
acidbaseii_a.mcd 5 S.E. Van Bramer

3/2/99 svanbram@science.widener.edu



3.A solution is prepared by diluting 2.50 g of potassium chloride to 250.0 mL with deionized water.
Calculate the concentration of all the ions present in this solution at equlibrium. Clearly identify any
assumptions that you make while solving this problem.

Initial Conditions:
mass i ¢ +=2.50-gm

Vv solution :=250.0-mL

1

- -1
MW ¢ = (39.0983 + 35.4527) -gm-mole MW o = 74.551-gm-mole

masSy ¢

mole = = mole = 0.034*mol
KCI KCI
MW ka
mole
. KCI )
C ka_initia = 5—— Ckal initial = 0-134°M
solution

Potassium chloride is a salt, so when added to water, it will dissocaite into an anion and a cation.
This reaction will go to completion:

KCIl---> K1+ + CI-

So that we now have the following in solution with water:

C k_initial = C KCl_initial C K _initial = 0-134°M

C cl_initia = C KCl_initia C ¢l initial = 0-134°M

A number of possible reactions could occur. Let's write each out and then evaluate what will
happen:

First the potassium ions could react with the fluoride ions in the reaction:
K + CItr —eeeeee- KCI

Notice that | did not yet write in the arrow. Now we have to decide what way it goes; to the
right, to the left, or an equlibrium.

Since KCl is a soluble salt, this reaction is not an equlibrium, it goes fully to the left. It favors
the reactant. It does not occur. Since this reaction does not occur, we will not work with it.

We write it as:
K1+ + ClI1" <emmmmee- KCI
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Also the potassium ions could also react with the water in the reaction:
KM* + HO ----eee- KOH + H1*

This could also be written as:
KM* + 2H,0 --------- KOH + HgO*

Notice that | did not yet write in the arrow. Now we have to decide what way it goes; to the
right, to the left, or an equlibrium.

Since KOH is a strong base, this reaction is not an equlibrium, it goes fully to the left. It
favors the reactant. It does not occur. Since this reaction does not occur, we will not work
with it. We write it as:

K* + 2H,0 <-----mme- KOH + HgO*

Finally the chloride ions could react with the water in the reaction:
Clt + HO ------m-- HCI + OHT

Notice that | did not yet write in the arrow. Now we have to decide what way it goes; to the
right, to the left, or an equlibrium.

Since HCl is a strong acid, this reaction is not an equlibrium, it goes fully to the left. It favors

the reactant. It does not occur. Since this reaction does not occur, we will not work with it.
We write it as:

Clt + H,O <------m- HCI + OH!-

Now the only reaction left that has not been considered is the autoionization of water:
2 H,0 <----> H,0* + OHY

The equlibrium expression for this is:

Kw=CH30C oH

K =X X
X =, [K X = 1410 7 oM
' W
C yae =X Cyay = 1010 7 oM
H30* H30 =
C o =X C o = 1010 7 oM
OH' OH =
Ca=Ccl initia C ) =0.134M
Ck=C_initia C=0134M
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4.A solution is prepared by adding 2.50 g of hydrochloric acid to 250.0 mL with deionized water.
Calculate the concentration of all the ions present in this solution at equlibrium. Clearly identify any

assumptions that you make while solving this problem.

Initial Conditions:
mass ) = 2.50-gm

Vv solution :=250.0-mL

-1
MW ) = (1.00794 + 35.4527) -gm-mole

mole = M Hal
HCl '~
MW Hei
c _ mole HC
HCl_initial '~ v -
solution

MW ) = 36.461 ogm-mole'l

mole HCl = 0.069+mol

C Hel_initial = 0-274°M

Hydrochloric acid is a strong acid, so when added to water, it will dissocaite into an anion and a

cation. This reaction will go to completion:

HCI + H,0 ----> Hz O + CI-

So that we now have the following in solution with water:

C H30 *=C Hel initia

C a1 =CHcl_initia
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C H30 = 0.274°M
C g = 0.274+M

_ -14
C oy = 3646410 ~ oM
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