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Purpose of the Experiment

Determine the effect of a change in a reaction condition on a chemical sys-
tem at equilibrium. Correlate the observed responses with Le Chételier’s

principle.

Background Information

When a chemical reaction proceeds in the direction
written until one of the reactants is consumed, we say
the reaction goes to completion. For example; if we
place a small piece of metallic sodium (Na) in water
(H50), the reaction shown in Equation 1 proceeds as
written until all of the Na has reacted. The single arrow
(—) indicates that the reaction proceeds to completion.

2 Na(s) + 2 H,O(l) = 2 NaOH(aq) + Ho(g9)  (Eq.1)

Some reactions are not so straightforward. For ex-
ample, when we mix solutions of cerium(lV) ammo-
nium nitrate, (NH,4),Ce(NOz)g, and iron(ll) nitrate,
Fe(NO,),, water-soluble cerium(lll) nitrate, Ce(NQOg)s,
iron(lll) nitrate, Fe(NOg)s, and ammonium nitrate
(NH,NOg) are formed, as shown in Equation 2.

(NH,),Ce(NOg)g(aq) + Fe(NOz)o(ag) —
Ce(NOg)a(aq) + Fe(NOg)a(aq) + 2 NH4NO5(aq)
(Ea.2)

The complete ionic equation for this reaction is shown
in Equation 3.

2 NH,*(aq) + Ce**(aq) + Fe?*(aq) + 8 NO5 (aq) —
2 NH,*(aq) + Ce**(aq) + Fe**(aq) + 8 NO5 (aq)
(Eq.3)

Because equal numbers of ammonium ions (NH4")

and nitrate ions (NO4") appear on both sides of the

equation, these ions are not directly involved in the re-
action and can be eliminated from the equation. We call
such ions spectator ions. The equation showing only
reacting species is called the net ionic equation. The
net ionic equation for the reaction in Equation 2 is given

in Equation 4. This equation represents the forward re-
action for this chemical system.
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Ce4+(aQ) + Fe2"'(aq) — Ce®*(aq) + Fe*(aq)

(Eq. 4)
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For the general chemical reaction in Equation 7,

aA + bB — cC+ dD

(Eq.7)
the equilibrium-constant expression is:
[C1° D]
eq = . _ (Eq 8)
[A]4[B]

The equilibrium-constant expression is the ratio of the

molar concentrations of the products to those of the rg-
actants. Each concentration term in the e.xpressuio.n is
raised to a power equal to the stoichiometric coeﬁnc!ent
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A chemical system is at equilibrium when the equilib-
rium constant equals the reaction quotient (Kyq = Q).
Under non-equilibrium conditions, Q does not
equal Keq. Forinstance, if a system at equilibrium is
disturbed by a change in the concentration of one of the
components, Qwill no longerequal Keq- It Qisless than
K<aq (Q< Keq), the relative amount of reactants is too
large compared to that of products to satisfy the equilib-
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t('?oe“ 10N solution to ‘the System represented by Equa-

n 6, the system will no longer be at equilibrium (Q
Kag)- At the moment we add the solution, the magni-
tu-de of the denominator inthe Qcalculation is too large
with respect to the magnitude of the numerator for the
system to remain at equilibrium. Hence, Q will be less
than Keq: and the forward reaction will temporarily bro-
ceed faster than the reverse reaction, until the system
reaches a new equilibrium state. When the rate of the
forwa'rd reaction once again equals that of the reverse
reaction, another new equilibrium state is reached.
However, Kaq does not change, even though the indi-

vidual equilibrium concentrations of the components
have changed.

Similarly, if we rémove some of the Fe®* ion from
the equilibrium mixture described by Equation 6, we
Will temporarily disturb the system. At the moment we
remove the Fe®* ion, the magnitude of the numerator in
the Qcalculation is too small with respect to the magni-
tude of the denominator for the system to remain at
equilibrium. Hence, Qwill be less than Kaqs @nd the for-
ward reaction will temporarily proceed faster than the
reverse reaction, until the system reaches a new equi-
librium state. When the rate of the forward reaction
once again equals that of the reverse reaction, the sys-
tem has reached a new equilibrium state. Again, Keq
does not change, even though the individual equilib-
rium concentrations of the components have changed.
Most changes in chemical systems are accompa-
nied by the transfer of heat. When we write a chemical
equation for a reaction, we can include heat either as a
reactant or a product, whichever is appropriate. A reac-
tion in which heat is released is an exothermic reac-
tion, and one in which heat is absorbed is an endo-
thermic reaction. Another way to disturb a chemical
system at equilibrium is to heat or cool the equilibrium
mixture. Although heat does not appear in the equilib-
rium-constant expression, we can predict the effect of
heating or cooling a system at equilibrium, To do so, we
consider heat either as a reactant or product and apply

Le Chaételier’s principle.
For example, heat is absorbed during the disso-

lution of solid NH4;NOg in water, which forms ammo-
nium lons (NH,*) and nitrate ions (NO5™), as shown in

Equation 10. Because the forward reaction is endother-
Mic, we can include heat as a reactant in the equation.

heat + NH,NOgz(s) == NH,*(aq) + NO3z™(aq)
(Eq. 10)

If we heat the system at equilibrium described by Equa- | & -
tion 10, the effect is as though we had increased the i
concentration of one of the reactants. Hence, the 1%
chemical systermn will respond by forming more NH4* Bh
and NOg™ Ions until the system has reached a new

equilibrium state. In such cases, we say that the equilib-

rium shifts to the'right, meaning that more products

form from the reactants. If we cool this new equilibrium
mixture, the equilibrium will shift left, producing more
reactant and heat. When we heat or cool a system at
equilibrium, Kaq Willchange, because it is temperature-

dependent. _
In this experiment, you will study several systems

at equilibrium, using microscale techniques. Yc?u will
begin by studying the dissociation of a weak amdl, h\_(-
drogen sulfate ion (HSO,~), in water. The net ionic
equation for this reaction is shown in Equation b

HSO,(aqg, colorless) + H,O(, colorless) =
Hg0*(aq, colorless) + SO,2(aq, colorless) (Eq.11)

You will add Thymol Blue to the reaction mixture in or-
derto detect changes in H;O* ion concentration. in thli
system, Thymol Blue turns increasingly red as H30
ion concentration increases, and increasingly or-
ange-yellow as H5O™ ion concentration decreases. You
will observe the effects on the equilibrium when you
add sodium sulfate solution (Na;SQO,) and solid so-
dium hydrogen sulfate (NaHSO,). Recall that both
Na,SO, and NaHSQ, are strong electrolytes and es-
sentially completely dissociate into their respective
ions in solution.

Inthe second part of the experiment, you will study
the dissociation equilibrium of a slightly soluble salt,
magnesium hydroxide, Mg(OH),. You will prepare the
equilibrium mixture, shown in Equation 12, by mixing
magnesium chloride (MgCl,) and NaOH solutions.

MgCly(aq) + 2 NaOH(aq) =
- Mg(OH),(s, white) + 2 NaCl{aq)

The netionic equation for this reaction is given in Equa-
tion 13a, but for convenience, we will consider this re-
action written as shown in Equation 13b.

Mg?*(aq) + 2 OH™(aq) == Mg(OH)s(s)  (Eq. 13a)
Mg(OH),(s) == Mg®*(aq) + 2 OH™(aq)  (Eq. 13b)

You will observe the effect of adding hydrochloric
acid (HCl), a source of H3O" ion, to the equilibrium

(Eq. 12)
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at equilibrium described in
heating and cooling.

Procedure

Chemical Alert
0.1M cobalt(ll) chloride—toxic and irritant
concentrated hydrochloric acid—toxic and
corrosive
95% ethyl alcohol—flammable
0.5M Na,EDTA—irritant
1M magnesium chloride—irritant
0.1 M silver nitrate—toxic and oxidant
sodium hydrogen sulfate monohydrate
—corrosive and moisture sensitive
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dium hydroxide—-toxic and corrosive

PR 1M sodium sulfate—irritant

mentally approved eye

Caution: Wear depart ment.

protection while doing this exper!

Note: If Beral pipets are notbeing useq fodrthlé;rzce-
periment, your laboratory instructo‘r will 93 y
and demonstrate the use of the available pipets.

Note: The numbers appearing in parentheses
indicate the specific lines on your Data Sheet on
which the indicated data should be entered.

l. Preparing Water Baths

0.1 M sodium hydrogen sulfate—corrosive

Caution: Take extreme care when using a
hot-water bath. Avoid touching the hot beaker and
the hot plate. Do not let the water boil.

1. Prepare a hot-water bath. Half fill a 150-mL beaker
with tap water. Heat the beaker and water on a hot
plate, adjusting the temperature control from time to
time, so that the water will be hot by the time you are
ready to do Step' 11. Because you will use the
hot-water bath throughout the experiment, check it pe-

riodically and replenish the water if the level becomes
less than a quarter full.

2. Prepare an ice-water bath. Half fill a 150-mL
beaker with ice. Add tap water until the ice-water com-
bination fills half the beaker. Because you will use the
ice-water bath throughout the experiment, check it pe-
riodically and add ice if all of the ice has dissolved.

Il. Labeling Equipment

Note: Equipment can be labeled either by
using a lead pencil on the etched spots on the
glassware or by applying a gummed label or
tape to the equipment and writing on the label
or tape.

Your laboratory instructor will give you addi-
tional directions for labeling your well plate,
test tubes, and Beral pipets.




Figure 1 Labeling a 24-well plate

4. Label five clean, d

follows:
“NaHSOQ, solution” “NaySO, solution”:
“MgCl, solution”

“NaOH solution”
“CoCl, solution” O

lll.  Studying the Equilibrium of a Weak
Acid, HSO4‘ lon, in Water

HS0,7(aq) + Hy0(l) == H40%(aq) + SO,2~(aq)
(Eq. 11)

Caution: Solid NaHSO, is a corrosive, mois-
ture-sensitive substance, and NaHSO, solution
is ‘also corrosive. Prevent contact with your eyes,
skin, or clothing.
If any solution is spilled, immediately notify your
laboratory instructor.

S. Inthe test tube labeled “NaHSO, solution,” place 5
mL of NaHSO, solution. Stand the test tube in a test
tube support rack or a 400-mL beaker.

In the test tube labeled “Na,SO, solution” place 5

mL of Na,SO, solution. Stand this test tube in the rack
or beaker.

6. Fillaclean, dry Beral pipet with NaHSO, solution.
Add 10 drops of the solution to Wells A-1, A-2, and A-3.

Add 20-drops of the solution to Wells A-4 and A-5,
Place the pipet in the “NaHSO," test tube.

ry 15 x 125-mm test tuées és

water. Expel as much water as

Your laboratory instruct i
mixing technique you ar‘e*té‘iijp-‘é’; ™
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7. Add 1 drop of Thymol Blue .indtejaf ¢
a dropper bottle t0fthef.NaHSO4:soluﬂen§Ifi! e
Thoroughly stireach mixture with a clean togd
small glass stirring rod. Leave 'the:.«tootl'_lpl;_‘ Ak
wells. Observe the color of the mixture in each'
Record this color on your Data Sheet (1).

Note: In Steps 8and 9, use the color of the solu-
tion in Well A-2 as a standard agau.\st which to
compare the colors of the solutions in Wells A-1
and A-3.

8. Fill a clean, dry Beral pipet with Na,SO, solution.
Add one drop of Na,SO, solution to the mixture in Well
A-1. Place the pipet in the “NasSO," test tube. -
Thoroughly mix the solution with the toothpick in
the well. Compare the color of the mixture with that of
the standard in Well A-2. :
Continue to add drops of Na,SO, solution to Well
A-1 until you see a color change, stirring after each addi-
tion. Record your observations on your Data Sheet (2).

9. Using a micro spatula, add a crystal of NaHSO, to
Well A-3. Stir the mixture to dissolve the crystal. =
Continue adding individual crystals of NaHSO, un-

til you see a color change. Record your observations on
your Data Sheet (3). | .

et

10. Fill an empty 150-mL beaker with tap watet.er_ﬁe
the Beral pipets you used in Steps 6 and 8 byﬁl!tpg
each with tap water and expelling the water iﬁidliﬁé g
container labeled *Discarded HSO, Reaction: Mix-
" § &1 € i e i
tures.” Repeat the rinse, discarding the water into § '
drain. Rinse each pipet twice with distillac ordej

™
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andg Shap th ulb t €inverteq Pipet tip
inger, ax Sctly below the tip with, your fore-
Y Solution i, y " Figu 'nue doing
Pipet, by, :

Figure 2
bulb of g Bera/

Draining liquid from the Steminto the *
Plpet - sris - s, '

5 into the secong

» following the Procedure in Step 11 . Place
n, in the ice-water bath,

13. Occasionally swir| the

hot-water bath to.speed the heating process. Observe

the color of the mixture in the pipet. Record any color
change on your Data Sheet (4). -

Pipet and contents in the

14. Occasionally swirl the pipet and contents in the
ice-water bath to speed the cooling process. Observe
the color of the mixture in the pipet. Record any color
change on Data Sheet (5).

16. Exchange the pipets in the two baths.

Observe the color of the mixtures in the twot ;z;pe?t;.
'?:cord any color changes on your Data Sheet (6, 7).

B

croscale Techniques
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17. Transferthe ml)'ztures S|n csgn
HSO," Reaction Mixture e
Beral pipets to transfer the L

and A-3 into the same con

' ter. Thor-
18. Fill Wells A-1 through A-5 with taava;?a AN
ou.ghly stir the water in each:mg". Uzed G Boes
transfer the tap water to the “Discarae
' s” container. - -
ol g:g::this process twice, but use distilled w
instead of tap water. . e
lns’tePIace thg toothpicks in the “Discarded Toothpic
container. :
Dry the wells with a disposable, absorbent tissue
or cotton swabs.

tainer. Use onée of thze
f Wells A-1, A-2,

19. Discharge any solution remaining in the Beral

Pipets into the “Discarded HSO,~ Reaction Mixtures
container.

20. Fill each of the Beral pipets with .tap water', an:
carefully expelthe water into the container mentione
in Step 19. n o

Repeat this procedure twice with distilled water.

Remove as much water from the pipet as possible.

21. Dispose of the contents of your “NaHSO, Sfalu-
tion” and “Na, S0, solution” test tubes in the container

labeled “Discardeq NaHSO,~ Reaction Mixtures”
Rinse the test tubes twice with t

Note: Your laborato
Whether you are to com

"4 Studying the Equilibrium of g Sli

ghtly
Soluble Salt, Mg(OH),

Mg(OH),(s) = Mg2*(aq) +20H7(aq)  (Eq:1ap)

22. Place 10 mL of 1.0M M
solution” test tube. Fill one of the Beral pipets you
rinsed in Step 20 with the MgCl, solution. Add 20 drops
of the MgCl, solution to Wells B-1, B-2, B3, ang B4,
Place the pipet in the “MgCl, solution” test tube,

23. Add 1 drop of phenolphthalein sol
dropper bottle to the solution in Wells

gCl, solution in the “MgCl,

ution from a
B-3 and B-4.
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Data Sheet (15, 18). ce of

Caution: Concentrateq HCl is a very toxic, cor-

;(;intve substgnpe. P.revent eyes, skin, and clothing
act. Avoid Inhaling the vapors or ingesting the

Substance.
If you spill any acid, immediate|

h notify your lab-
oratory instructor, 4 % a8

25. Add one drop of concentrated HCI from the drop-
per bottle to the mixture in Well B-1. Stir the mixture.
Continue to add HCI dropwise until you see a color

change. Record your observations on your Data Sheet
(16).

26. Add onedrop of Na,EDTA solution from the drop-
per bottle to the mixture in Well B-2. Stir the mixture.
Continue to add Na,EDTA solution dropwise until you
see a color change. Record your observations on.your

Data Sheet (17).

27. Draw the solution and as much of the precipitate
as possible from Well B-3 into the bulb of the “MgCl,
solution” pipet. Carefully expel the solution back into

the well in order to mix it. |
Following the procedure in Step 11, draw the mixed

solution and precipitate in Well B-3 into the pip‘et bulb
and invert the pipet. Place the pipet, bulb down, inyour

hot-water bath.

sh.ﬁ <) vg"}ﬂ
| aiaiiacne
30. Exchange the
the pipets to remain in their
for 3 or 4 min. Observe th
.31 . Expel the contgn{:s‘ oj (t;;:;!;%-‘
Into the container labeled “Discarded M
tion Mixtures”. Use one of your Beral pipets
the contents of Wells B-1 and B-2 into the
containet.’ -8 I9Gig ENGS DESAE SRR
' ™ O 3¢ hosingled YO
32. Fill Wells B-1, B-2, B-3, and B-4 with tap water.
Thoroughly stir the water. Use a Beral pipet to transfer
the tap water into the container mentioned in Step 31.
Repeat this process twice, but use ﬂis’t_iiiéﬁ“\hé&%‘:‘
instead of tap water. Place the toothpicks in the “Dis-
carded Toothpicks” container. Dry the wells with a dis-
posable, absorbent tissue or cotton swabs.
O o |
33. Discharge any solution remaining in the Beral
pipets into the “Discarded Mg(OH), Reaction Mix-
tures” container. ST TiE
Fill your Beral pipets with tap water and carefully
expel the water into the same container. MW
Repeat this procedure twice with distilled water. ‘
Remove as much water from each pipet as possible. \
: &
|

34. Dispose of the contents of your “MgCl, solution®

test tube in the “Discarded Mg(OH), Reaction Mix-

tures” container. Rinse the test tube twice with tap wa-
ter, pouring the rinse water into the same container.
Rinse the test tube twice with distilled water. Pour this
rinse water into the drain.

B e o ]
%

RNNeY ;
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Note: Your laboratory instructor will inform
whether you are to complete Data She
23-29 at this time, or if you are to immediat
gin work on Part V. ol
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Stugy,; NOj solutio re. Con-
hg the Eq drop of AQNQOg ir the mixture.

uil : . Add one 1. Stir b-
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. and should not be used near open flames.

p ; he
40. Add one drop of absolute ethyl alcohol ftrr?;nrr:ix-
: ’ropper bottle to the mixture in Well C-2. Stlr el
ture. Continye adding ethyl alcohol dropwise u

observe a color change. Hecord your observations on
your Data Sheet (35).

41, Using a clean, dry Berg| pipet, half fill Well C-3
with CoCl, solution,

Add one drop of distilled water to
the mixtyre. Stir the mixture, Continue to add water

dropwise jys¢ until the solution has changed color. Re-
cord the color change on your Data Sheet (36).

A i 1to drain an
Solution in the pipet Stem into the bulb. Place the Pipet,
Pwise, s tirring after each drop, (t:ct):rl]tz dotwn, in yciaur h'?t-:vater bztr;i:] Sv;]nrl the pipet and
until yoy Observe g Color Change, Record your obser- 1S occasionally o Foou o ha
vations on your Data Sheet (32).

eyes, skin,

or clothing contact, | any of the soly-

your hot plate.
Place the pipet, bulp down, in the Ice-water bath
h rskin immediately wash with co- Swirl the Pipet and contents Occasionally to Speed the
tion touches you ’ | oboling ore
plous amounts of water, and then notify your . gp

laboratory instructor.

.
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44. Use one of your Beral pipets to transfer the mix-
tures in Wells C-1 and C-3 into the “Discarded
[Co(H,0)¢]?* Reaction Mixtures” container.

45. Wash, rinse, and dry Wells C-1, C-2, and C-3, fol-
lowing the procedure in Step 32. Discard the tooth-
picks in the “Discarded Toothpicks” container.

46. Discharge any solutions remaining in your Beral
pipets into the “Discarded [Co(H,0)e]%* Reaction Mix-
tures” container.

47. Fill your Beral pipets with tap water and carefully

expel the water into the container mentioned in Step

46. Repeat this procedure twice with distilled water.

Remove as much water from each pipet as possible.
Do not discard the Beral pipets.

48. Dispose of the contents of your “CoCla sol’t,Jtlon-
test tube in the “[Co(H,0)e]2* Reaction Mixture” con
tainer. Rinse the test tube twice with tap water, pouring
the rinse water into the same container. Rinse the test
tube once with distilled water. Pour the rinse water into
the drain.

Note: Your laboratory instructor will inforrp you
whether you are to complete Data Sheet items
39-49 before you leave the laboratory.

Caution: Washyourhands thoroughly with soap
or detergent before leaving the laboratory.
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