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All science requires mathematics. The
knowledge of mathematical things is almost
innate in us. . . [Mathematics] is the easiest of
sciences, a fact which is obvious in that no
one's brain rejects it...

Roger Bacon (c. 1214-c. 1294)

Stand firm in your refusal to remain conscious
during algebra. In real life, | assure you, there
IS no such thing as algebra.

Fran Lebowitz (b. 1951)



General “Unit

Procedure and

* Let's convert 0.00003617 kg to milligrams
(mg).

* Be patient...take small steps.

« Step 1: Identify the unit or units you want, and

set that equal to the unit or units you are given.
(See Appendix A for a list of units and their

abbreviations.)

Desired unit

/

> mg = 0.00003617 kg

/

Given value



General Proe

and Terminolog

« Step 2: Multiply the expression to the right of the
equals sign by one or more conversion factors that
cancel the unwanted units and generate the
desired unit.

— Units can be cancelled like algebraic variables.

— Set up the skeleton of the next conversion with the first
unit you want to cancel in correct position.

Skeleton to cancel the first unit

/

> mg = 0.00003617 kg(
kg



General Proge

and Terminolo

« Step 2 (cont.):
— Ask yourself, “Do | know a conversion factor that

will take me directly from the unit | have to the
unit | want?”.

— In this case, “Do | know how many mg there are
per kg?”.

— If the answer is no, ask yourself, “What type of
unit do | have, and what type of unit do | want?”.

— In this case, we are converting from one Sl
mass unit to another S| mass unit.

— Apply strategies you have learned for different
types of conversions.



General Proe

and Terminolog

« Step 2 (cont.):
— When converting from one Sl unit to another Sl unit for
the same type of measurement (such as both mass),
convert from the unit you have to the base unit and the

from the base unit to the unit you want. See Table 1.1 on
page 11 of the text.

Skeleton to convert from the unit
you have to the base unit unit

\

> mg = 0.00003617kg( %)( mg)
kg g

Skeleton to convert from the base unit
to the unit you want




Metric-Metrigy g
Conversion Fa e '

The relationships between metric (Sl) units can be
derived from the metric prefixes. (See Table 1.2
for a useful list of metric prefixes.)
These relationships can easily be translated into
conversion factors.
 For example, two possible sets of
conversion factors for relating milliliters to
liters can be obtained from the definition of
the prefix milli.
 Milliis defined as 103, so 1 mL =103 L.
« |f a milliliter is 1/1000 of a liter, there must be
1000 milliliters in a liter, so 103 mL =1 L.



Metric-Metrig >
Conversion Fae &

* The relationship between milliliters and
liters yields two possible sets of conversion

factors.
3
103 mL = 1L leads to 10° mL or 1L
1L 103 mL
-3
I mL = 1073 L leads to I mL or 10 L-
1073 L 1 mL

https://preparatorychemistry.com/conversion factors Canvas.html
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General Proe

and Terminolog

« Step 2 (cont.):
— Set up your conversion factors to cancel the units that
you do not want and generate the units that you do want.

— Because the k in kg represents kilo, and because kilo is
defined as 103, there must be 103 g per kg.

Converts given SI unit to SI base unit

/

103g

>’ mg = 0.00003617 kg ™




General Proe

and Terminolog

« Step 2 (cont.):.
— Our next step is to set up the skeleton for the conversion
of grams to milligrams.

3
> mg = 0.00003617kg( 10 %)( )
&

Skeleton to convert SI base unit
to desired SI unit



General Proe

and Terminolog

« Step 2 (cont.):.
— We can use either of the following conversion factors.
1 mg 10° mg

or
107 ¢ lg

— | recommend using the positive exponentials, so |
recommend the second conversion factor.

— The positive exponent goes with the smaller unit.

3 3
>mg = 0.00003617 ke| 0 & || 107 Mg
1 ke 1 g

Converts SI base unit to desired SI unit




General Proe

and Terminolog

« Step 3: Check to be sure you used correct
conversion factors and that your units cancel to
yield the desired unit.

3 3
> mg = 0.00003617kg( 107 )( 10 mg)

1 kg lg



General Proe

and Terminolog

« Step 4: Do the calculation, rounding your
answer to the correct number of significant
figures and combining it with the correct unit.
(See Section 2.2 for the rules for rounding.)

Converts given SI unit to metric base unit

De?ed unit /
3 3
> mg = 0.00003617 kg| 08 |[ 197M8 | _ 3617 mg
/ Lkg

Given value
Converts SI base unit to desired metric unit



General “Unit |
Procedure and ogy -

« Let's convert 254 meters (m) to feet (ft).

« Step 1: Identify the unit or units you want, and
set that equal to the unit or units you are given.

Desired unit

/

°ft = 25487

/

Given value



General Proe

and Terminolog

Set up the skeleton of the next conversion with the first unit
you want to cancel in the correct position.

°ft = 254

- m-

« Ask yourself, “Do | know a conversion factor that will take me
directly from the unit | have to the unit | want?”. In this case,
“Do | know how many feet there are per meter?”.

» If the answer is no, ask yourself, “What type of unit do | have,
and what type of unit do | want?”.

* In this case, we are converting from an Sl length unit to an
English length unit.

* Apply strategies you have learned for different types of
conversions.



English-Metri

Conversion ‘ |
Factors -
Table 2.1
Type of Probably Others Useful to Know
Measurement | Most Useful
to Know
Length 2.54cm [1.609km 39.37in. 1.094 yd
1in. Tmi 1m 1m
Mass 453.69 2.2051b
11b 1kg
Volume 3.785L 1.057 gt
1gal 1L




General Proe

and Terminolog

« Step 2 (cont.):
— We will use 2.54 cm/1 in., which is exact.

— We can view our problem as three steps: m to cm, cm to
in., and in. to ft.

— We can think of the steps one at a time.

?ft = 254.m

l-m

102
> ft = 254.m o

1 m



General Proe

and Terminolog

« Step 2 (cont.):.

— Now we can do the core conversion from centimeters to

inches.
1 2
254 v 0 cm
1 - m- chr

2 .
254 10 cm l in.
lm |12.54 cmr

? ft

? ft




General Proe

and Terminolog

« Step 2 (cont.):.

— The last conversion is from inches to feet.

2 .
s fe = 254 | A0 C || 1
1 m 2.54 cor in;

2 .
' f < 254 107 comx 1 in: 1 ft
lm [\2.54 co|| 12 in:




General Proe

and Terminolog

« Step 3: Check to be sure you used correct

conversion factors and that your units cancel to
yield the desired unit.

102 ] in- 1 f
?ft = 254 m 07 co M ‘
l-m- 2.54 cor/| 12 in:

« Step 4: Do the calculation, rounding your
answer to the correct number of significant
figures and combining it with the correct unit.

102 cm 1 in- 1 f
?&_254m( 0 )( )( t )=833&
1 m 2.54 cmr |\ 12 in:
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Reporting Val e
Measurements® Er

 The numbers in a values should reflect both the
magnitude (size) of the value and the value’s
uncertainty. (e.g. 185 Ib)

 Measurements never give exact values. (185=*2 Ib)

* Unless we are told otherwise, we assume that
values from measurements have an uncertainty of
plus or minus one in the last decimal place
reported. (e.g. 184-186 Ib)

— 5 gsays could be from4gto6g
— 5.00gsays4.99gto5.01¢g
— 5.000 g says 4.999 gto 5.001 g



Reporting Va

from Calculatio

 [f a calculation is performed using all exact numbers
and if the answer is not rounded off, the answer is
exact, but this is a rare occurrence.

« The answers derived from calculations are usually not
exact.

 As we do for measurements, unless we are told
otherwise, we assume that values from calculations
have an uncertainty of plus or minus one in the last
decimal place reported.

« The main purpose of this lesson is to show you a
simple way to round off the answers to your
calculations in a way that reflects the proper degree of
uncertainty.



Reporting Va -
Calculations ( -

— e A  —
— ——

For example, Consider the following calculation that
converts 4.9800 g to Ib.

[ 11b

2lb = 4.9800 g 364 = 0.01098 Ib (or 1.098 x 102 Ib)

/

4.98 divided by 453.6 is 0.01097883597884, which
suggests an uncertainty of 0.00000000000001 Ib.

The value 453.6 g suggests an uncertainty of 0.1 g,
which is about 0.0002 Ib, so we do not want to
report our answer as 0.01097883597884 Ib, which
suggests an uncertainty of 0.00000000000001 Ib.

We need a simple technique for rounding our
answers to calculations to reflect the uncertainty of
the numbers used in the calculations.



Rounding Answ

from Multiplica
and Division Step =

« Step 1: Determine whether each value is exact,
and ignore exact values.

— Exact values
e Numbers that come from definitions are exact.
e Numbers derived from counting are exact.

— Do Step 2 for values that are not exact.

e Values that come from measurements are never
exact. (e.g. 4.9800 g)

e \We will assume that values derived from
calculations are not exact unless otherwise
indicated.



Exact Values

Numbers that come from definitions are exact.
e Numbers derived from the definitions of the metric prefixes are

exact, such as
103 g
1 kg

Numbers in English-English conversion factors with the same type
of unit top and bottom are exact, such as

12 in.
1 ft

The 2.54 in the following conversion factor is exact

2.54 cm
1 in.

5 toes

Numbers derived from counting are exact.
1 foot



Rounding Answe
Multiplication™

(Numbers that are NOte’ ict

* Do Step 2 for values that are not exact.

e Values that come from measurements are never
exact.

e \We will assume that values derived from calculations
are not exact unless otherwise indicated.

e Except for 2.54 cm/1 in. (in which the 2.54 is defined
and exact), we will assume that all of the English-
metric conversion factors that we see have numbers
that were calculated and rounded. For example, the
453.6 in the following conversion factor is not exact.

453.6 g
11b




Rounding Answe
Multiplication™

Example

« The following shows how we can convert the mass of a

hydrogen atom from micrograrr;s to poung§.
[ 1g [ 1b )
’Ib = 1.67x10718 pg | | |
||'\ 106}'lg/'| |I'\ 453.6g /"’
« Step 1: Determine whether each value is exact, and ignore
exact values.

— The mass of a hydrogen atom is not defined, and masses
cannot be counted, so the 1.67 x 1018 is not exact.

— The 108 number comes from the definition of micro, so it is
exact. We will ignore this number when rounding.

— Except for 2.54 cm per inch, all of the English-metric
conversion factors that we will see are calculated and
rounded, so the 453.6 is not exact.



Rounding Answ

from Multiplica
and Division Step 2

i ———

« Step 2: Determine the number of significant
figures in each value that is not exact.

e All non-zero digits are significant.

1 3 5
11.275 g
2 4

Five significant figures

e Zeros between nonzero digits are significant.

A zero between nonzero digits

Five significant figures

1| 35
10.275 g
2 4



Rounding Answ e,

Multiplication"a
(cont.)

« Step 2: Determine the number of significant
figures in each value that is not exact.

e Zeros to the left of nonzero digits are not
significant.

Not significant figures

1 3
0. 000102 kg which can be described as 1 02 x 1074 kg

"\

Both have three significant figures.



Rounding Answ

Multiplication
(cont.)

« Step 2: Determine the number of significant
figures in each value that is not exact.

e Zeros to the right of nonzero digits in
numbers that include decimal points are
significant.

1 3 5 1 3
Five significant figures —10.200 g =~ 20.0 mL —Three significant figures

2 4\\\ 2

Unnecessary for reporting size of value,

but do reflect degree of uncertainty.



Rounding Answ

Multiplication"a

e Zeros to the right of nonzero digits in numbers
without decimal points are ambiguous for significant
figures.

o /Prec1se to +1 kg or £10 kg?

220 kg Two or three significant figures?
2\

Important for reporting size of value, but unclear
about degree of uncertainty

1
2.2x10%k
2 g\

Use scientific notation to remove ambiguity.

1 3 /
2.20 x 10% kg
2



Rounding Answ

Multiplication
Example

* The following shows how we can convert the mass
of a hydrogen atom from mlcrograms to pounds.

A\ \

| [ lg " l' 1lb |

« Step 2: Determine the number of significant figures
In each value that is not exact.

— For 1.67 X 10-8, the uncertainty is reflected by the 1.67,
which has three nonzero digits and thus three significant
figures.

— The 453.6 has four nonzero digits and thus four significant
figures.



Rounding Answ

from Multiplica
and Division Step ¢

« Step 3: When multiplying and dividing, round your
answer off to the same number of significant figures
as the value used with the fewest significant figures.

e |f the digit to the right of the final digit you want to
retain is less than 5, round down (the last digit

remains the same).

26.221 rounded to three significant figures is 26.2

|
First digit dropped is less than 5



Rounding Answ

Multiplication
(cont.)

« Step 3: When multiplying and dividing, round your answer off to
the same number of significant figures as the value used with
the fewest significant figures.

e [f the digit to the right of the final digit you want to retain is 5
or greater, round up (the last significant digit increases by 1).

26.272 rounded to three significant figures is 26.3

|
First digit dropped is greater than 5.

26.2529 rounded to three significant figures is 26.3

|
First digit dropped is equal to 5.

26.15 rounded to three significant figures is 26.2

|
First digit dropped is equal to 5.



Multiplication'
Example

* The following shows how we can convert the mass
of a hydrogen atom from micrograms to pounds.

[ 1g |/ 1b

« Step 3: When multiplying and dividing, round your
answer off to the same number of significant figures
as the value used with the fewest significant figures.

— 1.67 X 10-18 has three significant figures.
— 453.6 has four significant figures.
— Our answer should have three significant figures.



Rounding Answ

Multiplication
Example

« Step 3: When multiplying and dividing, round your
answer off to the same number of significant figures
as the value used with the fewest significant figures.

— The calculated result is 3.681657848325 x 1027,

— We round to three significant figures, and because the first
number we are dropping is less than 5 (i.e. 1 in this case),
we round our answer to 3.68 X 10-%7,

[ 1g [ 1lb )
2b = 1.67 x 1018 pg | — 3.68x 10~ Ib

||
106,}1 g /"l ||.\ 4536g /,."

|
|l
\



Example 2.4: The man_égdy € =
contains 5.2L0 hi
volume in quarts?

« We input the following into the calculator:
9.2 — 3.785 X 4 =

« The answer on the display of the calculator is
5.49537649. We do not write this down until we decide on
the number of significant figures in our answer.

« 5.2 has 2 sig. figs., 3.785 has 4 sig. figs., and 4 is exact,
so we round our answer to 2 significant figures.

* The first digit we are dropping is 9, so we round up to 5.5.



Example 2.5: Ho

. .
take anant wal S 10 travel ~ & ¢
6.0 feet across a pich .. @

2 significant ﬁgures/Exait 1 significant figure

60 ‘r 12 in. ’ ) 2.54 cm ’ | lm |/ 1ls | : 1 min ‘ — 3 min

C1fe /i lin. /1 10%°cm /10.0lm/| 60s |
/ / AN
Exact 1 significant figure = Exact

« We input the following into the calculator:
6 X 12 X 254 =- 100 —- .01 —- 60 =
« The answer on the display of the calculator is 3.048.

« 6.0 has 2 sig. figs., 0.01 has 1 sig. fig., and 12, 2.54, 102,
and 60 are exact, and so we round our answer to 1
significant figure.

* The first digit we are dropping is 0, so we round down to 3.



.

Rounding Answ .
from Addition%. -
Subtraction — -

« Step 1: Determine whether each value is
exact, and ignore exact values.

— Skip exact values.
— Do Step 2 for values that are not exact.

« Step 2: Determine the number of decimal
positions for each value that is not exact.

« Step 3: Round your answer to the same
number of decimal positions as the inexact
value with the fewest decimal places.



Example 2.6

« A laboratory procedure calls for you to determine the mass of
an unknown liquid. Let's suppose that you weigh a 100-mL
beaker on a new electronic balance and record its mass as
52.3812 g. You then add 10 mL of the unknown liquid to the
beaker and discover that the electronic balance has stopped
working. You find a 30-year-old balance in a cupboard, use it
to weigh the beaker of liquid, and record that mass as
60.2 g. What is the mass of the unknown liquid?

60.2 g beaker with liquid — 52.3812 g beaker = 7.8188 g liquid



60.2 g beaker with liquid — 52.3812 g beaker = 7.8188 g liquid

« 60.2 is uncertain in the tenth position (£0.1).

« 52.3812 is uncertain in the fourth decimal position
(£0.0001).

« We round our answer off to the tenth position (7.8 g)

60.2 g beaker with liquid — 52.3812 g beaker = 7.8 g liquid



Density

.

—
BT —

 Mass density is mass divided by
volume. It is usually just called
density.

, mass
density =

volume

* Density usually has the units of g/mL
for solids and liquids and g/L for
gases.



Uses for

Density

* |tis possible to identify an unknown

substance by comparing its density at a
particular temperature to the densities of

known substances at that temperature.
(See Table 2.2 for a list of densities.)

* Density can be used as a unit analysis
conversion factor that converts mass to
volume or volume to mass.



.,

kg water at 20 °CH ¥ or. @ ‘

e ¢
Example 2.7; | me of 26.00

« Don’t forget to take small steps.
— Set the unit you want to get equal to the value you are given.

> L H,O = 25.00 kg H,0

— Set up the skeleton of the first conversion factor.

> L H,O = 25.00 kg H,O ( )
kg

« Ask yourself whether you know a conversion factor that will take
you directly from the unit that you have to the unit you want. (In
this case, let’'s assume that the answer is no.)



.,

-
Example 2.8: | ume of 26.00
‘ Y 4
kg water at 20°° o or. @

e

——
e
— - — — —

 If you can’t see how to make your conversion in
one step, ask yourself what type of unit you're
converting from and what type of unit are you
converting to.

 In this case, we are converting from mass into
volume, which is our tip-off that we need the
density, which you are likely to get from a table of
densities.

« The density of water at 20 °C is 0.9982 g/mL.



.,

. ¢
Example 2.8: | me of 26.00
: Y . : ‘
kg water at 20 °CH a or. @

« Like any other conversion factor, density can be
used in two forms. The first form below can be
used to convert from volume in mL to mass in g,
and the second form can be used to convert mass
In g to volume in mL. We will use the second

form.
0.9982 ¢ H,0 1 mL

or

1 mL 0.9982 g H,O




.,

. ¢
Example 2.8: | me of 26.00
: Y . : ‘
kg water at 20 °CH a or. @

« Before we can convert from g to mL, we need to
convert from kg to g.

« After converting to mL with the density, we convert
from mL to L.

* QOur plan is to use three conversion factors to make
the following conversions.

kg—>g—>mL—>L

?LI—IzO:25.OOJ;gJ:L29( Ji;)(o;::;:zo )( ;k)




.,

Sulli. ¢
Example 2.8: \Ahaiu me ©f 26.00 p
kg water at 20 °C#% s @

Let’'s go back to the beginning of our setup.

> L H,O = 25.00 kg H,0 ( )
kg

* We get the conversion factor that will take us from kg to g from
the definition of kilo, which is 103.

, 103 g
> L H,O = 25.00 ke H,O ke

Next, we set up the skeleton of the next conversion factor.

Lito - ke 108

gy



.,

. ¢
Example 2.8: \Ahaiu me ©f 26.00

é

kg water at 20 °CH . or. @

« Our core conversion is to convert g to mL using the density.

3
1150 = so0kg o [ )L IO
: &

 We now set up the skeleton for the next conversion.

3 1.mE H,O
> L H,O = 25.001{«3“29( 11015)(09982%;76)( -k )

« We get the conversion factor that will take us from mL to L from
the definition of milli, which is 10-3.

B 10° g 1 .mE H,0 1L
Lo - om0 [ 12T (L)




.,

-
Example 2.8: | ume of 26.00

‘ Y 4
kg water at 20°° o or. @

e

—

—
T —— ———

B 10° g 1 .mE H,0 1L
T1 0O = 25,00k Ha ( 1 ke )(0.9982%»1476)(10344&/)

= 25.05L H,O

« Check to be sure that you have used conversion
factors for which you have high confidence that they
are correct.

« Check to be sure that your units cancel.

» Use the calculator to complete the calculation
(25.0450811).

* Report your answer to the correct significant figures.
* Be sure to add the correct unit to your answer.



Example 2.9: An empty 2-L graduated cyllnder is found 0 have !mass‘
of 1124.2 g. Liquid meth @ the Tylinder, and its
volume measured as 1.2 f the niethanol and the .

cylinder is 2073.9 g, and the ‘methanol is 20 0(3.,
is the density of methanol at this temperaturé?ss= = & ;

e

* One of the most useful initial strategies for working word
problems is to write down the values that you are given,
separating them from the words.

« Sometimes you can just write down the number and unit. For
example,

~ 11242 g
~1.20L

— 2073.9¢g

» If the values refer to more than one thing, it's best to identify
what your values refer to. For our example,

— 1124.2 g grad cyl
— 1.20 L CH;0OH
— 2073.9 g grad cyl/CH;0OH



Example 2.9: An empty 2-L graduated cylinder is found f© have &massg
of 1124.2 g. Liquid meth to the Tylinder, and its
volume measured as 1.2 f the methanol and the

cylinder is 2073.9 g, and the e methanol is 20 0(3. ,W”a.t
s the density of methanol at this temperature?s = _&

——
- —
——— — ——

Unless you are told otherwise, describe the density of solids
and liquids with units of g/mL. When starting your unit
analysis setup, be sure that it's clear that g is on the top and
mL is on the bottom.

’g
mL

Because we want our answer to contain a ratio of two units,
we start the right side of our setup with a ratio of two units.
Our next little step is to put a line on the right side of the
equals sign.

g
mL

= not ? g/mL =




Example 2.9: An empty 2-L graduated cylinder is found f© have &massg

of 1124.2 g. Liquid meth to the Cylinder, and its
volume measured as 1.2 of the methanol and the .

cylinder is 2073.9 g, and the methanol is 20 (;
is the density of methanol at this tempera ure: ,

 Because we want mass on the top when we are done and
volume on the bottom, we put our mass unit on the top and our
volume unit on the bottom.

 The mass of the methanol is found by subtracting the mass of
the cylinder from the total mass of the cylinder and the

methanol.

’g (20739 - 1124.2) ¢
mL 1.20 L




Example 2.9: An empty 2-L graduated cylinder is found f© have &massg
of 1124.2 g. Liquid meth to the Cylinder, and its
volume measured as 1.2 of the nethanol and the

cylinder is 2073.9 g, and the methanol is 20 (;
is the density of methanol at this tempera ure:

We now have units of g/L instead of g/mL, so we have to convert
L to mL.

Because we want to cancel L, and because it is on the bottom of
the first ratio, the skeleton of the next conversion factor has the L
on top.

’g (20739 - 1124.2)g( E )

mL 1.20-E

The m in mL represents milli, which is 10-3, so there must be 103
mL per L.

g (2073.9 — 1124.2) ¢ ( 1k )

mL 1.20F 103 mL



Example 2.9: An empty 2-L graduated cylinder is found {0 have !gnass‘
of 1124.2 g. Liquid meth to the Cylinder, and its
volume measured as 1. ' methanol and the

cylinder is 2073.9 g, and the

Is the density of methanol at this tempe

Because the order of operations calls for multiplication and
division to be done before addition and subtraction, it's a
good habit to always put the numbers for additions and
subtractions in parentheses when doing the calculations
on your computer or calculator. One way to do this
calculation is below. (Different calculators and computers
call for inputting scientific notation for numbers in different
ways, but in this case, we can use 1000 for 103.)

(2073.9 — 1124.2) + 1.2 = 1000 =

The computer shows the answer as
0.79141666666666666666666666666667, but we need to
round this to the correct significant figures.



Example 2.9: An empty 2-L graduated cylinder is found f© have &massg
of 1124.2 g. Liquid meth to the Cylinder, and its
volume measured as 1.2 of the nethanol and the

cylinder is 2073.9 g, and the methanol is 20 (;
is the density of methanol at this tempera ure:

- ~

 Because 2073.9 and 1124.2 are both reported to the tenth
decimal position, we round the subtraction to the first decimal
position (949.7).

« The 1.20 has three significant figures and 103 is exact, so we
round our answer (0.79141666666666666666666666666667 ) to

three significant figures.

g (20739 - 1124.2) g ( 1

= = 0.791 g/mL
mL 1.20-E 10° mL



Conversion Fac

Percentages
Calculations

* Percentage by mass is a value that tells us the
number of mass units of the part for each 100 mass
units of the whole.

* For example, our bodies contain about 8.0% by mass
of blood. The part is blood, and the whole is body.

* The 8.0% by mass of blood tells us that that for every

100 kilograms of body, there are 8.0 kilograms of
blood, or for every 100 pounds of body, there are 8.0

pounds of blood.

* In chemistry, it is common to assume that any
percentage is a percentage by mass unless you are
specifically told otherwise.



.-

Conversion Fac -

Percentages tage -
Calculations e

* For the conversion factors derived from
percentages, we can use any mass units we want
in the ratio as long as the units are the same for

the part and for the whole.
« 8.0% by mass of blood in our bodies leads to the
following:

8.0 kg blood 8.0 g blood 8.0 Ib blood
100 kgbody °  100gbody 100 Ib body

or ...



Conversion & W
Percentage by

_ e —

——
——
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« Percentage by volume is a value that tells us the
number of volume units of the part for each 100
volume units of the whole.

« Thus, when we are told that 3.2% by volume of our
blood goes to our brain, this means that for every
100 liters of blood total, 3.2 liters of blood goes to
the brain and that for every 100 milliliters of blood
total, 3.2 milliliters of blood goes to the brain.



Conversion& e
Percentage by -

* For the conversion factors derived from
percentages by volume, we can use any volume
units we want in the ratio as long as the units are
the same for the part and for the whole.

e 3.2% blood to our brain leads to

3.2 L blood to brain 3.2 mL blood to brain
r
100 L blood total © 100 mL blood tortal of
3.2 qt blood to brain
or

100 qt blood total



Conversion Fac

Percentages
Calculations

* Mass percentages and volume percentage
can be used as unit analysis conversion
factors to convert between units of the part
and units of the whole.

X (any mass unit) part

For X% by mass

100 (same mass unit) whole

X (any volume unit) part

For X% by volume

100 (same volume unit) whole



Example 2.11: Yourb | t 8.0%

: 3

blood. If you weig What isthe €
P flbe

mass of your blood™

* It's a good strategy to write down the values you are
given, separating them from the words. We are given
two things, 8.0% blood and 145 Ib.

— It's important to recognize that the percentage provides a
ratio of two units. Because both kg and /b are mentioned in
the problem, we could use either of the following conversion

factors.
8.0 Ib blood 8.0 kg blood
100 Ibbody 100 kg body

— Because we see from the ratios above that two different
things are mentioned, blood and body, it is important to
identify the 145 1b as 145 |Ib body.



Example 2.11: Your bodyai ut 8.0% . e ¢
blood. If you wei What isthe € 6

mass of your blood" 3 . &

« We want kg blood, which has a single unit, so we
set it equal to the value given with a single unit.
(Remember that the percentage hides a ratio of
two units.)

* Next, we write the skeleton of the first conversion
factor.

/ \\l
> kg blood = 145 | |
g blood 5 Ib body I\\ Ib body J

/




Example 2.11: Yourb
blood. If you wel

mass of your blood™

« We can either use the first conversion factor below
to convert from pounds of body to pounds of blood
or we can first convert pounds to kilograms and
then use the second conversion factor below to
convert to kilograms of blood. .

8.0 Ib blood 8.0 kg blood
or
100 Ib body 100 kg body
kg blood = 145 Ib body |~ bloed | [ 45368 [ kg | _ () 4o
? kg blood = 145 Ib bo y’ 100 b body ju b \l 103 .| .3 kg bloo

[ 453.6g \[ 1kg |/ 8.0kgblood |
? kg blood = 145 1b body | | i = 5.3 kg blood
Ib | 10°g || 100 kg body |




Steps for Calculaii e
Using Unit Ana :

« Step 1 State your question in an
expression that sets the unknown unit(s)
equal to one or more of the values given.

— To the left of the equals sign, show the unit(s)
you want in your answer.



Steps for Cal

Using Unit Ana

« Step 1 (cont.)

— To the right of the equals sign, start with an expression
composed of the given unit(s) that parallels in kind and
placement the units you want in your answer.

« If you want a single unit in your answer, start with a
value that has a single unit.

« If you want a ratio of two units in your answer, start with
a value that has a ratio of two units, or start with a ratio
of two values, each of which has one unit.

» Put each type of unit in the position you want it to have
in the answer.



Steps for Cal

Using Unit Ana

« Step 2 Multiply the expression to the right
of the equals sign by conversion factors
that cancel unwanted units and generate
the desired units.

— If you are not certain which conversion factor to
use, ask yourself, “What is the fundamental
conversion the problem requires, and what
conversion factor do | need to make that type
of conversion?” Figure 2.3 (atoms-first)
provides a guide to useful conversion factors.



C O n Ve rS i O n Metric unit
Types

English length unit
English mass unit

English volume unit

English unit
Mass

Mass of a part

Volume of a part

Conversion factors from
prefixes on Table 1.2

~
<
(same type of measurement)
2.54 cm
17, or conversion factors in Table 2.1 & 8.1
in. g
<
453.6
Tbg or conversion factors in Table 2.1 & 8.1
~
<
3.785L
o or conversion factors in Table 2.1 & 8.1
a
5 ~
<
Conversion factors in Table A.5 Appendix A
~
<
(same type of measurement)
Density as a conversion factor
~
<<

For X% by mass

X (any mass unit) part

100 (same mass unit) whole
~

For X% by volume

X (any volume unit) part

100 (same volume unit) whole
~

S

Another metric unit

Metric length unit

Metric mass unit

Metric volume unit

Another English unit

Volume

Mass of a whole

Volume of a whole



Steps for Cal | by <
Using Unit Ana |

——
e
- = —

« Step 3 Do a quick check to be sure you
used correct conversion factors and that
your units cancel to yield the desired
unit(s).

« Step 4 Do the calculation, rounding your
answer to the correct number of significant

figures and combining it with the correct
unit.



Example 2.1

micrograms to

First, we set the unit that we want equation to the value
given.

? kg = 4567.36 ng

Next, we set up the skeleton of the next conversion factor.

2 kg = 4567.36 ng-
HE-

When converting from one Sl unit to another, it is most
reliable to convert from the unit you have to the base unit
and then from the base unit to the unit you want.

g kg
He g

? kg = 4567.36 pg-



¢ -

Example 2.1 pa7ise~ © *
micrograms to'K . . _ ¢
0° pg-
( =
0° pg-
lg
v
( Lg
0° pg-

- 4.56736 x 10 % kg
103

> kg = 4567.36 pug-

?kg = 4567.36 pg-

2 kg = 4567.36 pg-

2 kg = 4567.36 ug-




Example 2.12i 56786 -
micrograms to'K - O

Converts given metric unit to metric base unit

I}sired unit /
lg 1 kg W
*kg = 4567.36 ug- = 4.56736 x 10~° kg
/ 106 pg- || 10°g

Given value
Converts metric base unit to desired metric unit



Example 2.13:

to kilometers.

? km =475 mi

?km:475n>r'r( . )

« We are converting from English length to Sl length, and 2.54

cm per inch is a good conversion factor to use for this
because it is exact.

* Our problem becomes a three-step problem.
mi — in. - cm — km

o7 [ 2
1 mt



Example 2,13 75 miiles
to kilometers. .




Example 2,13 75 miiles
to kilometers. " 1

S S o i

1 mt 1 £ 1in- 102 cmy

B (52804 \(12:n \(2.54 em [ 1
?km_475m( 1 mi )( 1&)( 1 in: )(102%)( m)

=i (2 e o )

lmi J\ 16 )\ lim )\ 10%cm /| 103 m




Example 2.1

to kilometers.

 When you do the calculation, the calculator shows 764.4384.

English-metric conversion factor

/
52804¢ \[ 12.in: || 2.54 car 1 mr 1 km
* km 475“““( l/m'r )( 1&)( 1 in )(1o2m)(103m) "

English—English unit conversions metric-metric unit conversions

* Memorizing other English-metric conversion factors will save
you time and effort. For example, if you know that 1.609 km =
1 mi, the problem becomes much easier.

( \
2km = 475 mi | OO0 KM 264 1,

\ mi J




Example 2.14:

liters of 64.567
°C"?

*L = 64.567 Ib

 Pound is a mass unit, and we want volume in liters. Density
provides a conversion factor that converts between mass
and volume. You can find the density of ethanol on a table
such as Table 2.2. It is 0.7893 g/mL at 20 °C.

* Our problem becomes a three-step problem.
b - g—mL—>L

* L = 64.5674b ( )
M

453.6 g )

* L = 64.5674b (
1



¢

°C?

° L

I
@)\
AN
)
@)\
J
=

1L
g | = 371
0.7893 g/ 10° mk



Conversion Factor
"Something p

Statements

Anything that can be read as “something per something”
can be used as a unit analysis conversion factor. For
example, if a car is moving at 55 miles per hour, we could
use the following conversion factor to convert from distance
traveled in miles to time in hours or time in hours to distance
traveled in miles.

| 55 mi |
. 1hr '

If you are building a fence, and plan to use four nails per
board, the following conversion factor allows you to
calculate the number of nails necessary to nail up 94 fence
boards.

4 . 3\
" 4 nails |

\ 1 fence board |



.-
Example 2.15: The label at food ,t‘ells,yoﬁ-
there are 0.94 Ib of With 0.15% calcium.

If there are three servin

« Itis a good strategy write down the values you are given in
the problem, and if things you are given can be written as
ratios, it's a good idea idea them as conversion factors.

* Note that two phrases in this question can be read as
“something per something” so they can be used as a unit
analysis conversion factors. The phrase “three servings per
can”’ leads to the first conversion factor below, and “0.94 Ib
of cat food per can” leads to the second.

* Assuming that 0.15% is a mass percent, we can build the
third conversion factor below.

3 serv. 0.94 1b food 0.151b Ca
100 1b food

1 can 1 can



s -

Example 2.15: The label.on f cat food télls _you-
there are 0.94 Ib of'€ Ith'0.415% calcium. é
If there are three servin W many grams of ¢

calcium are in each serving? =

? g Ca= One serv.

?gCa:OnererV(

?gCa:OnererV(

? g Ca= One-serv.

? g Ca= One-serv.

:
=
e
( i)(()% Ib food)



Example 2.15: The label.on cat food tells yoﬁo <

there are 0.94 Ib of Ith'0.415% calcium. é

If there are three servin many grams of ‘

can [ 0.94 lb-feed
> —
g Ca = Oneserv. sepv—)( — )( ; )
CaeO can |[ 0.94 lbfeod \[ 0.151b Ca
P ta=Onesery | 100 Ibfood
1 can \[ 0.94 lbfeod \[ 0.15HCa
3 sepv 100 Ibfood §log

? g Ca=One-serv.

3

0.1545°Ca 4536g 021 0 C
100 Ibfood - heteia

100 lb-feod

0.94 lbfeod

? g Ca= One-serv.

;
;
S )( )(
E s e
i)t



Example 2.16: When 2.3 of the,sigar € =
glucose are burn id), 37,230 kJ

of heat are evolved:
combustion of glucose in.J/C

 When the answer you want is a ratio of two units, make it
clear which unit you want on the top and which unit you
want on the bottom

2]

g glucose

* If you want two units, start your unit analysis setup with a
ratio of two units. Put the correct type of unit in the correct
position in the ratio. For this problem, we put the heat unit
on the top and the mass unit on the bottom. (Heat evolved is

described with a negative sign.)

S ~37,230 kJ

g glucose 2.3942 kg glucose




Example 2.16: When 2.3942 kg of thestigar €  «
glucose are buri .y 230 KJ e

of heat are evolved:

2]

g glucose

2]

g glucose

2]

g glucose

2]

g glucose

2]

g glucose

—37,230 kJ
2.3942 kg glucose f
-37,2304F [ 10°]
2.3942 kg glucose | 1.k
-37,230&F [ 10°] |[ kg
2.3942 ke-elucose | 1.kf
—37,230 kF 10°] [ 1ke
2.3942 ke-glucose | 1.kf 10° g
~37,230 10° 1
7,204 L8 _ s ss0urg
2.3942 ke glucose | 1.kf 10° g

¢



Celsius

Boiling water —

Temperature
Scales

100 units %

Freezing water -

Absolute zero

100 °C

Kelvin

100 units %

-273.15 °C

373.15K -

180 units<
273.15 K —
0K

Fahrenheit

212°F

32 °F

-459.67 °F



Temperature

Conversions

«  We will use the following equations to convert a temperature
reported in one of these systems to the equivalent

temperature in another.

1.8 OF \|‘ 32 OF
o +

1°C |

f/

? °F = number of °C \
? °C = (number of °F — 32 °F) }'( l 0(03 \|\
. 1.8°F |

? K = number of °C + 273.15

? °C = number of K — 273.15

* Note that the numbers 1.8, 32, and 273.15 in these
equations all come from definitions, so they are all exact.



Example 2.17: "Heavy” wate ins the he.a&y fornfof .
hydrogen called deuts OMSs each have one

proton, one neutron, an eavy water freezds

1'/ 1
2°C=(38.9 °F - 32°F) |

We use the equation for converting Fahrenheit temperatures
to Celsius:

2°C = (38.9 °F — 32°F)

;'f o \

1.8 °F |
\ J
Rounding off the answer can be tricky here. When you
subtract 32 from 38.9, you get 6.9. The 32 is exact, so it is
ignored when considering how to round off the answer. The
38.9 is precise to the first number after the decimal point, so
the answer to the subtraction is reported to the tenths place.
There are two significant figures in 6.9, so when we divide
by the exact value of 1.8 °F, we round our answer to two
significant figures.

1°C |
|_ o _ (o]
op | =69 13).180F } 3.8 °C



Example 2.18. 11

1-chloropropanés; oCl melts al* ¢ ¢
46.6 °C. What is this rature in.°F? *
7 - —

e - = e —

» We use the equation for converting Celsius temperatures to
Fahrenheit:
? °F = 46.6 °C 18°F '\l 32 °F
PEEAO e T



\I
o |
\

2 °F = 46.6 °C |

\

+ 32°F = 83.9°F + 32°F =115.9 °F

« Because the calculation involves multiplication and division
as well as addition, you need to apply two different rules for
rounding off your answer.

«  When you multiply 46.6, which has three significant figures,
by the exact value of 1.8 °F, your answer should have three
significant figures.

« The answer on the display of the calculator, 83.88, would
therefore be rounded off to 83.9.

* You then add the exact value of 32 °F and report the answer
to the tenths place.



Example 2.19:

Silver melts at'®
What is this temperattr

?7K=961°C +273.15=1234 K

* For rounding off our answer, we assumed that 961 °C came
from a measurement, so it is not exact. It is precise to the
unit position.

 On the other hand, 273.15 is exact, and has no effect on the
uncertainty of our answer.

» We therefore report the answer for our addition to the unit
position, rounding off 1234.15 to 1234.



Example 2.20:
Tin(ll) sulfide, SA

What is this temperattr

?7°C=1155K-273.15=882°C

Because 1155 is precise to the ones place, and 273.15 is
exact, we report the answer for our subtraction to the ones
place.



