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ANSWERS EXPLAINED : V. - (30 mb(364) _ (30 mh(91)4) _ (30 mij4)
PART ONE ; 2 {273) (91)(3) 3
. V, = (30 ml}1.333 . . ) = 40 ml
Lot . This answer is consistent also with the fact that as temperature increases the
T (in K) = t{in°C) + 273 : volume of a gas also increases. Choices (3) and (4) arc inconsistent with this
K = °C + 273 P fact,
K = (-13°C) + 273 :
K = 260 ; 4, 1 To sublime means to change from a solid to a gaseous state directly,
The connection between the K and C scales mav be seen in this diagram of a | without first melting into a liquid.
thermometer. Notice that, while the two scales place 0 at different points, both | solid state — gas state (sublimation)
scales use the sane size steps, or intervals, between temperatures. ; {s} — (g)
° °C - t Of the choices given, only CO, is given as being solid; the others are thereforf:
373 100 (boiling water) i eliminated. Indeed, CO,fs) does sublime, as anyone who has seen the “dry ice
274 : i used by ice cream vendors can attest. It evaporates without melting.
2730\ _/, 0 (melting ice) ;
== B -1 ; COy4{g) cloud
260/- N —13 (this question) ¢ observed forming
é by sublimation
e =
0 AT .

—273 (absolute zero) : '

2. 4 Ounly compounds can be decomposed: eithier into simpler compounds
or inte elements Elements cannot be decomposed into any simpler material
by chemical means. Copper is the only element listed.

Mercury (IT} oxide can be decomposed into mercury and oxygen.
Potassium chlorate can be decomposed into potussium chloride and oxvgen.
Water can be decomposed into hydrogen and oxygen.

5. 2 A beta particle is actually an electron that emerges at very high speeds
Copper cannot be decomposed.

from the radioactive decay of atoms. The symbol B~ (“beta”} is used for such
an electron. Sinee it is an electron, it has a negative electric charge.

3. 2 If the pressure of a gas is kept constant, then its volume changes with Reference Table H can be used to analyze this question.

absolute temperature according to Charles” Law: ]
“ mper ording e Notation Showing

ok J Particle Symbol Mass and Charge Charge
T alpha o iHe +2
A : beta 8- 06 -1
273K 364K ' proton p iH +1
(2T3I4V3) = (30 mh{364) neutron n on 0

p————
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6. 3 When an electron is removed from an atom. that atom becomes an
ion of +1 charge. The enerpgy required to remove that clectron is therefore
called the ionization energy. Values for ionization energies {in keal/mol) are
given in Reference Table 1.

Atom

Electron removed
by inuization
Cnerey

Wrong Choices Explained:

{1 Kinetic energy derives from the motion of atowns and molecules in a
substance and is reflected in the temperature of the substance.

{2) Potential energy measures the heat or work that can be liberated in a
chemical reaction or in some change of position in an electric oy pravitational
field

{4) Electron affinity (sometimes called “clectronegativity™ relates to how
well an atom can take in an additional electron to become a ~ 1 ion. This concept
is the reverse of ionization.

Atom

Extra electron
added according to
electron affinity
value of atom

7. 1 The atomic number tells how many pratons are in the atom’s nucleus.
Therefore, an atomic number of 13 implies the presence of 13 protons. Since
in a neutral atom the number of electrons must equal the number of protons,
13 electrens must also be present.

13 electrons

HAl
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8. 4 The ground states for the four atoms are diagramed below. Natice
that only Na has one partially occupied orbital. $i has twe partially filted orhitals.
while Ne und Ca have their orbitals completety filled.

Orbitals
ls 2p 3s 3p 45
Y X ¥
Si {14 electrons) t

2

v (4]

Ne {10 electrons}
Ca (20 electrons) ]
EIRE

Na (11 electrons)

HEHs
=0

'¥.__The partially
filled orbital

9. 3 The chart below shows the sublevels pussible in each principal energy

level.

Principal Energy Level Sublevels Number of Sublevels
1 5 1
2 s, p 2
3 s, p.d 3
4 s, p. d, f 4

The third level has 3 possible sublevels within it.
This can also be seen if the sublevels are written out in ascending order of
energy—a sequence chemistry students should memorize!

I 26 2p5% 3¢ 3p® 45 3d° 4p° 5% 4d" .. ..

3 sublevels (s, p, and o}
in energy
level 3

10. 3 Isotopes of an element have the same atomic number but different
mass numbers.

Wrong Choices Explained:

(1) "X and X are identical, not isotopes.

@) &X and 'PX have different atomic numbers, so they can't be isotopes
of the same element. {Incidentally, ,%X cannot exist. Can you see why?)

{4) '5X and 22X have different atomic numbers, so they are different ele-
ments. They have the same mass number coincidentally, but this does not
qualify them to be isotopes.
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11. 1 The valence electrons are those in the outermost (highest) principal
energy level.

Ls* 257 2p¥ 33{;3?—‘\ These are the vatence

electrons, all in the
outer third level.

12. 2 The compound’s name, nitrogen(IV) oxide, tells you that nitrogen is
in the +4 oxidation state. Oxygen always has a — 2 oxidation state in oxides.
By the criss-cross method you obtain the compound’s formula:

a. Assign oxidation numbers +4 -2
N G
b. Criss-cross oxidation numbers +4 -2
N K40
¢. Paossible formula N,O,
d. Reduce to smallest whole number subscripts NO,
Wrang Chaices Explained:
Choice Charge on Nitrogen Atom Name
(1 +2 NO, nitrogen(lI} oxide
)] +6 NG, nitrogen(VI} oxide
(4) +8 NO,, nitrogen(VIIL) oxide

13. 4 An empirical formula has subscripts that cannot be reduced to any
smaller whale numbers. K,O meets this criterion. The other cheices can be
reduced.

Wrong Chaices Explained:

Choice Molecular Formula Empirical Formula
(1} C.H, CH
(2) C.H, CH,
(3} ALCl, AlCl,

14. 3 This equation is best balanced by trial and error. Begin with the fact
that, since there are two C atoms on the left, two CQ, molecules should be
produced. Next, balance the H atoms by placing 2 "2" in front of H;O. The
result:

C,H, + 30, — 2C0, + ZH,0

15. 4 Molecules are polar if they meet two conditions:
a. the bonds within the molecule are polar, and
b. the molecule has an asymmetric shape.

. Choice
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These conditions create an asymmetric charge distribution. NH;, or ammonia,
meets these criteria because
a. the N—H bond is polar, since N is mare electronegative than H, and
. the molecule is not symmetric, being 4 triangular-based pyramid with
the N atom above the three H atoms.

(-]

: ®

/fi\ﬂ

(+}

H
(+}

Wrong Cheices Explained:

(1) Being a gas is not directly relevant to whether a molecule is polar or
not. Many gases are; many are not.

{(2) N—H bonds are polar.

{3} N is a nonmetal; H, a metalloid. In any case, identifying the type of
element i5 irrelevant to identifying pelar molecules.

16. 1 The degree of ionic character in a bond can be determined from the
difference between the electronegativity values of the elements in the bond.
These are given in Reference Table 1. The greater the difference in these
electronegativity values, the more ionic is the bond formed.

Element Electronegativities  Difference  Ionic Character
{h axygen 0=353 §=25 1.0 greatest
2 chlorine Cl=30 §=25 0.5
{3 bromine Br=28 §=25 0.3 least
{4) phosphorus P=21 §=215 0.4

17. 3 Helium atoms have full outer electron shells. They da not normally

- give or receive electrons from other atoms or from each other. Therefore, helium

is inert and remains as single (monoatomic) atoms in the gas state. Since these

- atoms are not attracted to one another, there exists no bond to make them

caalesce to form a liguid or solid.
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()~
(1e)

single He(g) atoms
with no mutual
attraction forees

\:\ow

However, the clectrons around each atom do revolve, thereby creating weak,
temporary charge fluctuations which can serve as the “glue” to form a liquid
state under low temperatures. These relatively weak attractive forces are known

as van der Waals forces.
{+)

Wrong Choices Explained:

(1) Hydrogen honding results from highly polar honds that contain H as one
atom. Here we are dealing with the pure element helium, not hydrogen.

(20 Covalent bonds are formed by the sharing of electrans between two
atoms, as in the diatomic molecules H,, Cly, and O,. As discussed above, helium
atoms are inert and nonoatomic, and do not do this.

{4) Ionic bonding begins when electrons are transferred to make (+1 aad
{— ) ions. This does not occur with helium.

@

Hefli—atums held together by
weak, partial, Huctuating
van der Wauls charges,

(+)and (-} ()

18. 2 Hydrogen bonds are formed between molecules that eontain some
hydrogen. If the bond between the hydrogen atom and its partuer is very polar.
then the attractive forees between neighboring molecules will be strong.

3 +} &(—) Partial charges HX Hvdrogen bonds
H—X /’} between
Polarized bond HX=-=HX 1 malecules
within molecule ‘\ /’ > :
HX HX
N y
(O

The HX molecule above will have the greatest polarization within itsell and
between its neighbors when element X has un electronegativity high cnough to
pull electrons closer to itself than to H.

S+ HX5(-)

Atoms with high electronegativities also have small radii. Note, tor cxample.
that Auorine (F) has the highest electronegativity (4.0, tram Reference Table [
and a small radius (0.72 A, from the Periodic Table) In fact, HF does have
evtremely strong hvdrogen bonds between malecules.

19. 3 Elements within the same family (or group! behave in similar ways
hecause they have the same electron configuration in their outermost energy
levels. Mg and Ca are both metals in Group 114 on the Periodic Table. Notice
that they have similar outer 5% orbstals.

The other pairs of elements are not from the same groups and so will not be
similar in chemical properties.

200 2
10 Nonmetals Nobie gases He
E*\6 Metalloids
C|N|O|F [|Ne
i T
Sc

L ]
81 M_i_m!s
G ] |[eo]
{ Metalloids
4 1Ce r Lu
[ Lr |

21. 3 The halogen family is Group VIIA on the Periodic Table.

22. 1| Reference Table T gives vou the electronegativities for these ele-
ments:
C 25 (lowest)
F 40
N 3.0
O a8

23. 2 Nonmetals are poor conducturs of electricity because they do not
easily release their ouier electrons as metals do. In other words, nonmectals
require a Iot of energy to release even a single electron—they have high ioni-
zation energies.
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This is confirmed by Reference Table 1. Nole that the noenmectals have ioni- numnber of moles taken before dilution = 0.50 liter x
. y . a
zation energies from 200 to 400 keal/mol. Compare this to the metals, which 12 moles solute
have ionization energies primarily in the 90 to 200 kcal/mol range. _“_m;r___ — 6 moles
24. 4 The Periodic Table gives vlectron structures. Looking down each b. Calculate new molarity after dilution.
group. vou can detect the similarity in outer electrons among group meinbers, eolarity moles of soute 6 moles _ -
Typical Quter Tatal Outermost © 7 liters of solution made  f titer O
¥p
Choice Group Electron Pattern Electrons
0 1A o | 29.' 4 This is a “volume-volume™ gas problem. One result of Avogadra's
2 o & 2 Law is that the volumes of gases in a gas reaction {at constant pressure) are in
(5; VIA 2 6 the same ratio as the coefficients in the balanced equation.
) V4 2p? 4 ! a. B&Janced‘ equation: INH (g} + 504g) — 4N} ~ 6H, O
b. Mole ratios: 4 5 4 6 denti
25. 4 1o say that an element has a ceystalline strueture i to imply that ¢. Gas volume ratios: 4 5 4 6 .. ldentical
it'’s a solid. Under normal conditions, such as STP, iodine is a solid, bromine d. Gas volumes given

is a hiquid, and fluorine and chlorine are gases. 1 in problem: X 40. liters
! e. Set up ratins: 5 - 4
26, 2 ' X
a. FeO, Fe mass: 2 X 56 {at. wt.) = 112 amu ' 10, hters
O mass: 3 X 16 = 48 amu L Cross-multiply: HX) = 200 liters
formula mass = 160 amu X = 50 liters of O,{g) required
UX}"gCI] 111A8%
b. % oxygen, by mass = ————— x 100 .
YE Y formula mass : 30. 1 Avogadro’s Law states that 1 mole of any gas at STP will occupy 22 4
48 amn  liters. This is the basis for our solution.
Ye ouygen = 160 amu * 100 t
1'31' laf;w t 2 Calculate the moles of He in the sample.
el .
= (10Y16) ‘ atomic weight of He = 4 amu
3 ¢ so 1 mole of He = 4 grams
= — x 100 = 30% I .
10 ; mass given 200¢g
: nurmber of moles = = = 0.300 mole He
\  LiF i * mass of 1 mole  4.00 g/mol
o= i i
27, 4 OMain the tormula mass of LiF. } b. Use Avogadro's Law.
Li = 7amu : .
F = 19 amn ;,_ velume of gas = aumber of moles (at $1P) % 22.4 lters/mol
- volume = .500 mole He X 22.4 liters/male
LiF = 26 amu " volume = [1.2 liters

Therefore. 1 mole of LiF will have a mass of 26 grams.
Now solve for the nnmber of moles actually given.
mass given J9g

= = 1.3 moles LiF
mass of 1 mole 26 g/mol raoies

number of moles =

w2
a. Caleulate the number of mwles in the solution taken before dilution.

12-molar solution = 12 moles of solute/each liter of solution

3l 1 A catalyst speeds up a reaction’s rate by making it easier for the
reactants to come together. The energy needed to start the reactants is called
the activation energy, which the catalyst changes. Without the catalyst the
reaction would praceed at a slower rate. However, the potential encrgy of the
reactants and products, and the net beat of the reaction, are the same with or
without the catalyst,

The standard diagram of energy changes during a chemical reaction shows
 these concepts.

e
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Catalyst changes
this activation
energy

_________ PE. of reactance

Potential ,
Heat of reaction
energy

PE. of production

These are the
same with or
catalyst

Reaction Coordinate {cg., titme)

32. 4 Reference Table G shows 1 mole of each of these materials burning

{exidizing) to produce COL{g) and H,0(¢). The AH value tells how many kilo- |

calories are released in this process. The negative sign [ —) in front of the AH
values means these reactions are all exothermic fthey release heat:. Clearly,
CeaHy504s) releases the largest amount of heat, 669.9 kcal/mol.

33. 4 Energy is being absorbed in this reaction. By definition. that makes
it ¢ndothermic.

Wrong Choices Explained:

{1} Exothermic reactions releasc rnergy as a product. That's not the case i
this reaction, which requires energy as a reactaut,

(2). (31 These are not even feasible choices sinee they have the wrong word
matched to the process described.

Remember: EXO = "oul” = cnergy released as a produet

ENDO = "in = energy absorbed as a reactant

34, 3 The rate of a reaction depends on several factors. including how

often wolecules or atoms collide with one annther. By increasing the pressure |

on a gas system. the molecules or atoms are “squeezed” closer, so they vollide
more trequently. This makes their rate of reaction invrease.
This is analogous to reactions hetwren solutions of compounds, which go at

a faster rate if the concuentration of solntions is increased. Increasing the pressure |

on u gas is like increasing its concentration, in males/liter.

L

E AU PR

760 torr 900 torr

¢
Ce
o o QP FEININS

more frequent collisions.
higher reaction rate

Lower pressure,
less frequent collisions,
lower reaction rate

35. 4 Ingeneral, an equifibrium constant will chunge only with an increase
in temperature. The concentration of reactants or products and the pressure
may be adjnsted, causing a shift in the equilibrium amuunts present, but the
equilibium constant will not have changed. Only temperature changes the
constant.

In this specific example, we have a very insoluble material, ApClis), which,
neverthebess, does dissolve to a tiny extent as sons.

AgClis) = Ag*lagq) + C17{aq}

In this case the equilibrium constant is modified and becomes a solubitity prod-
uct constant.

K,, = K, = [AG*][C]} without a denominator
[ ] brackets indicate chemical concentration in molesiiter.

An increase in temperature will permit more muvles of AgClis) to dissolve us
ions, so the K, will change.

Wrong Choices Explained:

(I). {20 Changing the voncentration of either Ag* or Cl™ will cause an
opposite shift in the concentration of the other ion. This is called the common
ion effect. However, the K, equilibrium constant will remain the same through-
out the shift. This can be iT]ustrated by the following equations:

K, = [Ag*iCI7] or [AgT i1 or 1agri{Cl7]

The mncentr&tioﬁ’o‘]{':mh may
shift, but not
their product, K,,,.

{3) Pressure causes shifts in gaseous systems but, like concentration, cannot
change the K, of those systems. In this solid/ion equilibrium the pressure has
no effect at all—either on K, or on equilibrium concentrations.

-
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36. 4 Acids ionize to release an H* ion. According to the Brinsted The-
ory, acids donate protons—which is the same as saving they donate H* 1ons,

HX= H' + X~
The degree to which an acid ienizes is reflected in the K,, for the reaction,
which for acids is designated as K,,.
(H*][X7]
K, =K, = ———1
i “ [HX!

An acid that ionizes 1o a large extent will be “'strong,” because it releases a lot
of H* ions, resulting in a large K, value.
Reference Table ] gives the K, values for certain acids.

Acid Ko Relative Strength
HNO, 5.1 x 10~
H,S 1.0 x 1077 weakest {smallest K}
CH,CO0H 18 < 10°%
H.PO, 7.1 x j07? strongest {largest K,)
37. 2
[cone. of product ions) _ [H"{INO; ]
[conc. of remaining acid| (HNQ,]

35. 3 The pH scale is defined so that pure water {at 25°C) has a pH of
7.00. The reason for this comes from the amount of ionization in pure water:

HLO0 =2 H* + QY-
(0.0000001 meole/liter 0.0000001 moleliter of each

wil] lonize. of these is produced.
Therelnre, the concentration of H™ in purc water is L0000001, or 1 * 19 7,
molefliter,

pH = —log{H™")

pll -~ —log(l x 10°7) = ~log (10°7 = — =T} = T

39. 4 Mg is a firlv active metal and readily reacts with most acids o
release hydrogen.

Mg + 2HClaq) — MeClL, + H,

The other metals, Au (gold), Ag (silver), and Cu (copper), are relatively un-
reactive with acids.

Reference Table L confirms this. The reduction potential for Mg?* is lower
than that for H™*, while the reduction potentials for the iaus of the other atoms
are higher than that of H*.

r
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Standard Electrode/Reduction
Potential, in volts

An?t + Je” — Au(s) E°= 150
Agt  + e” - Agls) E° = 0.80
Cu?* + 2e” — Culs) E° = (.34
M+ + 2o~ — Hylp) E = 000
Mg?* + 2~ — Mg(s) E* = —-2.37

If Au, Ag, or Cu were ta react with H*  each would form its correcponding
jon. But these ions would recapture the electron more readily than the H* ion
could, so it could not be reduced to Hy. In other words, Au, Ag, and Cu will
not give electrons to H*, and so no reaction can occur between them and the
acid. However, Mg?*, when formed in the reaction, will not cempete with H*
for the electron. In other words, Mgls) will react with acids.

40. 3 Conjuzate pairs are any two species {molecules or ions) that are
converted into nne another by a mere gain or foss of H™.
]
HCl == H- + Cl° Conjugates

In the full equation there are two such conjugate pairs.

[ t
HCl + Hy,0 & H,0* + ClI™ Conjugate acid-base pairs

Wrong Choices Explained:

(1) HCl donates an H* during the forward reaction; H,0* donales an H*
during the reverse reaction. Both are serving as Briinsted acids, but they are
not a conjugate acid-base pair.

{2) HClis giving its H* ta H,0 in the forward reaction. We say the HCl
is acting s the acid and the H1,0 i acting as the base. This is an acid-base pais,
but not a conjugate acid-base pair, because they are not formed from one an-
other by an H* exchange.

41 Hy0 accepts. an H* during the forward reaction; Cl- accepts an H-
during the reverse reaction. Both are serving as Brénsted bases, but they are
not a conjugate acid-base pair.

In summary:
HCl + H,0 - H,0" +C- (forward reaction)
Brinsted  Bronsted
acid base
HCl + H,OQ +~ H 0% + Cl= ({reverse reaction)
Bronsted  Bronsted
acid base

41. 2 Write the woderlying half-reactions of this balanced ion cquation.

Sn%* < 50t + 2" (oxidation)
2Fe** + 2e~ — 2Fe** (reduction)



ANSWERS JUNE 1985 Chemistry 39

Note that for every St don there are 2 electrons lost during oxidation. So,
for 1 mole of Sn%* . 2 moles of electrons will e last,

42, 3 The molecule must add up to be neutral ({0 chargel. The oxidation
numbers of H and O are standard: + | and — 2, respectivelv. We solve for §:

H,S0,

2H) + 5+ 40) =0
A+ + S+ H-2 =0
2+5-8=0
S—6=10

S=6

43. 1 Write the underlying half-reactions of this balanced equation. Begin
by assigning the oxidation number to each atom of the equation. This helps you
spot the changes in number for some of the efements involved.

EE—— T
-1 -1 +4 -2 +1 -1 +1 -2 Li]

4HC + MnO,— Mn C} + 2H, O + Cl,
Oxidation: 2 Cl-' of the 4 CI~' appear to have changed.
2CI" ' — ClI§ + 2e-
Reduction: the single Mn** ion appears to have changed.
Mn*? + 2~ — Mn*?

We see that manganese has becen reduced since
a. its oxidation number was reduced from +4 to +2, and
b. it gained electrons, a change that is the heart of reduction.

Wrong Chaices Explained:
(2}, {3) These are not even feasible choices since they match the words
"reduced” and “oxidized” with the wrung oxidation number changes.
“Reduced” tneans the oxidation numbers decreased.
“Onxidized” means the oxidation numbers increased.
These choices have it backward.

(4} This choice is correct in stating that a change from + 2 te +4 wauld be

oxidation; however, it is not true of the manganese in the given equation. As
seen ahove, it was the chlorine that was oxidized, for its oxidation number went
from —1to 0,

44 3 Wrte the underlying half‘reactions.

L}
Oxidation. 2Na — 2Na™ + 2e~
[H]

Reduction. 2H* + 2e™ — H,

The Nu is oxidized; the H* {in the H,0) is reduced.
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45. 1 Note oxidation number changes and write the underlying half-reac-
tions.

1] +2

Oxidation: 3 Cu—— 3 Cu + 6¢”

Reduction: Two of the nitrogens in the 8 HNQ, are changed You must de-
termine for yourself that N within the HNO, {within the NO; jon) has an
oxidation number of +5.

+5 +&
2N + 6e- = 2 N (within NO}
(within HNQ,)

The N *% jon was reduced: however, the agent that allowed it to obtain electrons
was the Cu® that lost electrans. The Cu® is called the reducing agent. Note that
it was itself oxidized.

Reducing agents (here Cu") are oxidized.
Oxidizing agents (here N *5) are reduced.
46. 1 The reduction half-reaction is
Cu®® + ¢ — Cu*!

One electron is needed to reduce one jon of Cu™? Therefore, 1 mole of elec-
trons is needed to reduce 1 mole of Cu*? jons.

47. 2 Isomers of a compound have the same empirical formula, but dif-
ferent structural formulas.

Choice Structural Formula Empirical Formula
Original compound CH,COOCH; C,H:0, = CH,0
{L) CH;0CH, C,Hg0O
2 CH,CH,COOH C,H0, = CH;0
3) CH,COCH, C,H,0
(4) CH,CH,CHOH  C,H 0

The empirical formulas for the original eompound and choice (2) are the same.

48, 4 This is an addition reaction. The triple bond is upened, allowing
places for 4 atoms to join the malecule.

Br Br
I b
H—C=C—H + 2Br, > H—C—C—H + 4Br - B—C—C—H

I |
Br Br

The answer can also be determined by the fact that “2Br,” is given in the
equation. These 4 Br atoms must appear somewhere in the product(s) of the
reaction. Only cheice (4) shows 4 Br atoms, thereby balancing the equation.
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49. 1 These symbols represent the benzene ring. The first symbol is a
shorthand way of writing the Kekalé structure:

i
H C H
N AN S
[ C
| i CeH,, Kekulé structure
C C
SN N
IT C H
l
H

After this structure was proposed, it was discovercd that the elecirons in the 3
double bonds are not actually localized (fixed) on any carbon atoms. They de-
Jucalize. or spread. over the whole ring. This gave rise to the second symbol
for henzene:

H
|
H C H
N oSN S
C C
| | CgH;, delocalized electrons
C C
SN SN
H C
l
H

Wrong Choices Explained;
(2) Methane is CH, and contains only single bonds
H

l
H—C—H Ch,

|
H

(3) Acetylene is the commercial name for ethyne, G H,, which is straight
chained and contains a tripte hond.
H—C=C—H CH,
{4) Cyclopropane is a ring, but contains mnly single bonds benween its five
carbon atoms.
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H H
N
H C H
N S ON
C C—H
Bl
H_([:_'_'(f__H CSHIIJ
H H

50. 2 Saturated hydrocarhons contain only single bonds hetween carban
atorns. The suffixes of the compound names tell you what honds are present in
the compound.

Choice Name Structure
“-ene” indicates the presence of H\ H
11} ethene double bond {==C
- AN
H H
H H
b
(2} ethane “-ane” indicates only single honds H—C—C—H
b
H H
{3 ethylene another name for ethene
(4} ethyne -yne” indicates the presence of a H—{=C-—H

triple bond

51. 3 C,H,, _, is the general formula for the alkyne series, in whick C,H,
is the first member. Choice (1), C_H,, looks temptingly correct, but it's not
applicable fur the rest of the series: C.H,, C,H, C.H..

52. 3 The molecules will be squcezed into a smaller volume, hat their
numbers will not change. Molecules can't disappear.

53 2 With an increase in temperature more water molecules will evapo-
rate as they receive the energy necessary to break free of the bonds holding
them in the liquid state. In the gas state these molecules have more random
motiens than they did when in the liguid stote. This merease in randomness is
what un entropy increase is defined as.

(1
R

25°C Mere molecules in
gas slate lead to
higher entropy.

20°C

H:0
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54. 1 The prochuct of the concentrations of Ba'™ wons and $O% ™ jons must
remain constant,
K,, = aconstant = fBa** 15071
I [Ba2* | is mereased, then [SOA7] must decrease in the same proporlion so
the product of both remains constant.

K, = [Ba” Jisot-i
Ser also question 35.

55 1 More H0" ions mean a more acidic solution. The pH scale is
designed s that stronger acids have smaller plI numbers.

—#- Stranger acids, more
Hi0+ jors

Neutral

et} 1

1413 12 11 10 % &8 7 & 5 4 3 2 |

56. 2 This question describes the hoiling of water at 100°C aifef:: e:;‘g:
is needed to boil the water. This energy allows mule{:ukzs to l')‘re 2  the
bonds holding thewm together as a liquid and becom.f:' freer as za :;';s. This
energy does not miake the steamn hotter than the Ibon]!ng water; fmh tﬂ!tl
I0°C. Since the heat energy did not cause the kinetic energy of the wa er

maolecules 1o change, it must have gone into increasing the potential energy of

the nlecules.

HaO(g) at 100°C (same
KE., higher PE.}

HzO(1) ar 100°C

Encrgy being
added

PART TWO

Croup I—Matter and Energzy

37, 1 The partial pressure of a gas can be
vaenlated from its male factiun:

O =H:
I mole of hydrogen

+ 3 moles of helium & =He

4 moles of gas in Pask

4. Mole fraction of hydrogen = 1 mole of hydrogen

= {J.;
4 moles of gas, total =

h. Partial pressure of hydrogen = mole fraction X total pressure

Pa, = 0.25 X 400 torr
P = 100 torr

38. 3 One mole is defined as 6.02 x 10= molecules, just as one dozen
eggs is defined as 12 eggs. The nitrogen here has only 1.5 X 10® molecules,
which is a fraction of o mole,

1.5 x 10* molecules

— < » "V molecules
6.02 x 10® molecules/mole

Any material having this same number of moles must have that same number
of molecules, pamely, 1.5 x 102 Chojce (3} is the answer hecause it afso
contains 0.25 mole. That it meations O, is irrelevant, Just as the H,. He, and
Ne named in the other choices are irrelevant, Orly the moles matter,

amount of nitrugen = = 025 mule

59. 4 “Fusion” means melting: {s) — (€. Ifvou didn't know this, von might

- recall that “heat of fusion” is the name applied to the heat needed to melt

materials, like ice. Or you could get the answer by eliminating the other choices,
which are clearly wrong.

Wrong Choices Explained:
{1} Condensation means (g) — (€.
{2}, {3} Vaporization and evaporation both mean (£} -—(g).

44



ANSWERS JUNE 1985 Chemistry

60. 1 The gas laws, such ac Charles’ Law, Boyle's Law, and
PV, PV, T .
;‘ t = ; =, are technically for “idesl” gases. The behaviors of most real gases

1 Z
can be adequately (but not perfectly’ calculated by these equations. Here are
the differences between ideal and real gases.

Ideal Cases Real Gases

Molecules themselves occupy a

1. Molecules are mere points, a.
having ng valume contribution small fraction of the volume.
10 the total volume of the gas.

b. Molecules of the gas have no b Attractive forces exist between
mutual  attractions  between molecules in varving degrees.
themselves,

If the temperature of a real gas is high, then the attractive forces between
molecules will have a proportionally diminished effect because the molecules
have a higher velacity, while the attractive forces have remained constant. 11
the pressure of a real gas is low, then the molecules are further apurt, so Lheir
attractive forces are lessened and their own volumes are even less of the total
volume. ‘These two conditions, high temporatures and low pressures, cause a
real gas to behave mast like an ideal gas.
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Motecules have measurezble
volumes; attractions exist
between neighbors.

Molecules are points, with
no attractive forces.

Chemistry

Real Gas at High T
and low P

Fewer molecules mean less proportion of the
total volume,

Moiecules further apart mean less aitractive
forces between them.

Faster motion mcans atiractive forces are
diminished in their effects.

hl
-—g

.,

[T

Result: Behavior closer to an ideal gas.

Fewer mojecules mean less preportion of the tatal volume.
Molecules further apart mean less attractive forces between them.
Faster motion means attractive forces are diminished in their effects.

Result: behavior closer to an ideal gas.

6i. 2 The volume and pressure of an ideal gus are inversely praportional.
Curve B shows such a relationship.

Valume

Pressure

Wrong Choices Fxplained:

{1} Carve A deswribes 2 direet relationship. As vone variable increases, the
other variable also increases, though not by the same proportion. ‘This particaluar
curve might represent a square-root relation.
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(3 Curve C describes a divect proportionality. As onc variable increases.
the other increases by the same proportion. The relationship between volume
and mass of a liquid might be an example described by this tvpe of curve.

Mass

Volume of liquid
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A longer approach would be to write out the electron configurations for the
choives:

Chioice Number of Electrons Electron Configuration
~ clement with atomic (4] 152332
" nuniber 10 I
i1} Na i Ls%2522p03s? | P
C {2 Na® 10 {one less than Na! L5225 2p®
i3 C1 17 Es*2522pP35%3p°
4 CI- 18 (one morv than Cl} 152257 2p53523p"
64. 4 Electron dot symbols shaw the outer, valence eleetrons only. These

(4) Curve D describes a constant. The value of the y variable dioes not
change if the x variable is changed. This ts true, for cxample, of the value of an
cqnilibrium constant if pressure is varied.

v ——

Value
of Keg

Pressure

Group Z—Atomic Structure

62. 3 The three fundamental particles of chemistry are the electron, pro--
ton, and neutron. Their exact masses are given below. For most purposes their
masses are rounded off to 0, 1, and 1 amu, respectively, far e, p, and n. For
most purpuscs the proton and neutron are regarded as having the same mass,
1 amu. The deuteron is not a fundamental particle, but the nucleus of deuterium
{an isotope of hydrogen), and consists of a proton together with a peutron. Its
mass is 2 amu.

Particle Exact Mass, in amu Exact Mass, in grams |
electron 0.000355 9.11 x -2 :
proton 1.00728 1.670 x 10~ i*
neutron 1.00867 1.672 X 10::
deuteriom (n + p} 2,01395 3.342 x 10

outer electrons can be only in the s ar p orbitals. because d and f orbitals are
alweys within an outer (valence) shell of 5 or p electrons. In other words, dot
pictures can be translated into erbital notation. Using the periodic table we
make a visual inspection to see if any of the orbital notations in the question
match a known metalloid.

Dot Eguivalent Orbital Any Metalloid with
Choice  Symbel Notation Same Notation?
(L X st No, this designates the active metals of
Group [A. (*See note)
(2} X: s No, this designates He and Group A
metals,
{3 X s*p8 No, this designates Group O inert gases
from Ne down.
) X syt Yes, the element As (atamic number

33}, which is a metalloid in Graup VA,
ends with 4s°4p*

! * Note: This may have been a misleading question. Choice (1) could be the dot

syinbol of H with its one s' electron. And on the Periodic Table, hydrogen is
surrounded by a beavy-lined box, which means that it, tos, can be considered

' a metalloid. Choice {4), however, was the official answer.

65. 2 Fluorine {atomic number 9) must have 9 electrons whether it is in

i the ground state or in an cxcited state. Choices (3) and {4) are automatically
63. 2 A quick approach is to nute that the element with atomic number climinated because they show 10 electrons.

10 will have 10 electrons, while Na (atomic number 11} will have 11 electrons.
If Na should give away one electron, the Na* ion that results will have only 10
electrons remaining. Su. the electron configuration of Na” must be identical
to that of the element with atomic number 10.
10e~
Ile™ }

same number
of electrons

element with atomic number 10
Na* ion Na atom — le~ = lle™ — le~

Choice (1} is the ground state of F: [5%2:%2p°
Choice (2) is an excited state of F: 1$%25'2p°

In the excited state, one electron (from the 2s level) was promoted upward (to
the 2p level).

15°2s*25™  One electron promoted
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66. 1 According to Reference Table F, the haif-life of radioactive P is
14.3 days. This means that after each 14.3 days anly half of the previeus amount
of **P remains.

Time Passed in days Amount of 2P Left, in grams

at start 32 :
143 16
28.6 4
42.9 4
57.2 5
7L.5 1
This cun also be solved by formula.
i 71.5 days
n = number of half-lives passedt = h:lr:]?fe B 132 il *

amount remaining = (original sample}(})” = (32 g3 = (32 gidy) = lg

i
:
Group 3—Bonding :

67 1| The presence and strength of ionic bonds in a compound can bd
determined from the electronegativity differences between its atoms, A differ!
ence of 1.7 or greater indicates ionic bonds. :

Electronegativity Differences

Type of Bond:

Choice  Compound  Obtained from Reference Table 1
(1 NaBr 28 —-09 =15 {onic :
(2} HEr 28 - 2.1 =07 polar covalent
{3 CsH .0y Organic compounds are generally
cavalent.
3] CoO, 35 -25=140 polar covalen

t-

8. 2 To have a nonpolar covalent bend, the electronegativity difference
rust be . This vecurs only when identical atoms share electrons, as is true ¢
diatomic molecules like Fy, Clo, H., and Q. The electronegativity differenc
between atoms in the other choices will be greater than 0 but less than 1.5
Their honds will be polar covalent.

69. 4 When the temperature is low enough (0°C). water motecules wil
form a crystalline arrangement we call solid ice. The bonds that hold neigh
buring molecules of water together ar: onh moderate in strength, heing pr
marily hydrogen bonds between molecules. This is the essence of a moleculn
solid: molecules bound to each other by moderate attractive forces, The mole
cules are close to one another but they have not lost their identity as separate!
individual molecules.

/ HQO\ ’,Hfo\‘ ?
4 A 4 v ~ i
H %O wm==H.0O 1

+H,0  Weak van der Waals and polar bonds :
1 ‘< 1

1 1 JIH2O\ 1 ¢
HZO---_HEU “H,0O
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Wrong Choices Explained:

{t) Tonic sofids are composed of an enormous lattice of + and - ions. All
ions are attached equally to their neighbors in one giant molecule or lattice.
NaCl is an example. The ionic bonds in ionic solids are very strong,

| l |
~Na*—Cl~—Na*—
| | i
—Ll~—Na*—Cl—
| I |

(2} In network solids, neighburing molecules are joined by actual covalent
bonds, by actual sharing of electrons. This makes them somewhat stronger than
molecular solids, which bend not by covalent bonds, but by weaker polarized
attraction. Quartz, made from $i0, molecules, is an example of 2 network solid.

(3} Most solid metals such as Cu, Al, Mg, Na, and Li, are metallic solids.
The atoms of these metal elements are heid to each other because they com-
pletely exchange their outer electrons. These freely transferred electrons form
a “sea of charge” that holds neighboring atoms together. This also explains why
metals can conduct electricity well,

Strong ionic
bonds in a giant
lattice of inns

Quier electrons are
delocalized in a “sea
of electrons” bonding
the metal atoms

® Outer
electron

7.3 H. N, and Br represent atoms. These elements do not remain single
at STP conditions. They join with themselves to form the diatomic (2-atom)

qmu’ecu]es H,, N,, and Br,. The ¢lement krypton, however, being inert, does

not bond even with itself. Kr atoms are also molecules.

The formula for a molecule: of gas identifies the structure of the gas at specified
conditions of temperature and pressure, here at STP. A krypton molecule is
simply Kr; hydrogen, nitrogen, and bromine molecules are H,, N,, and Br,,
respectively. )

7. 4 A H—O hond is slightly polar covalent because the electronegativity
difference between O and H is 3.5 — 2.1 = 1.4. A C—5 bond is nonpolar
covalent because the twn elements have the same electronegativities, 2.5 —
2.5 = 0. Water molecules will therefore be polar, while carben disulfide mole-
cules will be nonpofar. And water molecules will have attractive forces that hold
them together as a solid or liquid, while CS, will have no such intermolecule
attractions. That's why water does not vaporize to the extent that CS, does.
H,0O has a low vapor pressure; C5, has a high vapor pressure.
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Wrong Choices Explained;

(I+ Hz0 is actually a smaller molecule than CS,. but size is not the iss
here. Molecule size can he estimated using the covalent atomie radins given
the Periodic Table. Remeniber that the atom diameters below are fwice o
radiuy given in the table.

73. 1 The metals of Group 1A are also known as atkaline earth metals.
g is in that group, together with Be, Ca, Sr, and Ba.

rong Choices Explained:
(2} Zn is in Group I1B. All the B-group elements are known as transition
H20 CS: ements.
1 {3} Liis in Group IA. These are known as alkali metals.
H 0-H S$==8§ '
! 74 & To bhecome an $%” ion, the §” atom must guin hwo electrons.

§% + e — 8%~

/:\ - /.\/—’\
OUO * ese twa electrons go into the two openings of the outer Ap sublevel of sulfur,
89 = 15%9g20p83520p*
52— = 15°25%2p%3s%3p"

e - - L - ese extra lwo electrons will inercase the repulsive forees between all the
> w r ) N e ter electrons so that the 3y and 3p sublevels will be slightly swelled, or
x x X x X x anded. in si
=] Py =] — o - panded, in size.

- 3 et 2 ~ 8 In summary, the $2- ion has a larger radius because it has more electrons
i [T 1 ] i It it the §° atorn.
o = © 0 = &
= o o i
2 o - - & b4 75. 3 Transition metals, which are located in the B groups on the Periodic
able, usually give calored ions in salution. For example. Cu?* is blue, Fe?*
rust red, Ni2* is greea, Mn7* is dark purple, and Cr3~ is dark green.
76. 2 Fluorine is element number 9; oxygen is element number 8. The F
- e ucleus has 9 protons, giving it a +9 charge. The O nucleus has 8 protons,
2134 5624 jving it a +8 charge. The vutermost electrons of both elementy are in the
: nd principal energy level. However, the stronger +9 charge in F's nucleus

racts these electrons more than does ©O's nucleus. This extra nuclear churge
lains two facts:

a. The F atom has a slightly smaller vadius than the O atom.

h. The F nucleus keeps a stronger hold on its outer electrons. Its ionization
H,0 =2 + 16 = 15 amu cnergy is higher than uxygen's (see Reference Table I,

C3, =12 + 32 + 32 = 76 amu 3

{2} H,0 is actually smaller in molecular mass than CS,. This suggests th
it shf)uld vaparize more easily, but it doesn’t-—because of the attractive bon
holding H,0 molecules to each other.

- . Griup 5—Mathematics of Chemistry
(3 Neither H,O nor C5, has lonic bands within ar between its meleculed
} 77. 1 The easiest way to handle this question is simply to find the molecule

Group 4—Periodic Table bwith mass 16;
n g CH,=12+1+14+1+1=16
Period Diatotstic Elements Ll'|'|~f' others are much heavier than 16, and, in fact, none of themn reduces to an
—_— mpirical formula of CH,.
1 H,
g gf O., and F, 78. 4 One molecule of C4H .0, clearly containy 12 atoms of hydrogen.
4 2 Therefore, 1 mole of this material has in it 12 moles of hydrogen.

Bry . Here's an analogy. If a box contains 6 hamburger rolls, how many dozen rolls
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are held by a dozen hoxes? Answer: 6 dozen rolls. Of course, altogether there
would be (6 % 12) = 72 rolls. The question didn't ask how many rolls there
are, however, but how many dozens of ro]]s. ‘ ’

Similarly. this chemistry question doesn’t ask how many molecules ugh) dra-
gen there are, but how many meles of hydrogen there are. There are 12 males
of H atoms, this does mean there are 12(6.0 X 102 atoms of hy‘drogen‘, blut
that's not asked for by the question. Choice {2) is wrong loc this particular
question.

79. [ we ¢
mass of 22.4 liters of the gas. then wi'll have its mole mass, which, in turn, is
also its molecular mass, ‘
2.0¢ 224 liters g
liter mole mole
b. Molecular mass must be 44.8 amu, which rounds to 45 amu.

= 448

a. Mole mass of this gas =

8G. 1

) heat absorbed

It

as ; ature change, in °C)
{mass of water) X (temperature change,

g = {m) x (&%)

g = (5g x {(15°C - 10°C}

g = (Bg x (5C

y = 25 cal

$1. 4 Obtain the atomic mass of each element in 1 molecule of C.Hy.
carbon: 2 X 12 = 24 amu
hydrogen: 6 X 1 = 6amu
} carbon mass 24 amn - 4 4.1
carbon : hvdrogen ratio = bydrogen mass = & amu 1 :

Group 6—Kinetics and Equilibrium

82. 4 This reaction shows the formation of 1 mole of the KCI directly from:
its elements. .
|
Reference Table F prescnts the energy information for such synthesis, or ford
mation, reactions:

potassivim chloride, KClis] AlY
AGS

K(s) + 3Cly(g) — KCl(s}

b
!

— 104.2 Keal/mol
- 97 6 Kcal/mol

The AH value tells vou how much heat is redoased in this reaction (the mir?u
sign means the reaction is exothermic): the AG value te]lls vou that the reactuzu
occurs spontanceously (the minus sign means the reaction was sp{mtanul-oua}
Reactions are spontanecus only if AC is negative. Values for AH ur AS alond
are not the determinants for spontancousuess.

———— -

2 One male of any gas at STP occupies 22.4 liters. If we know the}

'

8. 3 Al of these compounds are highly
tiny amount will dissolve. The extent to whic
 the “solubility product equitibrium constant,”
K. The smallest K,,
would make the “"mos

insoluble in water. However, a
h they will dissolve is given by
K,,. shown in Reference Tahle
value indicates the material that dissolves feast. which
t dilute” solution. That is clearly Zn§.

K,ofZn§ = 1.6 x 192 = (Zn®*)}S2 )

84. 2 Memorize the equation: AC
tation of this equation.

AC
Energy that is “free” to
drive a chemical
reactipn spontaneously.

= 4H — T AS. Here is one interpre-
= AH

Heat cnergy released Energy lo
by the reaction.

T AS

st to the
increased randomness
of the molecules.

85. 3 A K, expression contains onl
ucts. These cancentration terms, 1X]
eoefficient in the balanced equation:

y the concentration terms of the prod-

. are maised to an exponent equal to the
[I]tu:l'ﬁcn:nl'

Mg(OH), —> Mg** + 2 OH-

K, = IMZ*{[OH ]2 Coefficient becomes exponent.

86. 1 Reference Table K gives the K,, for Ba80, as 1.1 x 10~
¥

Group 7—Acids and Bases

-
i

87. 3 Remember that an H*
see that one water molecule don
molecule accepts it.

ion is the same thing as 4 proton. Here we
ates a proton (H*), while the other water

{base) (acid}
H—O-—H + H—H,0" + OH"
H -+
translerred

Since water here acts as hath a

proton acceptor and donar, it is said to be acting
both as a base and as an acid.

8. 2 Only a basie solution will canuge litmus to tum from red to biue, We
must find which one of these gases. when dissolved in water. forms a basic
solution. By standard laboratory experiments and by direct memorization of

required material, chemistry students will recognize that NH, ammonda, is the
required gas.

NH; + H,0 — NH,OH (a base)

] . .
'The other gases form acid sulutions.
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Reference Tables | and K can also be used to determine what is formed when Wrong Choices Explained:

these gases are dissolved in, and thus react with, water, Reference Table ]! (3 NH; can give out a H* ion. but cannot take one in.
shows the extent to which they form acid solutions. NH — H* 4 NH, lin Reference Table
Reaction K NH3 + H* X does not occur
H)S —H* + HS B 1.0 x ]‘0:: {3} 49} NO; and Cl- can take in an H* ion, but, since they obviously
H;O + 50, — H* + HSO; 1.7 x 10 ;

1 contain no H atoms, they can't give out an H™ ion.
3

i Group $—Redox and Electrochemistry

H, O + CO, — H* + HCO; 4.4 x 10" .
NH; — H* + NH:_ very small, < 10~

From this we see that H,S, 50, and CO; will form H* ions (acid} to & 92 4 Once a chemical cell hus reached equilibrium, there is no further
measurable extent. The NH, reaction is negligible, since its K, is not eveng chemical reaction occurring. No electricity can be made, and so the voltage
measurable. So, NH, can't make an acid seluhon. However, NH, can make of j5 0

basic solution, as indicated in Reference Table X. :

93. 2 Write the underlying lalf-reactions and obtain their potentials from

NHyaq) + He0 = NHy + OH™ ! Reference Table L.
89. 4 The best conductor is the acid that ionizes most, releasing most H! oxidation: 2Al1' —— 24P+ + 6e - E° = +1.66 (*sce note)
ions. This can be determined from Reference Table J. We need to find the gcid; reduction: 3Cu?* + 6e~ — ICu® E° = +0.34
with the largest K, value. This is HNO;, whose K, is given as “very large. ol E* = 1200 volts

Wrong Choices Explained:

(1} C,H4OH is ethyl aleohol. Tt does not ionize and so cannot eonduct elec
tricity.

(2) CHLCOOH is acetic acid. It does ionize to form H~ ions, but only to s

' a. This equation is the reverse of that printed in Reference Table L, which
shows reductions, not oxidations. Therefore, E° here has the sign op-

i
i
i *Note.
|
4 posite to that indicated in the Reference Table, + 1.66 volts instead of

is given as 1,8 x 10-% in Reference Table }. ~ 166 "'Oltl- ‘
sm(;l)] exctelr;t. (I)t : ils(“gl\:fc}g:e_ls[‘gii(: gostlofganic compounds, it doesn’t ignizc and‘. b. This equation is 2a.ftually double Ithe one that is pjntcd in Reference
d 't o0 c112 felectricity Tahle I.. The Cu®* equation is triple the one given in Reference Table
oesmt condue . L. However, the E° values are not changed. The same voltage, E°, is
90, 4 This product, [H;O*[{OH ], is always 1 x 107" Its symbal is K, produced ne matter how many times the equation and moles of reac-

tants are multiplied.
. . .
W;:t;)ngT(}]l}il: l‘f:nﬁ:;p 1121 ]tl:: .[H O*] in this solution. Remember that [H,0*]and 9% 2 The hali-reactions from the previous problem reveal that electrons
3 . 1

- { are being given out by the AlY and being used up by the Cu?* ions. They travel
[H™] are equal, interchangeable terms. " through the wire from the Al electrode over to the Cu electrode, then meet

K, = (H"{OR") ' " the Cu** from the salution. ]
LO % 107" = (H*) (1 x 1075 Q Switch closed
(1.0 x 10°*4) » —
H*) = =1 x 10

T

{1 x 1078

91, 1 Amphiprotic ions can either give out or take in a proton (which is:
H* ion). Such ions can be located using Reference Table | because they appes |
on two lines and two sides in the table: first as an acid, second as a base. Thif
is true of HSO; .

Electron
Flow

(base)
H,50, — H* + HSO;
(reverse arrow from Reference Table ||
(acidt B AP+ Cure
HSO; =+ H> + 802
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95. 3 There are two ways to approach this problem. l

Group 9—Organic Chemistry
a. Mg can replace a metal ion from solution only if the metal is less active;

than Mg. Ag (silver} is less active than Mg, so Mg can replace Ag” jonsy 97 4 A dihydroxy alechot must contain twe OH groups. Only C,H (OH),
I !

from solution. ? fits. Lo
Mg + 2Ag* — Mgt + 2Ag | |
b. From an electric potential approach, if the Mg is to react it must bef H—C—C—H
oxidized. : |
Mgl — Mg?* + 2e” . Ol OH

The oxidizing agent must have a reduction potential greater than that of- lh?i Wrong Choices Explained:
Mg?* ion just formed, or else the Mg?* ion wil recapture the electrons givert (1), (3 These contain OH- groups, but they are not aloohols, They are
ofl. From Reference Table L, [ inorganic ba.&_;es, ‘

© {2 GHsOH); is a trihydroxy alcohol called glyecrol.

AgT + o — Ag E° = +0.80 volt Stronger than Mg2* ]

= i H H
Mg2*t + %e- - Mg E° = -—2.33 vollt i ’ Ir{ !
Sr¥*  + 2e” — Sr E® = —2.89 volt L :
B:;* + 2e~ — Ba E° = ~2.90volt Weaker than Mg?* : T (|3 a (| B (|: -
i+ -~ —Li  E°= —300volt
Ld + e” —Li f y d: OH OH OH
Ae* h eduction potential that can capture the electrons from Mg and
gr';lfemg Mp;;l‘i afrrcn-n retaking them. 98 3 Aprimary alcohol has the OH group attached to a carbon atom which
- is linked to one other C atom. This will be 2 C atom at the end uf a straight
- chain,
96. 1 When KBris fused {melted), the K* and Br~ jons are free to migrate c
toward electrodes. C—-C—~C—([J C_C__IC_C C—(:J _C
l , l OH OH OH
- Primary Alcohol Secondary Alcohol Tertiary Alcohol
- + - OH on a C attached to 1 OH on a C attached to 2 OH on 4 C attached to 3
. other C atom other C atoms other C atoms
oy Choice (3): Ir Ir{
X+ Molien KBr(l) H—C—C-—0OH
|
H H
OHuynaC
attached to just
I other C atom
i Wrong Chaices Explained:
At the negative electrode, elec- At the positive electrode, e[“_' {1} This is an organic acid.
trons are picked up by the K* trons are re!ea.sef:l b}f the Br {2} This is an aldehyde.
ions, which is reduction. ions, which is oxidation. (4] This is a secondary aleohol.
K* +e- — K 2Br~ — Br, + 2¢”



r
ANSWERS JUNE 1985 Chemistry 59

ANSWERS JUNE 1985 Chemistry 60

9. 1 CUHJ(OH) is glveerol. Its IUG vame is 1.2.3-trihydroxvvpropane.
See also explanatiou for choice (2) of question 97.

Wreng Choices Explained: .
(2 gEthylene glycol is the common namre for 1,.2-dihvdroxyvethane.

H H
| |
H— C — C—H  CH,(0H),
| |
OH OH
{(3) Propene is CyHy. P
H H H
T
H—C—-—(C=C
| N
H H
(47 Propanoic acid is C;H;COOH.
H H [§)
(4
H—-C—C—C
N AN
H H OH
100, 2 Ketones have an O atom attached to some inner C atom.

Choice {1} CH,OH Choice {2} CH,COCH,

H H H
| i 1
H—C—H l
l
[oH]
Aleohol
Choice [3) CH,COOH

Ketone
Choice {(4) CH,COOCH,

H O
V7
H—{—C
| N
H rCH,
Ester

16]. 3 Since these compounds arc all alkuanes, the elcetrieal interactions
and attractions hetween molecules are about cqual. Therefare, the prrineipal
determinant of boiling point will be molecular mass. Materials with smaller
molecular masses boit “easier.” at lower temperatures, because they need less
energy to be ejected from the liguid as a gas. The actual hoiling point of each.
taken from a reference book, is shown in the table below for comparison.

Chaoice Formula Mass in amu Boiling Point, 1 °C
(1) butane C,H, 38 —0.6
(2) ethanc oHy, 30 — 88
{3) methane CH, 16 —162
{4} propane C.Hg 44 —432

Group 10—Applications of Chemical Principles

102, 2 Carbon can replace a metal 10n anly if carbon is “more activei-” than
the element it is replacing. See question 95. Mg, Na, and Li are active metals,
and so their oxides, MgQO, Na,O, and Li,0, respectively, are very stable. They
cannot easily be reduced to the pure metal, certainly not by carbon.

Mg(Q + C — no reaction
Na,0 + C — no reaction

Li;O + C — no reaction

However, Zn s not an active metal. Carbon can replace it in its pxide.
2ZnQ + C—4n + GO,

This is the standard methed for producing many such metals from their ores,
usnally oxides:

Zn from Zn0O
Fe from Fe,0,
Cu rom CuQ

Ph tromn PhO
$n frum $nQ),

103. 2 Cracking consists of taking large molecules and breaking them into
smaller molecules. Crude oil contains a high amount of very large molecules
with 20 to 36 carban atoms and higher. These are heavy wax, asphalt. and tars,
Cracking changes these into molecules with smaller numbers of carhon atoms,

gasoline—molecules with Cy to C,, formulas
kerosene—molecules with G, to C,, formulas

Wrong Choices Explained:
{1} Oxidation can mean either combining with oxygen or losing electrons.
Standard oxidation: 2Mg + O, — 2MgO
redox oxidation: Mg + Cl, — MgCl,
because Mg® — Mg?* + 2¢-




ANSWERS JUNE 1985 Chemistry

mrANSWERS JUNE 1985 Chemistry 62

(3) The Haber process is the commercial method of making ammonia from
nitrogen and hydrogen.

{(4) The contact process is the commercial method of making sulfusic acid
from sulfur or sulfide ores.

14. 1 In a chemical cell the positive electrode is where electrons are
being used by the reactions; the negative electrode is where electrons are being
released by the reaction. The underlying half-reactions for a nickel-cadmimm
battery are as follows:

Ni'* + 3e” = Ni' reduction, at + electrode)
Cd? — Cd®* + 2e -~ (oxidation, at — electrode)

The material that makes up the positive electrode must vontain the Ni** ion,
namely, Ni{OH}),.

105. 4 Iron, tin. and lead are obtained commercially by reducing their
oxides with coke (carbon}. See question 102, Potassium, being an active metal,
cunnot be obtained from its salts or oxides by reaction with carbon. Electricity
must be used. The patassium compound is first purified, then melted under
high temperature. Electricity is passed thraugh the liquid, and the K* ions
migrate toward the positive terminal, where they are reduced to K°.

A K*+e~+K-

—1—— Melted potassivm compound

106. 3 The contact process has three fundamental steps:
a. "Roast” the ore or sulfur to make sulfur dioxide.

S+ O0,— 50, 2FeS + 30, — 2FeQ + 250,
b. Oxidize sulfur dioxide to sulfur trioxide with « catalyst.
Va0
250, + 0, — 250,

c. Buhble the sulfur trioxide in water to make sulfuric acid.
50, + H,0 —= H,50,

More O:

01 ——> A
S0, S v
SOz 205 SO3 L

Heat
to make
80:

Heat «
to make o "
50;

oﬁ
-0

Bubbie in
waler

Wrong Choices Explained:

(1) The catalyst, vanadium pentoxide (V,05), is used, not to make SO, di-
rectly from pure 8, but from SO,.

(2), (4} Ozone, Oy, is not part of the centact pracess. Choice {4) is alse not
balanced; it should be eliminated on that ground alone.

Group 11--Nuclear Chemistry

107. 2 28Y disintegrates stowly into 2P and other products. Reference
Table L gives a half-life of 4.51 X 10° years, about 4} biltion vears. As time
passes, the ratio of Jead to uranium slowly increases. This ratio can be used to
date geologic formations.

Wrong Choices Explained:

Radioactive compounds are used for these medical purposes. However, the
material used must have a short half-life so that detection and treatment is not
a prolonged health risk.

{1) For diagnosing thyroid disorders—radioactive iodine is used.

{3)  For detecting brain tumors—radioactive potassium is used to follow the
blood flow.

{4} For treating cancer—powerful radicactive sources are used to produce
radiation that kills cancer cells.

108. 4 In this equation. lighter atoms are forming heavier atoms. This is
the essence of fusion.
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Fusion
e
+
+ IH

2
+H i

4
1He

i ——

Wrong Cheices Explained:
(1) Alpha decay is the process in which a larger
smaller atom and a helium nucleus (the alpha particle)

alpha
decay
R

4
iHe

#Na
(alpha panicle)

Al

(2) Beta decay is the process in which a neutron qf an atom diSirT“itg'me? f
produce a proton and an electron. The proton remains behind, resﬁ m{ir:i]n
new lement with an atomic number greater by 1 more than_that of the s
element. The electron shoots away and is called a beta particle.

beta

decay _
6p — €
in
1C N + e (beta particle)

Fission is the hreaking of large nuclei into smaller ones, with the rele

)]

of great energy. Fission is “triggered” by bombardment, usually by a neatros

A~

fission
36p +
—— —_—
@ 96n

wKr +

<

142
N + 33U B2 +

atom disintegrates into a

. ' . |

@ (ejected)

+ @ === EThe unknown particle is }X, which is a neutron.

—
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109. 3 Heavy water, like ordinary water, has the formala HoO. The dif-
ference is that the hydrogen atoms in heavy water are the isotope $H or 3H
instead of ordinary {H.

Heavy water is used to remove the heat energy of fission reactors from the
“tore” to a heat exchanger. {Eventually, this heat is used to boil regular water
into steam to drive electric generators.} Heavy water is alse used as a moderator.
Moderators cause nentrons ta stow down so they become mare cffective as
triggers to start more fssion reactions. See guestion 108,

Wrong Choices Explained:

{1). (2) Cd and B can stop and capture neutrons, so they are used in control
rods to reduee or shut off a nuclear reaction,

(4) Graphite, C, is like heavy water—it moderates or slows down neutrons
to nl-lalce them more effective triggers of fission. Unlike heavy water, C is not a
coolant.

110. 4 Most fissinn reactors started out using uranium as their fuel. Re-
cently plutonium, specifically 2%Pu, has become favored as a fuel because it
can be “bred” (produced) cheaply from ongoing uranium nuclear reactors.

Plutonium is a controversial fuel. If it is produced too abundantly. there is a
danger that some nations and/ot terrurists could use it for weapons rather than
electric energy. It also has a half-life of 24,000 years, which means that, should
too much of it be produced artificially, nations will have problems in storing it
before it's used as a keel. U-235 is produced in just enough quantity to be used
immediately as a fuel. Pu-239 may become too abundant . . . a very real dunger,

Wrong Choices Explained:
(1, (2), (3) These cau be eliminated as fission fucls because they are light-
weight atoms. Fission reguires large atoms such as U-235 and Pu-239 as fuel.

111. 1 In all such nuclear transformations two key rules must he nheyed:
a. The total mass numbers of reactants and products must be equal.
b. The total electric charge numbers must also be equal on both sides of
the equation.

7T+ 4=3+1

- Mass numbers
TAl + dHe —> 3P + X

Electric charges
13+2=15+0
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Group 12—Laboeratory Activities

112. 4 Filtering separates insoluble substances in a water mixture.

Funnel with filter paper

Clay (Clay remains on paper.)
and water
mixtare

— Pure water

Wrong Choices Explained: ‘ ‘ o

I(’;'} gPrec:ipit:;ntnesli)aras-, formed by chemical reactions. Sometimes pre?lplti_ltlﬂlli
are made to setile faster by centrifuging. This involves spinning the ;Ol}l:uutz ‘:\e
high speed in a centrifuge. The precipitate settles to the bottorn of the

ed. . ‘
us(ﬁ!} (3) Boiling is a quick way to separate the water anc‘l c{usqlved ng'til?lef
from‘one another in a solution. Technically. this is called distillation, or “cvap
oration to dryness.”

113, 2 As time gous by, the temperature of this materiall will decrea}:e,
but not in the systematic, linear manner of choce (3). There will h.e afr‘e[t;eb
of time where the temperature will not decrease cven thatgh heat is heing
removed. These will veenr during phase changes.

Temperature
(eC) Gas coeling
Boiling
point
temperature

Gas becomes liquid
Liquid cooling
Freezing or

melting point pe—=——=========
temperature

Liquid becomes Solid
solid cooling

Time {min.)
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114 3

o observed value — accepted value
% error = x 100

accepted value

55.2°C ~ 50.1°C (5.1°C)
% = — ¥ = -
ermr 50 1°C 0 = ooy X 100

% error = 10.2%
115, 4

ivolume of acid)(strength of acid) = (volume of base)(strength of base)
(20.6 mbjix; = (40.0 mh0 20 M)
L _ (40.0 ml)0 20 M)
20.0 m}
xr =004 M HCI

116. 1 In addition, the sum cannot be more precise than the

. decimal place
in the least precise of the numbers.

{precise to thousandths place)
{precise to ten-thousandths place}

(now precise to thousandths place also)
The digit “3” in 0.0293 g was dropped, and the number rounded off to 0:029
£

Hiustrative examples of rules for significant digits in answers.

Addition and subtraction—no digits allowed beyoud the decimal place of the
least precise of the numbers.

Mudtiplication and division—same number of stgnificant digits as are in pum-
ber with least number of such digits.

0.027 g 0.027 g 0.027 em 0.027 g
+ 0.0023 g - 0.0023 ¢ X 0.002 3cm 0.0023 mi
(.0293 g 0.0247 ¢ 0.0000621 em? | 11.73913043 1/l
0.020 g 0.025 g 0.000062 cm? 12 g/ml
(to thousandths | (rounded up (two significant {two significant
place only) to thousandths digits only) digits only)
place only)




