
Chemistry 5, General Chemistry

Self Test Solutions

1. This question involves very common conversions among the same unit expressed
in different prefix amounts.  We note that the concentration limit, 30 ng/mL,
expresses both the mass and the volume in prefixed quantities: ng and mL.  We also
know the total volume of interest in L units, and we are asked to compute the total
mass of calcidiol in this volume expressed in g units.  There are two routes we can
take here: we can convert the concentration into g/L units and multiply this by the
total volume in L units or we can convert the total volume to mL units, multiply that
by the original concentration to yield a total mass in ng units and convert that from
ng to g units.  Let’s work through both step by step.

We can convert the initial concentration from ng/mL to g/L units through the
definitions of nano and milli:

30 
ng
mL

 = 30 
ng
mL

10–9 
g
ng 103 mL

L
 = 30 × 10–6 

g
L

 = 3.0 × 10–5 
g
L

We multiply this concentration by the total volume to obtain the total mass:

3.0 × 10–5 
g
L

5.6 L  = 16.8 × 10–5 g = 1.68 × 10–4 g

The second approach converts the total volume into the volume units of the original
concentration (L to mL):

5.6 L = 5.6 L 103 mL
L

 = 5.6 × 103 mL

then multiplies this volume by the original concentration:

5.6 × 103 mL 30 
ng
mL

 = 168 × 103 ng = 1.68 × 105 ng

then converts this mass in ng to the mass in the desired g unit:

1.68 × 105 ng = 1.68 × 105 ng 10–9 
g
ng  = 1.68 × 10–4 g

in agreement with the first approach.

2. A “conversion factor” is simply the constant that takes a quantity expressed in one
set of units to the same quantity expressed in another set.  For example, we know 1
m = 100 cm.  Thinking of this as an algebraic expression in which the unit labels
can be manipulated just as algebraic symbols can be, we see that we can write this
equation as 1 = 100 cm/m by dividing both sides of the original equation by the “m”



unit label.  This trivial example shows that correctly constructed conversion factors,
100 cm/m here, are, in effect, equal to “1” and as such can be used to multiply or
divide any quantity without changing that quantity’s value.

In this situation, the conversion factor we seek (let’s call it x for now) turns a
concentration in ng/mL units into one in nmol/L units.  This shows that our factor
needs to have the following units:

x nmol
L

 = x nmol mL
L ng

 1 
ng
mL

Note that our factor contains the ratio nmol/ng, and the “nano” prefix is common to
both the numerator and denominator, which ensures that nmol/ng = mol/g,  Thus,
one part of our factor contains the reciprocal of the calcidiol molar mass: 1/400.64
mol/g.  The other factor in x is the simple mL/L conversion factor: 1 = 103 mL/L.
This shows that

x nmol mL
L ng

 = 1
400.64

 nmol
ng 103 mL

L
 = 2.4960 nmol mL

L ng

Note the number of significant figures in this factor: the factor of 103 is exact, and
the molar mass is expressed to five significant figures, which, therefore, is the
appropriate number of significant figures for our factor.

3. We need to work through a couple of conversion factors here.  First, we can reduce
the “kW” unit to more fundamental “J/s” units:

1 kW = 103 W = 103 Js

To include the definite amount of time in “kW h,” we convert from “h” to “s” units
working our way through the intermediate “min” unit:

1 h = 1 h 60 min
h

60 s
min

 = 3600 s

Thus, we can write the following, finishing with the convenient MJ energy unit:

1 kW h = 1 kW h 103 Js 3600 s
h

 = 3,600,000 J = 3.6 MJ

4. This situation is one you will encounter again and again in the Chem 5 lab as well
as lecture: two solutions of different concentrations are mixed in different amounts
to produce a new solution with new concentrations of the original solutes.  We find
those new concentrations following the steps described here, no matter how the
concentrations are expressed (as long as both solutions can be expressed in the
same units).  Here we have masses of the single solute, sugar, expressed in grams
and volumes of the solvent, water, expressed in liters.  The concentration of the
first solution, C1, is



C1 = 
60 g
1.5 L

 = 40 
g
L

while that of the second, C2, is

C2 = 
20 g

800 mL
 = 

20 g
0.8 L

 = 25 
g
L

Next, we make our mixture.  We are to take 20 mL = 0.020 L of solution 1 (let’s
call this amount V1) and mix that with V2 = 30 mL = 0.030 L of solution 2.  Our
mixture will have a total volume V = V1 + V2 = 50 mL = 0.050 L.  In the 20 mL
from solution 1, we will have the following mass of sugar:

m1 = C1V1 = 40 
g
L

0.020 L  = 0.80 g

and in the 30 mL of the second solution, we will have

m2 = C2V2 = 25 
g
L

0.030 L  = 0.75 g

for a total mass m = m1 + m2 = 0.80 g + 0.75 g = 1.55 g.  This mass is in our final
0.050 L volume, V, giving a final concentration C of

C = m
V

 = 
1.55 g

0.050 L
 = 31. 

g
L

Note the steps we followed here.  First, we calculated the concentrations of the
solutions to be mixed.  Often, this step will be unnecessary; you will be told the
compositions and concentrations of all the solutions at hand.  Next, we took the
volumes of the solutions that we planned to mix and used them to calculate the
amounts of the solute in each volume: amount = concentration × volume.  Finally,
we added these amounts and the two mixed volumes to find the final mixture’s total
volume and concentration.

Take a minute or two to see how you could use this type of logic to solve a very
similar problem.  Suppose you had only solution 1 (with 40 g of sugar per liter)
and lots of pure water.  How would you prepare 100 mL of a solution containing
30 g of sugar per liter?  This dilution problem is also very common.

5. Here, we know the values for the time, t, the equation’s constant, k, and the
concentration at that time, C.  We are asked to find the initial concentration C0:

t = 140.0 s k = 0.049 L mol–1 s–1

C = 4.25 × 10–2 mol L–1           C0 = ?



We need to do a bit of algebraic manipulation of the equation that relates these
quantities.  There are several approaches to rewriting the equation in the form “C0 =
some function of C, k, and t,” but no matter which you choose, you should end
with the following expression, or one that can be simplified to it:

C0 = C
1 – Ck t

 

Next, we substitute our known quantities in this equation, including the units of
each, and make sure to double-check our algebra with a quick dimensional analysis.
Once we are satisfied that our new expression is dimensionally correct, and only
then, we can reach for our calculator and do the arithmetic to calculate a numerical
value for C0:

C0 = C
1 – Ck t

 = 
4.25 × 10–2 mol L–1

1 – 4.25 × 10–2 mol L–1 0.049 L mol–1 s–1 140.0 s
 

= 
4.25 × 10–2

1 – 4.25 × 10–2 0.049 140.0
 mol L–1 = 6.0 × 10–2 mol L–1

Note that our answer is dimensionally correct (C0 is supposed to be a
concentration, and mol L–1 are concentration units) and it makes physical sense: we
expect the concentration at the start, C0, to be larger than the concentration at a later
time, C.

6. A graph of A versus T would not be a straight line.  It would look qualitatively like
the graph below, which was drawn assuming (arbitrarily) that B = 1.
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However, if we take the natural logarithm of both sides of A = e–B/T, we have

ln A = – B
T

 = –B 1
T

 

where the final expression on the right shows that ln A is simply related to 1/T.
This equation is in the form of a straight line, often written as



y = m x + b

dependent
variable

slope
  

independent
variable

intercept
 

Here, we have

ln A = –B 1
T

+ 0

dependent
variable

slope
  

independent
variable

intercept
 

so that a graph of ln A versus 1/T should be a straight line with a slope equal to –B
(and note that the slope could be positive or negative, depending on the algebraic
sign of B!) and an intercept of zero, as shown below:
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7. Our question here is a simple one: Which of the four equations in the problem is
dimensionally consistent given the units of the variables involved.  We want the
units of the right-hand side to reduce to the units of the diffusion constant, m2 s–1.
To make our work simpler, we should also reduce the units of those quantities that
are not already in fundamental SI unit combinations (i.e., combinations of kg, m, s,
K, and mol units alone—and notice that mass is expressed in kg, not g units) into
these fundamental units.  We have two such: R, in J mol–1 K–1 units, and η, in Pa
s units.  The J unit for energy is defined as

1 J = 1 
kg m2

s2

and Pa, for pressure, is a force per unit area, for which we recall that force is mass
(kg) times acceleration (m s–2).  The basic unit of force is the newton, N, so that
we have

1 Pa = 1 N
m2

 = 1 
kg m

s2 m2
 = 1 

kg

s2 m



Next, we substitute these fundamental unit combinations into each possible
equation to see which of the four yields m2 s–1 units when simplified:

(a)     
R Tη

6πrNA
  ⇒  

kg m2

s2
 mol–1 K–1  K  

kg m

s2 m2
 s

m  mol–1
 = 

kg2

s3

(b)     
rηNA

6πRT
  ⇒  

m  
kg m

s2 m2
 s  mol–1  

kg m2

s2
 mol–1 K–1  K

 = s
m2

(c)     R T
6πrηNA

  ⇒  

kg m2

s2
 mol–1 K–1  K

m  
kg m

s2 m2
 s  mol–1

 = m
2

s

(d)     NAT
6πrηR

  ⇒  
mol–1  K

m  
kg m

s2 m2
 s  

kg m2

s2
 mol–1 K–1

 = K2 s3

kg2 m2

We see that only equation (c) expresses the correct units.  It is indeed the Einstein-
Stokes equation.  Make sure you can obtain the final units combinations shown
here for each of these options.  This is an important skill to master!  Unit reduction
can often be used to either check that you are using the correct equation or to lead
you to the correct equation via a dimensional argument such as this one.  In this
case, the Einstein-Stokes equation itself is not the focus of this problem.  In fact,
you may never see it again, and you should feel free to forget about it now!

8. As you work your way through Chem 5 and 6, and on to more advanced chemistry
or other science courses, you will learn the rules of chemical nomenclature: the
rules for naming a compound given its detailed molecular formula (which can often
be quite complex!) and the inverse process of writing a molecular formula from the
molecule’s name.  The six compounds we have here are quite simple, but they
illustrate a few general rules that you will encounter again and again.

First, we have NaCl, which is perhaps familiar to you as ordinary table salt.  It
contains an atom of sodium, Na, for every atom of chlorine, Cl.  Its name is thus
sodium chloride, but not “sodium chlorine.”  The change from the element name,
chlorine, to the word “chloride” used in the compound name reflects something
about the way these two elements bond in forming the compound.  You’ll learn
more about the reason for this type of nomenclature rule.

Next comes N2.  You might recognize N as the symbol for the element nitrogen,
and most often, this molecule is also called simply nitrogen.  This is the gas that
makes up about 80% of the air you are breathing right now.  But if we are going to
call N2 “nitrogen,” how should we describe a reaction or other situation where we
need to consider a bare N atom?  We can usually tell from the context which species
we have under discussion, N or N2, but if we need to be precise, we can call N2



dinitrogen.  The prefix “di-” indicates two of the thing it precedes, and a series of
such prefixes can be used for more complicated situations, such as “tri-” for three,
“tetra-” for four, “penta-” for five, “hexa-” for six, and so on.

The SO2 molecule contains sulfur, S, and oxygen, O.  It is a gas under ordinary
conditions, and volcanic eruptions are a common source of it in our atmosphere
where it is a major pollutant.  It has the simple name sulfur dioxide, using the “di-”
prefix we encountered discussing N2 above.

If CO2 is carbon dioxide, then carbon monoxide must be simply CO.  The “mono-”
prefix stands for “one” in the same way “di-” stands for “two.”

Ozone is probably familiar to you from its role in the Earth’s atmosphere as a
“screen” that protects us from harmful ultraviolet light from the Sun.  It is the
molecule O3.  If O is simply atomic oxygen, and, like N2, we also call O2
“oxygen,” then why don’t we call O2 “dioxygen” and O3 “trioxygen?”  The answer
is that we certainly could, and in some cases it makes good sense to do so (at least
for O2).  But the name “ozone” is one of the many “non-systematic” compound
names that chemists use and have learned by memorization.  Such names are also
called “trivial names,” and in the case of ozone, its name is derived from the Greek
word for “smell,” which acknowledges ozone’s distinctive odor.  You have
probably smelled ozone without knowing it after a storm that featured many
lightening strikes.  Electric discharges in oxygen produce ozone, both naturally and
industrially.

There are many, many acids, and some of the characteristic chemistry of acids will
be discussed in Chem 5 in depth.  Hydrochloric acid is another “trivial” name in
that it specifies the molecule’s hydrogen atom in two ways: by the “hydro-” prefix
and by the “acid” part of its name.  It is the simple molecule HCl, which could be
given the more systematic name hydrogen chloride, somewhat in parallel with the
name sodium chloride we encountered earlier.  Usually, the name “hydrogen
chloride” is used for pure HCl gas, while “hydrochloric acid” will refer to a
solution of HCl gas in water (in which the gas is very soluble).  As we will see in
the course, even though HCl is very soluble in water, once it dissolves, it falls apart
into chloride anions (which are negatively charged ions: Cl–), and the hydrogen
ion, H+ (which actually sticks to water, forming the so-called hydronium ion,
H3O+).

9. (a)  When confronted with a “saturated solution” of some solid, you should picture
the solvent (often water—and the notation “(aq)” stands for “aqueous” meaning “a
water solution phase”) and the undissolved solid solute.  The word “saturated”
means that the solid has dissolved to as great an extent as possible, and any excess
solid solute rests in a pile at the bottom of the solution container.  Once a solution is
saturated, as we will see, the concentration of the solute no longer increases, and
any additional solute added to the solution fails to dissolve.  Thus, while we can
(and will learn how to) know the solution concentrations, the amount of
undissolved solute is arbitrary once we reach the saturation limit.  It could be a huge
pile or a small speck!  We can draw a picture like this for our silver chloride case:



Pile of
undissolved
solid silver
chloride, AgCl

Water solution
containing silver
ions, Ag+, and
chloride ions, Cl–

(b)  Here’s another case where the word saturation comes into play.  Suppose we
have a very large evacuated container, and we add to it only a small drop of hexane.
It is reasonable to imagine that all  the hexane evaporates in this case, and the
container is filled with hexane vapor.  On the other hand, as we add more and more
liquid hexane to the container, at some point the liquid will stop evaporating
because the vapor phase has been saturated with gaseous hexane.  Liquids establish
a saturation vapor pressure that varies from liquid to liquid (and with temperature).
Thus, our two possible pictures are these:

Gaseous
hexane

Liquid
hexane

Container
saturated

Container not
saturated

Gas pressure
below the

liquid's vapor
pressure

Gas pressure
at the

liquid's vapor
pressure

10. Here, we start by turning the words that describe the reaction into chemical
formulas with unknown stoichiometric coefficients—the numbers that precede
formulas in net reactions and that make the number of reactant atoms of any element
in the reaction equal to the number of product elements.  In other words, we need to
fill in the boxes in the reaction below so that the number of Si atoms on the right
equals the number on the left and likewise for the Cl, N, and H atoms.



  SiCl4(g) +   NH3(g) →   Si3N4(s) +   HCl(g)

In simple reactions such as this one, it is often useful to start with the molecule with
the greatest complexity (largest number of elements and/or atoms), which is Si3N4
here, and assign it a stoichiometric coefficient of 1.  Once we do that, we see that
the three Si atoms in our one molecule of Si3N4 require three molecules of SiCl4,
and the four N atoms in Si3N4 require four ammonia molecules.  With these
choices, we have introduced a total of 3 × 4 = 12 Cl atoms as well as 4 × 3 = 12 H
atoms.  That tell us that we will produce 12 HCl molecules per 1 Si3N4, and our
balanced net reaction is thus

3  SiCl4(g) + 4  NH3(g) → 1  Si3N4(s) + 12  HCl(g)

Normally, the “1” stoichiometric coefficient wouldn’t be written, but note that we
could write this reaction in an infinite number  of other ways!  We could multiply or
divide each coefficient by any constant, and we would still have a balanced net
reaction.  Fractional stoichiometric coefficients are fine, as in

3
2

 SiCl4(g) + 2  NH3(g) → 1
2

 Si3N4(s) + 6  HCl(g)

were we to divide our original coefficients each by 2.  These coefficients do not
represent just a count of single molecules; they only need to represent the ratio of
molecules, one to the others.  Note as well that we took the time to indicate the
physical phase of each reactant and product: (g) for gas and (s) for solid.  The other
two common phase symbols in frequent use are (l) for pure liquid and (aq) for a
species in a water—aqueous—solution.


