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DIRECTIONS: Most of the questions in the following
test are organized into groups, with a descriptive
passage preceding each group of questions. Study the
passage, then select the single best answer to each
guestion in the group. Some of the questions are not
based on a descriptive passage; you must also select the
best answer to these questions. If you are unsure of the
best answer, eliminate the choices that you know are
incorrect, then select an answer from the choices that
remain. Indicate your selection by blackening the
corresponding circle on your answer sheet. A periodic
table is provided below for your use with the questions.
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GO ON TO THE NEXT PAGE.
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Passage | (Questions 1-7)

Tetraphosphorus  deceoxide, P,O;5, a powerful
dehydrating agent that can be used in the preparation of
nitric anhydride, N,Og. In this reaction, P,O,q is used to
remove water from concentrated nitric acid as shown in
Reaction 1.

12 HNO3 + 3P40)g - 4(HPO3)3 + 6 N,Og
Reaction 1

Using this reaction, a chemist investigated which
concentrations of reactants would give the highest yield of
products. Three experiments were performed in which
varying amounts of tetraphosphorus decaoxide were used;
the results of these experiments are summarized in Table
1.

Table 1

Reactants Used and Products Produced

Experiment [ HNO4 PsO1p | (HPOy); N,Og

#1 126 g excess 409 54 g
#2 126 g 2009 100 g 49
#3 126 g 7149 50¢g 109

[Note: The molecular weight of HNO; is63.0 g; of P,Oyq
is 284.0 g; of (HPO3); is 240.0 g; and of N,Og is
108.0 g.]

It is interesting to note that nitric anhydride, N,Og,
in the solid state exists as an ionic compound: it is
composed of the nitronium ion, NO,*, and the nitrate ion,
NOj5™. In the gas phase it exists in the molecular form
shown by its formula in Reaction 1. Nitric anhydride
sublimes at 32.4°C, and due to its explosive nature as a
solid, it must be handled with great care.

1. Nitric anhydride isthermally unstable and decomposes
into nitrogen dioxide gas and oxygen gas. If al the
N,Og produced in Experiment 1 decomposed in this
way, how much oxygen gas would be produced?

2. What is the theoretica yield of (HPO3); in
Experiment #17?

A. 66¢g
B. 160 g
C. 2409
D. 4809

3. Whichisthe limiting reagent in Experiment #3?

. HNO,
- PyOyg
. (HPO3),
. N,Os

o0 w>

4. What isthe percent yield of N,Og in Experiment #17?

A. 10
B. 25
Cc. 50
D. 100

5 In Experiment #3, how many moles of nitric add

remain after the reaction is compl ete?

. 00
. 05
. 1.0
. 15

o0 w>

6. Which of the following statements is true about

stoichiometry calculations?

A . One should get the same mass of phosphorus-
containing product as the mass of phosphorus-
containing starting material used.

B. The limiting reagent is the one present in the

A. 8
B. 16 g smallest amount by mass.
c o4 g C . Thelimiting reagent is the reagent present in the
D. 32 g smallest molar amount.

' D. The amount of the limiting reagent used will

determine the amount of products obtained.
GO ON TO THE NEXT PAGE.
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7.

In Experiment #1, how much tetraphosphorus
decaoxide should have been used if the chemist wanted
exactly enough of it to react with the nitric add
without any excess?

. 142 ¢
. 284¢g
. 5689
. 852¢

o0 m>

GO ON TO THE NEXT PAGE.
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Passage Il (Questions 8-13)

The transition metals are of central importance to
aqueous redox chemistry because they often have a number
of stable oxidation states, whereas the main group metals,
such as potassium and calcium, usually have only one
stable oxidation state. Copper(ll) is generaly stable in
aqueous solutions and many copper(ll) compounds ae
familiar. However, the copper(l) cation is not stable in
aqueous solution because it disproportions according to
the following reaction:

2Cu*(aq) — Cu(s) + Cu?*(aq)
Reaction 1

Initially unaware of this fact, a student planned to
prepare copper(l) iodide by treating copper(ll) with a mild
reducing agent in the presence of iodide. The student was
surprised after adding a soluble copper(ll) sat to the
solution of potassium iodide when a precipitate formed
immediately. The precipitate was filtered from the
solution and subsequent analysis reveded it to be Cusl,.
This suggested the reaction proceeded in the manner given
by Reaction 2.

Cu?*(ag) + 17(ag) — 1+ Cuyly(9)
Reaction 2

Molecular iodine is only slightly soluble in water,
to the extent of 0.3 g/L of water at room temperature. The
molecular iodine, which would normally precipitate out of
solution, is solubilized here by the presence of iodide,
which was present in excess. Reaction 3 shows the
favorable equilibrium that accounts for this phenomenon.

1(9) +17(ag) - 137 (a0)
Reaction 3

8. What is the most likely reason for the apparent
stability of Cu,l,?

A . The copper is actudly in the +2 oxidation state.

B. Cu,l, contains copper in both the 0 and +2
oxidation states.

C. The potassium from the KI keeps it from being
oxidized.

D . It does not react becauseit isinsoluble.

9.

10.

11.

12.

In Reaction 1, copper(l) actsas a(n):

| oxidizing agent.
Il.  reducing agent.
I1l. complexing agent.

A. lonly
B. Il only
C. landll only
D. I, 1l,and 11l

In Reaction 2, in addition to acting as a precipitating
reagent, iodide acts as a(n):

I. oxidizing agent
Il. reducing agent.
I1l.  complexing agent.

. 1l only

[ only
. land Il only
L and 1l

When Reaction 2 is baanced, if the stoichiometric
coefficient for Cu,l, is 1, the stoichiometric
coefficient for iodide as:

o0om>

1
2.
. 3.
4

If the student began with 83.2 g of copper(ll) sulfate
pentahydrate, CuSO,4 * 5H,0, how much Cu,l, could
be made?

[Note: The molecular weights of CuSO, « 5H,0 ad
Cu,l, are 249.5 g and 380.8 g, respectively.]

A. 318¢g
B. 635¢g
C.127¢g
D.190¢

GO ON TO THE NEXT PAGE.
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13. What would be expected to happen if 0.1 mol of I, is
added to a 100mL solution containing 1.0 mol of
precipitated Agl?

A.
B.

C.

Both the Agl and |, would completely dissolve.
All the |, would dissolve but only a portion of
the Agl would dissolve.

All the Agl would dissolve but only a portion of
the I, would dissolve.

. Neither the Agl nor the |, would dissolve.

GO ON TO THE NEXT PAGE.
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14.

15.

16.

17.

18.

Question 14 through 18 are NOT
based on a descriptive passage.

What is the molecular formula of a compound with
the empirical formula C;HgO, and a mass of 148
amu?

CHeO,
. CgH1504
. CHZ0

00>

An oxide of arsenic contains 65.2% arsenic by
weight. What is its simplest formula?

A. AO
B. AsO,
C. ASO,
D. AsO;

In the following unbalanced reaction:
BrOs(ag) + Br(ag) + H*(aq) - + Bry(l) + H,0O

the ratio of bromate to bromideis:

. 1.5,
. 1.3,
.12,
1.

o0 w>

What is the mass of nitrogen in a 50.0 g sample of
sodium nitrite?

A.202g
B. 164 ¢
C.101g
D. 823¢g

How many atoms are in a 365 g sample of Sk gas?

. 151 x 1022
. 1.06 x 1022
. 151 x 1028
. 1.06 x 1024

o0 w>

END OF TEST
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ANSWER KEY:

agrwdE

OO m>

BoxoNo

>0O00>»0

11.
12.
13.
14.
15.

O>WwWO

16.
17.
18.
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STOICHIOMETRY TEST 1 EXPLANATIONS

Passage | (Questions 1-7)

Thefirst passage concerns the study of areaction between nitric acid and tetraphosphorus decaoxide. Three "runs’ of
this reaction were performed with varying amounts of P4O10. That the reaction is a dehydration is interesting but turns out to
be of no use in solving any of the problems. Y ou should become used to the idea that not every fact giventoyouina
passage is essential or even relevant to solving the problems following them.

1. The correct choice for question 1 is A. The first step in solving this question is to write and balance the
equation for the decomposition reaction. Nitric anhydride decomposes into nitrogen dioxide and oxygen. Because there are
two atoms of nitrogen in nitric anhydride and only one nitrogen atom in nitrogen dioxide, and since there is no other nitrogen-
containing compound, each mole of nitric anhydride must produce two moles of nitrogen dioxide. After putting the
stoichiometric coefficient of two in front of the nitrogen dioxide, we see that to balance the oxygen atoms, we have to put a
coefficient of 1/2 in front of the O2. Many people don't like fractional coefficients so we may double them all if it makes
you feel better. Because the coefficients tell usthe ratio of the products and reactant to each other, multiplying them all by a
constant does not change theratio. Therefore, saying that one mole of nitric anhydride decomposes to give two moles of
nitrogen dioxide and half amole of oxygen gasis equivalent to saying that two moles of nitric anhydride decomposesto give
four moles of nitrogen dioxide and one mole of oxygen gas. The important thing is that only half as many moles of oxygen
gas are produced as moles of nitric anhydride decompose. In experiment one we see that 54 grams of nitrogen dioxide are
made. Dividing 54 grams by the molecular weight of nitric anhydride, 108 grams per mole, gives the number of moles of
nitric anhydride, /2. Because only half the number of moles of oxygen gas would result from the decomposition, one-quarter
of amole of oxygen is produced. Multiplying /4 mole by the molecular weight of oxygen gas, 32 grams per mole
(remember: oxygen gasis diatomic), gives 8 grams of oxygen produced. The correct choiceisA.

2. The correct choice for question 2 is B. Because we know that the tetraphosphorus decaoxide is in excess,
the nitric acid must be the limiting reagent, determining how much triphosphoric acid is produced. Using the molecular
weight of nitric acid, you know that 126 grams of nitric acid is 2 moles of nitric acid. The balanced equation of Reaction 1
tells me that for every 12 moles of nitric acid used | will produce 4 moles of triphosphoric acid. The mole ratio between
nitric acid and triphosphoric acid istherefore 3to 1. 2 moles of nitric acid should produce 2/3 of amole of triphosphoric acid.
The molecular weight of triphosphoric acid is given in the table as 240 grams per mole. Multiplying this molecular weight
by 2/3 of amole, we find that we should get 160 grams of triphosphoric acid. Although this is the amount we would expect
to get, called the theoretical yield, you can see from Table 1 that only 40 grams were actually made, and the actual yield is
lower. Though thisfact isinteresting, it is hot necessary to solve the problem. The amount of triphosphoric acid
theoretically possible from experiment 1 is 160 grams, which corresponds to choice B.

3. The correct answer for question 3 is choice B. The limiting reagent is the reactant that is completely
used up during the reaction, limiting the amount of product that can be made, though additional co-reactant remains. Looking
at the balanced equation we see that the ratio in the number of moles of nitric acid to tetraphosphorus decaoxide necessary for
thereactionis 12 to 3. In other words, 4 moles of nitric acid are needed for each mole of tetraphosphorus decaoxide.
Experiment 3 began with 126 grams of nitric acid. If we divide this mass by the molecular weight of nitric acid, 63 grams
per mole, we find that thisis 2 moles. Because we only need 1/4 of the number of moles of tetraphosphorus decaoxide that
we need of nitric acid, here we need atotal of only 1/2 of amole of tetraphosphorus decaoxide. The table shows that
tetraphosphorus decaoxide has a molecular weight of 284 grams per mole. If we multiply this by the 1/2 of a mole we need,
we find we need 142 grams of tetraphosphorus decaoxide. Since we have less than this, 71 grams, tetraphosphorus decaoxide
must be the limiting reagent. If we had exactly the amount of tetraphosphorus decaoxide necessary for the reaction, 142
grams, neither reactant would be the limiting reagent and both reactants would be completely used up with nothing
remaining. However, in experiment 3 thereis only 71 grams of tetraphosphorus decaoxide, limiting the extent of the
reaction. Tetraphosphorus decaoxide isthe limiting reagent. Again, the correct choiceisB.

4. The correct choice for question 4 is C. The percent yield of product is the actual yield divided by the
theoretical yield times 100%. If the actua yield, the amount actually produced, equals the theoretical yield, the amount we
would predict from the balanced equation and the amounts of reactant we began with, then the product yield would be 100%.
The percent yield can therefore vary from 0 to 100%. Looking at the balanced equation, Reaction 1, we see that the mole
ratio of nitric acid to nitric anhydride is 12 to 6 or, more ssimply, 2to 1. Because | know that 126 gramsis 2 moles of nitric
acid, | would expect to make 1 mole of nitric anhydride based on Reaction 1. Nitric anhydride has a given molecular weight
of 108 grams per mole, so | would expect to get 108 grams of it from Experiment 1. Looking at Table 1, | see that we only
get 54 grams of nitric anhydride. Dividing my actual yield, 54 grams, by my theoretical yield, 108 grams, and multiplying
by 100%, | find my percent yield is 50%. This meansthat | have gotten half the amount of nitric anhydride | would have
expected given the amount of nitric acid | had started with. The correct choice istherefore C.
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5. The answer for problem 5is C. In determining the reagent in excess we must compare the mole ratios of the
reactants weighed out for Experiment 3 to the mole ratios in Reaction 1. The balanced equation of Reaction 1 tells me that |
need 12 moles of nitric acid for every 3 moles of tetraphosphorus decaoxide. Another wasto say this would be that the mole
ratio of nitric acid to tetraphosphorus decaoxide is 12 to 3 or, more simply, 4 to 1. | know that 126 grams of nitric acid is 2
moles. Given the balanced equation | know that | should have 1/2 mole of tetraphosphorus decaoxide to react completely
with it; if | have less than 1/2 mole of tetraphosphorus decaoxide, the nitric acid isin excess, if | have more than 1/2 mole,
the tetraphosphorus decaoxide is in excess. In this problem we are told that there is at least enough nitric acid to react with
all the tetraphosphorus decaoxide, and perhaps thereis an excess. But this does not help us much, we still have to determine
how much nitric acid reacted. The molecular weight of tetraphosphorus decaoxide is given as 284 grams per mole. Looking
at Experiment 3in Table 1, | see that we have 71 grams of tetraphosphorus decaoxide; thisis 1/4 mole. This should react
with 1 mole of nitric acid and leave 1 mole unreacted. The answer istherefore C.

6. The answer for question 6 is D. The problem requires knowledge of the definition of a limiting reagent. The
limiting reagent is not necessarily present in the smallest amount or in the smallest molar amount. In fact, Passage | itself
provides an example of the falsity of the latter statement. Reaction 1 shows that we need 12 moles of nitric acid to react with
3 moles of tetraphosphorus decaoxide. If we had only 10 moles of nitric acid and 3 moles of tetraphosphorus decaoxide, nitric
acid would be the limiting reagent though there were more moles of it to begin with. Choice A is equally untrue, the
phosphorus-containing reactant need not produce the same mass of phosphorus-containing product for some atoms of the
reactant could end up in other non-phosphorus-containing products. The limiting reagent is the starting material that we have
less of than we need to react with its co-reactant. Because it is completely consumed, the reaction stops before the co-reactant
iscompletely used up. Therefore, the limiting reagent determines the amount of all products that are made by the reaction.
Choice D isthe correct answer.

7. The correct answer for question 7 is A. In Experiment 1, asin all the experiments, the quantity of nitric
acidis2 moles. From the balanced equation in Reaction 1 we know we need 1/4 as many moles of tetraphosphorus decaoxide
as nitric acid; that would be /2 mole. Again, the molecular weight of tetraphosphorus decaoxide is given in the table as 284
grams per mole; multiplying this by 1/2 mole gives 142 grams. Thisis the maximum amount of tetraphosphorus decaoxide
that could be consumed by 2 moles of nitric acid in thisreaction. The answer istherefore A.

That brings us to the end of Passage|. Your ability to balance equations and to convert grams to moles and back
again, where needed, was the skill most useful in successfully navigating this passage. While these skills were on the
forefront of these problems, you should remember that they are very rarely absent from chemistry problemsin some form.
Passage |1 continues the emphasis on this area.

Passage |1 (Questions 8-13)

The second passage introduces the oxidation-reduction or redox properties of the transition metals, in this case using
the example of copper. Like all passages, the bits of information the passage provides may or may not be useful in solving
the problems that follow. Initially we are told that the copper(I1) cation, sometimes called the cupric ion, is stable in agueous
solution and the copper(l) cation, also known as the cuprousion, is not. The copper(l) cation in fact reacts with another
copper(l) cation to form copper metal and copper(ll) ion. Following thisfact we are apparently presented with aparadox: a
student in mixing a copper(l1) salt with potassium iodide recovers a precipitate that has the formula Cuzl 2, which would
suggest a copper(l) salt was made in agueous solution. Lastly we aretold of areaction that takes place incidentally to the
copper reaction, afavorable equilibrium between iodine, the element, and iodine, an anion, to form the soluble triiodide ion.
Given these three facts and knowledge of stoichiometry and basic chemistry you should be able to solve the problems that
follow.

8. The answer to question 8 is D. We have been told that copper(l) ion is unstable in aqueous solution. That
last point turns out to be critical, the fact that the ion is unstable in solution. 1t does not say that copper(l) is unstable
always, just in aqueous solution. That would seem to explain the stability of the copper(l) iodide. The copper(l) iodide is
insoluble, which we know because it precipitated out of solution; thus, most of the copper(l) is present in the solid, not in
aqueous solution where it can disproportionate. Thisis not to say that there is no copper(l) in solution. Thereis copper(l) in
solution but it is minuscule compared to the amount that was precipitated. As time goes on, the copper(l) in solution
disproportionates and the solubility equilibrium for copper(l) iodide would shift to dissolve the solid and produce more
copper(l) in solution. However, at any one time the amount of copper(l) in solution is small and so the dissolution of
copper(l) iodideis very dow and actually stops when the precipitate is filtered and removed from water. The other choices
have various problems. Choice A would seem to require the iodide ion to be in the minus two oxidation state to balance out
the charge of the coppers, since the molecule is uncharged overall. This should strike you as avery unusual oxidation state
for iodine. Y ou should realize that iodine in the minus two oxidation state would have 9 electrons in its valence shell rather
than the favored octet of the more familiar iodide ion. lodinein the —2 oxidation state does not, in fact, exist. Choice B may
fool you initially. There are many examples of compounds, usually oxides, containing elements in two oxidation states.
One example is FesO4, where iron is in both its +2 and +3 oxidation states. The IUPAC name for this compound would be
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iron(I1) diiron(l11) oxide. But acloser look at choice B shows that this would be an error. Copper in the zero oxidation state
isin the form of the metal and would be unlikely to be a constituent of a compound. 1t would aso seem unusual that iodide
would selectively reduce only half of the available copper(l1) to copper(0). Choice Cisalsowrong. The potassiumionis
generally a spectator ion in solution because it isimpossible to oxidize or reduce it in aqueous solution. Thereis no reason
to believe that it would prevent any reaction, let alone oxidation. Choice D is therefore correct.

9. The correct choice for question 9 is C. In answering the question correctly you must have a good idea of
what oxidizing and reducing agents are. Oxidation isthe loss of electrons and reduction isthe gain of electrons. Oxidation
and reduction are therefore complimentary phenomena because they are reverse processes. Where there is an oxidation there
must be a corresponding reduction, because one species transfers electrons and the other accepts them. An oxidizing agent isa
species that causes oxidation or equivalently, gains electrons. An oxidizing agent is therefore reduced. A reducing agent isa
species causes reduction or loses electrons. A reducing agent is thereby oxidized. In Reaction 1, two copper(l) ions react
together, one gaining an electron to become copper in the zero oxidation state, and the other copper thereby losing an electron
to become copper(I1). Thus, one of the copper(l) cations behaves as an oxidizing agent and another copper(l) cation behaves
asareducing agent. Therefore, choices C and D would seem to be possible. To determine the correct answer we must know
what a complexing agent is. A complexing agent is amolecule or ion that acts as a Lewis base, donating its electron pairs to
acentral metal cation, generally making it more soluble. Common complexing agents are many polar solvents, such as
water and ammonia, and simple and complex ions such as cyanide and EDTA. The complexing reaction is usualy very
favorable and probably accountsin large part for the solubility of many ionic compounds in water. Copper(l) is not behaving
like a complexing agent here, only as an oxidizing and reducing agent. Choice C istherefore correct.

10. The answer for question 10 is A. Thisis similar in style to the previous question. In Reaction 2 we can see
that at least someiodide is being converted to molecular, or elemental, iodine. The oxidation state of iodine asiodide is
minus one, the oxidation state of iodine as the element is zero. Thustheiodideislosing its electrons and is being oxidized;
therefore iodide is acting as a reducing agent in this reaction. Thiswould eliminate choice B becauseiodideis acting at least
as areducing agent which is not expressed in choice B. However thereis no indication that iodide is acting as an oxidizing
agent, in fact iodide can never act as an oxidizing agent. |odide cannot accept additional electrons because it has a complete
octet of electrons, which very stable, and isin itslowest oxidation state, minus 1. Thus the remaining choices are eliminated
without even coming to the question of whether iodide behaves as a complexing agent. Asnoted in the prior question a
complexing agent acts as a Lewis base to a metal cation, binding to the metal. Though iodide has free electron pairs and can
act as a Lewis base and complexing agent to metals, there is no indication that it isdoing so. In fact, thereis every
indication that it is not, as complexing agents generally increase the solubility of ametal cation. Therefore the correct answer
for question 10 is choice A.

11. The correct answer for question 11 is choice D. The correct stoichiometric coefficients relate the ratios of
all the reactants and products involved in areaction. We call this balancing the equation. It isimportant to realize that
though the ratios for a particular reaction are unique, the coefficients may be different. In other words, to say that 1 mole of
A reacts with 2 moles of B to give 1 mole of C is the same as saying 2 moles of A react with 4 moles of B to give 2 moles
of C. Though the coefficients would be different, the ratio between A, B, and C would be constant. Though most people
have a preference for the smallest whole number integer coefficients that are possible for a given reaction, thisis not
mandatory and you will sometimes see equations that do not follow this convention and even have fractional coefficients. In
this case we are told that the coefficient in front of the copper(l) iodide is 1; this fixes the other coefficientsin this reaction
and tells us to find the moles of the other species that would result in 1 mole of copper(l) iodide. Because copper(l) iodide has
two copper atomsin its molecular formula, we actually have 2 moles of copper ion in this product. As copper isfound in no
other product, al the copper from the reactants must be in the copper(l) iodide. Looking to the left side of the reaction
equation, we see that only one reactant has copper, namely the copper(l1) ion. Because we have 2 moles of copper ion in the
product we must have 2 moles of copper provided by the reactant. We therefore put a2 in front of the copper(Il) ion to
indicate this. Now we turn to theiodide. lodide both reduces the copper(l1) ion and reacts with the copper(l) ion to form the
product precipitate, copper(l) iodide. Because we have 1 mole of copper(l) iodide and each contains 2 iodide ions, we need 2
iodide ionsto form the copper iodide product. But we aso need iodide to reduce the copper(ll) ion to copper(l) ion. The
iodide, in acting as areducing agent here, is oxidized from the —1 oxidation state of iodide to the O oxidation state of
molecular iodine, transferring 1 electron to the copper(I1) ion. Since we need to convert 2 moles of copper(l1) ion to copper(l)
ion, each conversion requiring 1 electron, we need 2 moles of electrons which are provided by 2 moles of iodide. Therefore,
we need atotal of 4 moles of iodide: 2 molesto reduce the copper(l1) ion to copper(l) ion and 2 moles to react with the
copper(l) ion to form copper(l) iodide. These 4 moles of iodide must appear in some form in the products. 2 of the 4 moles
are accounted for in the 1 mole of copper(l) iodide, the other 2 moles must be in the iodine product. Because molecular iodine
is diatomic, that is, it contains 2 atoms of iodine, we only need 1 mole of elemental iodine to account for the remaining 2
moles of iodide. The stoichiometric coefficients in the balanced equation are therefore, reading left to right, 2, 4, 1, and 1.
Were it not for the fact that we are told the stoichiometric coefficient in front of the copper(l) iodide is one, they might just
have easily have been written 1, 2, 1/2, and 1/2, asthe ratio between all the reactant and product species would be preserved.
In any case, the coefficient in front of theiodideis 4 and the correct choiceisD.
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12. The correct answer for question 12 is choice B. This question deals with straightforward reaction
stoichiometry. Since the molecular weight of copper(l1) sulfate pentahydrate is given as 249.5 grams per mole, 83.2 grams
of it isabout 1/3 of amole. 1/3 of amole of copper(I1) sulfate pentahydrate would provide 1/3 of a mole of copper(Il). This
amount of copper(l1) will make 1/6 of amole of copper(l) iodide, since each mole of that product requires 2 moles of copper.
The molecular weight of copper(l) iodide is 380.8 grams per mole. Multiplying this by 1/6 gives 63.5 grams. The correct
choiceistherefore B.

13. The answer to question 13 isB. A few different skills are necessary here. One is a good command of
equilibria. This passage introduces Reaction 3 as the explanation for the solubility of iodine in iodide solutions. Of
particular importance, we are told thisreaction is very favorable. Silver iodide, you should know, isvery insoluble and in
fact we aretold it is precipitated. In normal circumstances, the concentration of iodide in solution is very slight but it isin
dynamic equilibrium with the solid silver iodide. If the iodidein solution is removed in any way, the equilibrium is
disturbed, and more silver iodide dissolves. When iodine is added to the silver iodide solution it converts the small amount of
iodide in solution to triiodide and silver iodide dissolves to replenish the iodide removed until equilibrium is reestablished. A
system in equilibrium responds to a stress on that system by acting in such away to minimize the effect of that stress. Here,
iodine stresses the silver iodide system by removing iodide from solution by converting it into triiodide ion. Thus choice D
may be eliminated, because at least some iodine and silver iodide would dissolve. Note that we have 1 mole of silver iodide.
In contrast, thereis only 1/10 of a mole of iodine, and so the iodide can only make a maximum of 1/10 of amole of triiodide
beforeitisall used up. Having been used up, the iodine is completely dissolved, but only 1/10 of amole of silver iodide
could have dissolved, leaving 9/10 of amole undissolved. Choice B istherefore correct.

That brings usto the end of Passage Il. The important areas covered included many aspects of stoichiometry, such
as balancing redox and other reaction equations and the interconversion of moles and grams by using molecular weights. In
addition, background knowledge of oxidation and reduction, chemical equilibrium, and nomenclature was involved. However,
like most passages in the MCAT, this passage requires to use your knowledge of chemistry to solve situations which you
may never have seen before by providing enough background information to allow you to answer the questions that are related
to it.

Discrete Questions

14. The answer to question 14 is A. The empirical formula of a compound is the formula that shows the
smallest whole number relationship between the elements of amolecule. The empirical formulafor this compound, C3HeOz2,
tells us that for every 3 carbon atoms in the molecul e there are 6 hydrogen atoms and 2 oxygen atoms. This does not mean
that a molecule actually contains 3 carbons, 6 hydrogens, and 2 oxygens (though it might), instead it tells us the ratio
between them. Therefore, the molecular formula could be choice C, CaH180s, where the carbon, hydrogen, and oxygen ratio
is3to 6to 2 asin the empirical formula, and might also be choice A where the ratio is correct, but it cannot be choices B or
D, where the ratio between the elements is different from the empirical formula. Knowing that the mass of the molecule is
148 amu (or atomic mass units) distinguishes between choices A and C, which are equally likely before this piece of
information. Amu stands for atomic mass units and means that the compound has a molecular weight of 148 grams per
mole. Choice A has a molecular weight of 148 grams per mole; choice C has a molecular weight of 222 grams per mole.
Choice A must therefore be the correct answer.

15. The answer for question 15 is D. Perhaps the easiest way to solve such a problem is to imagine a particular
sample mass of the compound. We shall choose a 100 grams for convenience, though any mass will arrive at the correct
answer. Because the oxide of arsenic contains only arsenic and oxygen, a 100 gram sample would contain 65.2 grams of
arsenic and the remainder, 34.8 grams, must be oxygen. To find the ratio between these two elements in the compound we
divide the mass of arsenic by the atomic weight of arsenic, 74.7 grams per mole, and the mass of oxygen by the atomic
weight of oxygen, 16 grams per mole. Thiswill give the mole ratio between arsenic and oxygen in the compound. To
convert to amore easily useful ratio, we divide both by the lowest number of the two, here arsenic. Thisgivesusaratio of 1
mole arsenic to 2.5 moles oxygen, which is better stated by doubling both numbers and getting 2 moles arsenic to 5 moles of
oxygen. Thiswould correspond to the formulain the correct answer, choice D.

16. The answer to question 16 is A. Thisis aredox reaction. We can tell this because the oxidation state of
species change during the reaction. The oxidation state of bromine in the product, the element bromine, is 0. The oxidation
state of the bromine in the bromide reactant is—1 and the oxidation state of the bromine in the bromateis +5. The fact that
the bromine of one reactant reduces the bromine of the other should not bother you, it isimmaterial. The important thing in
redox reactions is the number of electrons. Since bromide is acting as a reducing agent, going from the —1 oxidation state to
the 0 oxidation state, it transfers one electron per bromide. Bromate, however, is going from the +5 oxidation state to the 0
oxidation state, requiring 5 electrons. Bromate gets these el ectrons from bromide, requiring 5 of them. The ratio of bromate
to bromideistherefore 1 to 5. The correct answer is choice A.
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17. The answer to question 17 is choice C. The first step needed to solve the problem shows how essential it
isto know your nomenclature. Even if you knew how to solve this problem, not knowing the formula prevents you from
applying that knowledge. The formulafor sodium nitrite is NaNOz. The nitrite ion is a common anion with a charge of —1.
The molecular weight of sodium nitrite is 69 grams per mole. Asthereis 1 nitrogen atom per formula unit we can find
weight fraction of sodium nitrite that is nitrogen by dividing the atomic weight of nitrogen, 14 grams per mole, by the
molecular weight of sodium nitrate, 69 grams per mole. If we multiply this fraction, 14/69, by 50 grams we get 10.1 grams,
or choice C. Notice that you did not have to determine the number of moles of sodium nitrite to solve this problem, though
you could have. The calculations are actually identical: one could have instead found the number of moles of sodium nitrite
in a50 gram sample and, realizing that each mole of sodium nitrite has one atom of nitrogen, multiply that number by the
atomic weight of nitrogen. This illustrates an important aspect of solving chemistry problems: there are often many ways of
looking at a problem and each is merely a change in perspective. Whether you view this problem in either of these two
ways, you are thinking about the problem correctly. Beware the solution methods that do not require thought and are
mechanical; they are the methods that fail where the problem does not fall within atype you are used to. Again, the correct
answer for problem 17 is C.

18. The answer for problem 18 is D. Thisis arelatively simple calculation but really tests your ability to read a
problem carefully. The molecular weight of sulfur hexafluoride is 146 grams per mole. If | divide the mass given, 36.5
grams, by the molecular weight, | find that we have 1/4 of a mole of sulfur hexafluoride molecules. A moleis Avogadro’'s
Number of particles, in other words, there are 6.022 x 1023 particles per mole. |If we multiply the 1/4 of a mole of sulfur
hexafluoride by Avogadro’s Number we find the number of molecules of sulfur hexafluoride, 1.51 x 1023. We might be
tempted to circle choice C now, but thisiswrong: 1.51 x 1023 is the number of molecules of sulfur hexafluoride in the
sample, not the number of atoms. There are seven atoms in each molecule, so we must now multiply the number of
molecules by the number of atoms per molecule, seven. Thistrick is easily seen if you make sure all your units cancel when
you use an equation. The answer istherefore D, 1.06 x 1024 atoms.

KAPLAN 13



