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, hemistry is a quantitative science, Theoras are based on and supported by
- C measurements and calctations, Most chemistry experiments involve not
only meéasuring but also a search for the meaning of the measurements,
Chemistry students are required to learn how to interpret as well ag perform cal-
culations using these measurements, ‘ ) :
This part of the skills book provides a hrisf infroduction to understanding
the uses of numbers. As you continue your eduication, you will delve into these
topics In greater depth, For now, however, we will review topics you have proba-
bly already covered in previous science classes,”

Metric units were first introduiced In France more than 100 years ago, A modem. () &% 1. S b
ized form of the metric system was Internationally adopted 12 1860, The system i e
Is called “SL" which is an abbreviation of its French name, Le Systdme
International d'Unités, ST units are used by scientists in alf nations, including the
United States, This system has asmall number of hase units from Which all other
nigGessary units are derived, - : ' ' )
. - - P o o id B0 k X
Quantity | Unit Abbreviaion ] ( 07 _"% U !
7 . 7 . ’ { { ’; [} ‘% ..fﬁ
Mass _ - Kkilogram kg ‘Tﬁ» ‘@bﬂ" 3.1 ga:j‘
' Length : _ meter . - m

Time ‘ second N 5

Temperature L kelvin K

Amount of substance “mole 1 mol _ -

i - ' Ny y. trzt
Eiegtric clrrent ampere ’ A N /: don "71 need fv} moe;q,o jz .

Figure 1 Units of Measuresment

The limited number of units in Figure 1 is not sufficient for every type of
Measirement a chemist might need to make, For example, the ST unjt of length

is the meter (symbolized by m). Most doorways are about two meters high, -

However, many lengths We may wish to measure are efther much larger (distance
from the earth to the sun} or much smaller (width of a dime) than a meter. To

handle such measurements easity, common metric piéfixes are used to changa.

the size-of the 4nit, "The distance from the sartti fo the §un can be'expressed fn




W

;;{.

kﬂométers (km}, aﬂd the width of a dime can be expressed in terms of millime-
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ters (mim). Figure 2 lists the most usefu! metric prefives and their meanings,

Dhan'd aetd fo meporize fhfgﬁ L all 6ffess 4> Ao ]

Prefix | Abbreviation | Meaning Example

fnega- M 10¢ 1 megabyte == 1000 000 bytes
kilo- k 10 1 kilogram = 1000 grams
deci- d 1077 1 deciliter = 0.7 L

centi- c 1072 1 centimeter = 0.01 m

milli- m 1073 1 milliampere = 0.001 A
micro- i 107¢ 1 micrometer = 107 in

nano- n 1077 1 nanometer = 10" m

pico- p 10772 1 picometer = 107"

Figure2 Common Metric Prefixes

Quantities can be converted from one unit to another through the use of
equivalences from Figure 2 and a unit conversion factor,

Example 1: Convert 1458 g to kilograms,

Coaversion factor:

Equivalence; 1 kilogram = 1 X 10%g

From the equivalence we create a unit conversion factor, This is a frac-
tion in which the numerator is a quantity that is equal to the quantity of
the den ominator—except the nuriterator is expressed in different units, A
unit conversion factor is equal to one, |

1 kilogram or 1 X 10 gram
1 X 10% gram 1 kflogram

The conversion factor is chosen to cauge the original unit to cancel and
-the desired unit to remain, -

lkg

_MLﬂthI_Icatlon: 1456 g X TX10%% = 1456 kg .

More than one canversion factor can be used in a single problem.

BAUMple 2: Lonvert 325 mg to kilograms,

Equivalences: 1g=1X 10°mg

lkg=1x10%g

g g 1k
IX103mg 1X 10

. Conversion factors:

_A{}anagle, mﬂff’*{’%

[ ]xlogn

{ Kpn = /XW;‘!
"/ %10 = I
])(ioicm > [
/){12 mm* I
7312 g1m >
xotam: Im
/K/O];}W‘ /m
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ST . ) i1g lkg .
Multiplication: 325 mgX TX107mg X m X 325 X 104 kg

Converting. units in this manner i called dimensional analysis or factor
labeling. Dimensional analysis can pe used to solve man different types of
problems in chemistry. For further instruction on dimensional analysis, see the
text section,

Remember that all numpers In chemistry are an outcome of a measurement.
As a result numbers should have a measurement unit assotiated with them,
Always include units when you write numbers, '

Practice Problems

1. ‘Which metric unit and prefix-would be most convenient to measure
each of the following?
a. the diameter of 3 giant sequoia tree
b. the diameter of 2 human hair
C. time necessary to blink your eye
d. mass of gasoline in a galion
e. mass of a cold virug
- £ amount of aspirin in a tahlet
8§ -mass of concrete to pave g parking lot
2. What word prefixes are used in the metric system tg mdicate the follow-
ing multipliers? _ _
a 1Xx10% _ bo1x100 ¢ 0.01 d 1x1p-6
3. Anantacid tablet contains 168 mg of the active Ingredient ranitidine
hydrochloride, How nany grams of the compound are in the tabler?
4." There are 1609 km in | mile. Determine the number of centimeters iy

5. Apaperelipis 3.2 cm long, What is its length in millimeters?
6. State atleast ope advantage of ST units over the customary US wnits,

Frequently we wish to measure quantities that cannot he expressed using
one of the basic ST units, I thege situations two or more units are combined to

1000 cm® = 1 liter (1)

Density is the ratio of mass to volume (D = —];), 50 it is also a detived unit,

It is an important property for determining the identity of 3 sample of matter,
Again, two units are combined—a mass unit ang, avolume wiit; The density of

 solids and liquids fs usually expressed as g/cm? and the density of gases as /I,
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Practice Problems

1. The average person in the United States uses 340 I, of water daily.
Convert this to milliliters, :

2. A quartis approximately equal to 946 mL. How many liters are in
1 quart? . )

3. One hundred fifty milliliters of rubbing alcohol has 2 mass of 120 g
What is the density of rubbing alcohol?

4. Arubyhasamass 7.5 g and a volume of 1.9 cm® What Is the density of
this ruby? -

8. Whatis the density of isopropyl alcohol if 5.00 mL weigh 3.93 g?

DIMENSIONAL ANALYSIS (. ¢ /%

------------------------------------------ Pratrrtsbarne

Dzmenswnal analysis, also called the factor-label method is mdely used by
scientists to solve a wide variety of problems. You have already used this method
to convert one type of metric unit to another. The method is helpful in setting up
problems and also in checking work because if the unit label is incorrect, the
numbersin the answer to the problem are also mcozrect. The use of dimensjon-
al analysis consists of three basic steps:

1. Identify equivalence relationships in order to create unit conversion

factors,

2. Identify the given unit and the new unit desired.
Arrange the conversion factor so giver uniis cancel, leaving the new
desired unit, Perform the calculation.

‘CJJ

The following example ﬂlustrates the use of dimensional analysw

Example 1: In an exercige yourlaboratory pariner measured the length of an
object to ba 12.2 inches, All other measurements were in cen-
tmeters and the answer was to be reported in em®, Another
member of the group could measure the object in centimeters,
orl2.2 mches cauld be converted to centimeters.

Stepl: Findthe eqmvalence relating centlmeters and mches
254 amn=1in"

Step2:  Identify the given unit and the “to find” unit
Given unit = inches
“To find” unit = cm -

Ciabuse e Havilun witls the given” yuaniity in e denomi-
nator and the “to find” quantity in the numerator,

258em _ o0
1221 % Th SO.Qcm

Cancel Iabels as shown ahove.

Lo S
VRS wh

Frequenﬂy, more than one conversion factor is necessary to solve a par-
ticular problem.
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Example 2: How many seconds aze in 24 Hours?

Stepl:  Identify an equivalence:

1 hr =60 min L min = 60 sec

Step2:  Given unit: hours; "to find” unit: sec

Step3:  Arrange for given unit to cancel and progress to the desired
urnit;
60 maiit\ (60 sec

24“(?)(%) = B6 400 sec

Practice Problems

1, The distance between New York and San Francisco is4 741 000 m. Now,

that may sound impressive, hut to put alf those digits on a car odometer

is slightly inconvenient. {Of course, i the United States the odometer
measures miles, but that is anothey story.) In this case, kilometers are a
better chojce for measuring distance, Change the distance to kilometers,

2. Convert 7265 mL to L.

' 3. The 1500 meter race is sometimes called the “metric mile,” Convert

1500 m to miles. (1 m = 39.37 in). '

4. The density of alumiinum js 2.70 gf/cm® What is the mass of 235 cm?
of aluminum? _

5. Howmany 250 mL servings can be poured from a2.0 Lbottle of soft drink?

6. The speed limit in Canada is 100 km/hr Convert this to meters/second.

7. The density of helium is0.17 g/i. at Toom temperature, What is the mags
of heltum in a 5.4 L helium balloon?

8. Liquid bromine_ has 4 density of 3.12 g/mL. What volume would 7.5gof.
bromine occupy?

8. An irregularly shaped plece of metal has a mass of 147.8 g Itis placed in
a graduated cylinder containing 30.0 mL of water Tha water level riseg
to 48.5 mlL. What is the density of the metal?

PRECISION AND ACCURACY N MEASUREMENT ( e bosK S

----- Aatd L LT STy Rt L T T Y YT ;uu-.nnuununn.uu-unuunnu L T

Chemistry experiments often require a number of different meastements, and

. there s always some error in measurement. How much error depends on sever-

al factors, such as the skil] of the experitnenter, the quality of the instrument, and
the design of the experiment, The reliability of the measurement has two com-
ponents; precision and accuracy. Precision refers to how closely meastirements
of the same quantity agree, A high-precision measurement is one that produces

urements agree with'the accepted or true value :
Itis possible for a set of Measurements to be precise without being accurate,
Figure 3 demonstrates different possible combinations of precision and accuracy

-in an experiment designed to hit the center of the target,
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* *
Precise, not accurare Precise and accurate
v ¢ o :
- —
Not precise, net accurate Accurate, not precise
Figure3 Precision and Accuracy
A second example of accuracy and precision is given in Figure 4, The table
lists theresults of temperature measurements of a beaker of boiling water. The
" ‘standard temperature of boiling water s 100 °C. The data in the table illus-
trates the different possible combinations of precision and aceuracy in an
© -gxperiment; -
1 o .
7 Thermometer | Thermometer | Theimometer Thermometer
| Reading 1 2 3 4

1 999°C 97.5°C 983 °C 975 °C

2 a1 102.3°C. 98.5°C 997 °C.

3 1000 °C 99.7 °C 284°C - 9%62°C

4 99.9°C 1009°C . | 987°C 944°C

Average 100.0°C - 100.1°C 98.5°C 97.0°C

Range 02°C 48°C 04°C 53°C

- Figure 4  Measured Temperature of 100 ml. of Boiling.Water

The average value for each set is taken as the best vatue, Ihe'rang&——'ﬂ‘ié”(‘iif-' "
ference between the largest and smallagt valnee e tha manaira ~fitho oisrrotos
ment among the individual measurements, The data taken with Thermometer 1
is aceurate and precise, since the average agrees with the accepted value and the
range is small. Thermometer 2 provided data that is accurate but not precise
since the range is relatively large, The data from Therrnometer 3 is precise but
not accurate. The range is small enough that it Is possible that Thermometer 3
may nothave been calibrated properly, Thermometer 4 provides data-thatisnel-

ther precise nor accurate,
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L. Your teacher will provide you with several balances and an object

to weigh,

2. Carefully measure the mass of your object 5 Hmes on each balance

provided, '
3. Calculate the average and the ran

ge for each balance, Your teacher will

provide you with the “actual” mass of your object.
4, Discuss the accuracy and the precision of each balance you used.
5. Suggest possible errors that might have occurred with the yse of each

balance,

Practice ﬁPobIems

1. Determine the precision and aceuracy of the following sets of meastre-

ments,

a. Agroup of students was determining the density of an unknown
liquid. They obtained the following values:.

1,34:C e 1322 135 pomc The actual value is 1,31 o

coy

b. Anotlrer group obtained the same results, but the actual valye

5 1.40 _E?
o

C. Athird group obtﬁned the following values:

1.66-L_
cry

d. Afourth group obtained the fo

5128551188 The actual vatue is 1,348
cin oy

cm®

l}oWﬁl_g values: 1.60 Ex%f’ L70 Eﬂ%,

149 —5—3 The actual value is 1,40 __g?
cm CIr

Percent error js 3 measurement of the accuracy of the measurement, Tt is

calculated using the following formufa:

Percent Eyrop — Lperimental value

X Accepted valye X 100%

_ Accepted valus

NotE: Percenterroris a positive number when the experimental value is too high
and is a negative number when the experimental value is tog low,

TERRIR RN S L bbb eRir sty

SIGNIFICANT FIGURES  { rat ook, Seedqun
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As discussed earlier, easurements are an integral part of mast chemical

some inherent uncertainty, This yncert

. experimentation. However, the numerical measurements that result have

ainty is a result of the measitement

2,
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the smallest marking on the piece of equipment, The length of the red arrow
placed aleng the centimeter stick is 4.75 cm long. There are no graduation
tndrkings to help you read the last measuremerit as 5, This is an estimate. As a
resultthis digit is uncertain. Another person may read this as 4,76 cm. This is
acceptable since it is an estimation, There is error (uncertamty} built into each
measurement and cannot be avoided.

g
e

TN

If the measurement is reported as 4.75 cm,- scientists accept the prmmple
that the last digit has an uncertainty of £0.01 cm. In other words the length
might be as small as 4.74 cm or as large as 4.76 em. It is understood by scien-
tists that the last digit recorded is an estimation and is uncertain. It is impor-

tant to follow this convention.

Guidelines for Determining Significant Digits De 1@: All Kwow ,J
1. Alldigits recorded from a laboratory measurement are called sigmf 0! })’ ( 1-9). G n
Jeant ﬁgures (or-digitsk F )
The measurement of 4,75 cm has three (3) significant figures. Int wwkmowed /7 wess
Nore: If you use an electronic piece of equipment, such as a balance, C( i J, :
o

you should record the measurement exactly as it appears on the display.

J

Measurement ‘Number of Significant Figures

123 ¢
4654 mlL

3 300 GO0 nm

3
4
033 cm- I
2
2

0033 ¢

Figure 5 Significant Figures

2, Allnon-zero dlgits are considered significant,
There are special rules for zeros. Zeros in a measurement falt i mto three

types; leading zeros, trailing zeros, and middle zeros.

3, Amiddle zere is always significant,

¥ i
303 mim: a middle zero—always significant

T 4. Aleadingzero is never significant, It is only a placeholder; not a part of
the actual measurement. .

g ——

g S 79:91-23'1(@‘3]:eatl.ngzerg.‘_.never-gi‘gniﬁ‘é‘aﬁt
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8. Atrailing zerp {s signifcant w;hen itis to the right of a decimal point,
This is not a placeholder, Jt is 2 part of the actual measurement.

PPN

=y
1‘4}-%..:&

P

23.20 mL: a trailing zero—significant to the right of a decimal point

6. All significant Bgures include units stace they are a result of a
measurement. A number without units has little significance,

Activity
1. Your téacher will display several different measuring devices, Bxamine
each and determine what digit the last recorded number will ocoupy.
2. Make the following measurements, Record them using the correct
. nuniber of significant digits and the neasuring device mentioned,

a. Thelength of the ChemCom book using a meterstick,
b. Thelength of the ChemCom book using a metzic ruler.
¢. The volume of water in @ 100-ml, graduated cylinder.
d. The volume of water in 2 150-ml, beaker,

e. The volume of water in a 10-m, graduated cylinder,

f. Measure the mass ofa 150-m, beaker,

Practice Problems

1. How many signiﬁf;ant figures are in each of the following?
a. 451000 m -
b. 6.626 X 10~%7]. g
c. 0.0065g
d. 4056V
e, 0.0540 mL

2. For the centimeter rulers below record the length of the arrow shown.
a. M—_
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4 8. The drawings below represent graduated cylinders. Record the volume
%, j ' represented in-each picture. : :
A
f. b.
—10 10
11 e {1
12 12
USING SIGNIF!CA T FIGURES IN CALCULATIONS
Addition and Subtraction
The number of decimal places in the answer should be the same as in the meas- .
ured quantity with the smallest number of decimal places. . » ]
! . [ T ] iak: Co/vmﬂjj
1259.1 _ . o
2.365 m
15,34 m™m
1277.075,= 12771 m
& ‘Multiplication and Division

- "The number of significant figures in the answer shouild be the same ag in the
measured,quantity with the smallestnumber of significant figures.”

e #m[ frg 14 “ynfves
.1—?%212817658g'/mL=1.282g/mL [ ’7';;2" He ?wi f /f M_I

Acthty

Find the volume of the block provided by measuring the length, width, and
height. Calculate the volume, showing your werk, significant digits, and units,

Practice Problems

1. Answer the following problems using the correct number of signiﬁéant

figures.
a. 16.27 -+ 0.463 + 32.1
b. 42,05 3.6
¢ 151 X 0.032
d. 13.36/0.0468
{13.36 + 0.046) X 12.6
- 1424
2. In the laboratory a group of students was assigned to determine the

density of an unknown liquid. They used a buret to measure the Hquid
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and found a volume of 2,04 mL. The mass was determined on an
analytical balance to be 2.260 g How should they report the density
of the liguid?

3. In the first laboratory activity of the year, studernits were assigned to
find the total area of three tabletops in the room. To save time, each of
the three students grabbed a ruler and measured the dimensions, They
then calculated the area for each tabletop and added them together.
PFigure 6 presents the students’ Ineasurements, What is the total areq of

the three tablefops?
Student | Length Width
A 127 cm 74em
B 13 m 0.8m
C . 50. in 29.5 inﬁ‘

Figure 6 Tabletop Dimmensions

Nore: Only numbers resulting from measurements made using instruments
have significant figures and have an infinite nuinber of significant figures,
Exatt numbers include numbérs derived from counting and definition.
Exarnples: 25 desks in a room or 100 ¢m = I meter

In chemistry we deal with very small and very large numbers, Tt is awkward to
USS many zeros {o express very laige or very small nuinbers, so scientific nota-

- Hon is used. The number is rewritten as the product of a number between 1 and

10 and an expbnential term—L0", where 1 is a whole number.,

Examples
1. The distance between New York Gity and San Prancisco = 4 74] g
meters:

4741000 m = (4.741 X 1 000 000) m, 0r 4,741 % 105 m’

2, The mass of ranitidine hydrochloride in an antacid tablet = 0000479
moles:

0.000479 mol = 4.79 X 0.0001 mol, or 4.79 x 10-¢ mol

It is easfer to assess the magnitude and to perform operations with numbers
written.in scientific notation. It is also easter to identify the proper number of

significant figures,
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Addition/Subtraction Using Scientific Notation

1. Convert the numbers to the same power of ten.

2. Add (subtract) the nonexponential portion of the numbers,
. 8. The power of ten remains the same,

Example: 1.00 X 104 + 2.30 X 10°

A good rule to follow is to express all numbers in the problem to the high- |

st power of ten,
Convert 1,00 X 10% to 0.100 X 15,

© 0,100 X 10° + 2,30 X 105 = 2,40 X 10°

Multiplication Using Scientific Notation
1. The numbers (including decimals) are multiplied.
2. The exponents are added,

8. The answer Is converted to scientific notation—the product of a nim-
ber between 1 and 10 and an exponential term. .

Bxample: (4.24 X 10% X (5.78 X 109
{4.24 X 5.78) X (16274 == 24,5 X 108
‘Convert to scientific notation = 2,45 X 107

1

Division Using Scientific Notation

1." Divide the decimal parts of the numnber.

2, Subtract the exponents. o

3. Express the answer in scientific notation.
- Example; - (3.78 X 10% + (6.2 X 10%)

(878 +6.2) X (1059 = 0,61 x 1017
Convert to scientific notation = §,1 X 104

" Caleulator Use Jor Scientific Notation Calculations

Most students use caloulators to perform operations with exponential num-
bers. Scientific caleulators have a button labeled or which enters the
“10" portion of the number. Apply the following keystrokes to enter the nimber

4741 X 10%

| pman 3

RS

If your answers are consistently incorrect by a power of ten, you are proba-

* hly entering an exira “10" following the key. When using a caleulator to add

or subtract exponential numbers, it is not necessary to first convert the numbers
to the same pawer of ten,

b in i,
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Practice Problems

(N 1. Convert the following numbers to exponential notation;

a. 0.0000369

h., 0.0452

f ¢. 4520000

36
" 1000
e. 365 000 '
2. Carry out the following operations:

a. (1.62 X 103 + 84 %X 109
b. (1.75 % 107 — 4.6 X 107%
c (151X 1% x (3.2 % 1073
d (6.02 X 10%) X (2.0.% 103
e (B.02X10%) = {12.0)

f (8.63 % 0¥ eg) x (3.00%1- ar +4.6 % lO"m)






