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Passage Il

A high concentration of dissolved micke! (Ni*") in
wastewater 15 an environmental concern. Students studicd
the removal of Ni'* from wastewater, using an agueous Nit™
solution as 8 model of wastewater.

In water, hydroxide {OH™) reacts with Nt to form
nickel hydrpm!e: monchydrate [Ni(OH},H0). The bal-
anced chemical equation for this reaction 15

Ni™* + 20H™ + Ha0 = NifOH), 1,0

Becanse the monohydrate is a solid, it can be filtered from
the solution. Some of the solid will eventually dissolve if it
ig left in contact with the solution.

The students did 2 experiments to stdy how reaction
time and filtration method affected the removal of Ni®
from the aguecas Ni** selution,

Experiment |
In gach of Trials 1-3, Steps 1-4 were performed:

1. Thirty-iwo mL of agueous 1.0 moele/L OH™ solution and
260 ml of aquecus 0060 mele/L Mi¥ solution were
ponired into the same Mask,

2. The mixtere was strred at 22°C for 10 min, 3 days, or
T days,

3. Solid monohydrate was recovered by standard filtration
(see Figure 1)
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4. The concenfration of Ni*° in the Silirate, CNF, was
determined, in milligrams of Ni*' per kilogram of solu-
tom {mgfkgh.
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Experiment 2

In each of Trials 4=6, Steps 1=4 in Experiment 1 were
performed except that in Step 3, solid monohydrate was
recovered by vaceum filtration (see Figare 2).
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The results of Experiments 1 and 2 are shown in
Table 1.

Tatle 1
Reaction | CNF
Experiment | Trial Litne (mgfkg)
1 10 min 4]
I 2 3 days 39
3 7 days d2
4 10 min 58
2 5 3 days 6%
i} 7 days 73

Tabhe 1 adapted fram K. Blake Corcoran, Brian E. Raod, and Bridgel
G, Tragdan, "Chemical Romediation of Mickal(ll} Waste: A Labora-
tory Exparimant for Ganerl Chemisiry Studants.” 82010 by Divisicn
of Chamical Eduzation, Inc., Amarican Chamical Saciety,

7. If a rcaction time of 2 days had been tested in Experi-
ment 1, the CHF would most likely have been:
A less than 6 mg/kg.

B. between 6 mgfkg and 39 mgdkg.
C. between 39 mg,ffg and 42 nu;-'%g.
D, greater than 42 mgfkg,
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8. Based on the results of Experiments 1 and 3, what

1,

combination of reaction time and filiration method
resulted in the lowest concentration of dissolved nickel
in the filirate’®

reaction time filtration method

F. 10k min standard
[E3 7 days standard
H. 10 min vacuum
J- 7 days vacuum

L Wias the net force exerted on the mizture i the funne

more likely greater in Trial 3 or in Trial 6 7

A, Trial 3, because the filtration apparatus was con-
nected to @ vacuum pump.

B. Tral 3, because the filtration apparatus was not
connected 0@ vacuwm pump.

. Trial 6, because the filtration apparatus was con-
nected o & vacunm pumg.

D. Tral &, because the filiration apparaius was noi
conmecled e 3 vacuim pump,

Im each irial, the students performed which of the fol-
lowing chronological sequences of steps?

E. Measuring the CMFE; recovering the solid by filtra-
tion; mixing the Ni™™ and the OH™ solutions

G. Mixing the Ni*™ and the OH™ solutions; recovering
the solid by filtration; measuring the CNF

H. Recovering the solid by fltration; measaring the
CNF; mixing the Ni™ and the OH" solutions :

J.  Recovering the solid by fliration; mixing the Ni™
and the OH solutions; measuring the CNF

O
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A student predicted thay when sobid monohydrane is
recovered by vacuum fltration, o greater CHNE will
result for a reaction time of 3 days than for a reaction
time of 10 min. Do the data in Table | support this
prediction?

Mo, Trial | had a greater CMF than did Trial 2.
Mo Trial 5 had a greater CMF than did Trial 4.
Yes; Trial 1 had a greater CNF than did Trial 2.
Yes; Trial 5 had a greater CNF than did Trial 4.

SR

In how mony of the 6 trials was nickel hydroxide
monohydrate recovered by standard hiltration after
OH™ and Ni® had been allowed to react for at least
3 days?

F.
G.
H.
I

L=

Based on the balanced chemical equation in the pas-
sape, as 6 OH” ions are consumed, how many formula
units of Mi{OH)-H,0 are produced?

A3
E 6
.12
D. 18
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