CHARTER Ziioiiiiisiiiins i oty
‘Measurements and Calculations

_INTRODUCTION. - el e

Chemistry is a science that requires ohservation of the warld around us and measuroments of the

. Phepomena we observe. In this chapter you will learn how to record your observations and how to ' -

. . perform calculations with measured values. Scientific measurements arg usually made using the metrio -
systemorthelntnmatimal.Sysmmewﬂlneedtobecomnfamiﬂarwithﬂmwmtamwf 1% :

measurements and know the magnitude of each of the major units. - e Gl

CHAPTER DISCUSSION

Significant Figures : TALEe
Medsurement is ax important part of scierice, and an understanding of unertainty is &n important part -
.of measurement, Science is often thought of (ingorrectly) a8 a body of unchanging absolute truths, . =
which makes the concept of uncertainty seem odd, But you should realize that uncertainty is alwaysa
factor in any measurement except for exact counting, For measurements you will be teking in the lab,
there iy always one (and-only ane) uncertain digit that we can reasonably ¢stimate; Imagine, for
example, measuring water in a beaker as shown below, ' ;

. L]

: Usingthisbeaker,wekmwﬂmraiu'moratfhanz‘ﬁ'mllofwateraadlusﬂ!anﬂmLofw&. Ta'mpnr_t_. g
“26 mL” or “27 mL" would be impreeise, Now unagmelf we We_d:abeukc_r_auhnwnbelow._ s
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8  Chapter 2: Measurements and Caloulations

in this case we would report an answer to the ones place. ki this case, the water appears just over the L
halfway point between 2 " and “30,” so “26" i a reasonable estimate, Notg that we would not call this
ah exact measurement. The actual amount of water may be 25 mL or even 27 mL.. Unless the glassware . -
18 marked, we generally assume our uncertainty is +1 for the digit that we estimiate. L o)
Look back to the first beaker, We can make a reasonable estimate of the tenths place in this case. The

. Waler lovel appears to be just under halfway between the two graduations, so we might report 26.4 mL. .
llllhllcln.wcmummmﬂwm.mpmtofmis'ﬁmﬁ.imdﬂﬁsm'lfhmfnrewe
cannot report an answer. of 26.42 mL since this would imply we knew the volume was between 26.41
and 26,43 mL (again, this assumes the glassware does not have a precision associated with it). What if
we wanted to measure water to the hundredths place? This would require glassware with graduations as

shown in the beaker below. .

In thig me,-'26.42mLisamablﬁ'esﬁmatei_‘oxtﬁﬁvohnm, f water although you might think it is
26.41 or 26.43, Again, realize that we never got an exact measurement, Bven if the water lovel seemed
toberightnhthe26.4.graduaﬁon,mwﬂﬂmmn%.wmbmmummrep'm“mﬂyzﬁﬁmh“

rting “exaetly 26.4 mL” implies 26.4 with an infinite number of zeros (26.400000000; etc.). Thus,
26.42'isnotﬂ1esmnea826.420inte;msofmeasmment(alﬂ:nughyomcalculatortremﬂxam.asﬁle
same). The only way to get an exact number is to connt it. JE o
lhmﬁeghsmedewrmm“ﬁepmdsimthataﬁ‘ecmmemmbmofdighsywmmma
mmmrmmThmedigim-mmedgniﬁcamﬁgmm,mdﬁeymcMemmddigimmdMM
' esﬁmabddigitOmMemmsmmmmthisexmph,dmgwﬁhthemmbmofdgniﬁmﬁgm,
are: '

. Beaker1 ~ 262mL three significant figures
Beaker 2 26 mL two significant fignres

Beaker3 26.42 mL four significant figures.

Now what happens if we-add the water from each of these figures togﬁdr?ﬁnwcmwercpgﬂ'ﬂm <
results? Mathematically, we have: .

264 mL
. 26  mL
+
26.42 mlL,
78.82 mL
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Chapter 2: Measurements and Calculations 7

However, we should realize that we have some uncertain digits. That is, the above procedure implies
that the first measurement is 26.40, and the second is 26.00. However, this is simply not true. A better -
representation for this addition is

26.4? mL

26.7? mL

+
2642 ml,
78.7? mL

Note in the lnmdredths we are adding a 2 to two unknown digits. What is “2 -+ ? + 7”? The answer has
to be, “We don’t know”! In this case, we know the sum only to the ones place, so we can only report it
as such. So do we report it as 782 79? Because the sum of the numbers is 78.82, we round up to 79. We
can also justify this by recalling the uncertainty of the numbers. Let’s assume two extreme cases. In the
first case, assume we estimated too high for all three measurements (that is, assume there was actually
less water than we thought). In the second case, assume we estimated too low for all three
measurements. Remember that we assume we can be off by +1 in the last digit. The range for the total
amount of water in each case is shown below:

263 mL 26.5 mL
25 mlL 27 mL
+26.41 ml, +26.43 mL
77.71 mL 79.93 mL

The maximum range of volume should be between 77.71 mL and 79.93 mL. Since we can report the
answer only to the ones place, the range should be between 78 mL and 80. mL. Therefore a reported
answer of 79 mL (with a range of =1) is reasonable.

After studying about measurement and significant figures, you should be able to answer the following

questions; ,

1. Whydowecareaboﬂmgmﬁcmﬁgmes?Whatmthepomtofdetermmmgwhlchﬁguresare
significant? That is, what is the practical application?

2. Why is it that there is always one uncertain digit? Why can’t we just measure more accurately?
Whylslherejustoneuncermndlgxtmﬂ:ereportedanswer?

3. Makesenseofthemlesforwhxchzerosaremgmﬁcam. Be able to explain them (not just recite) to
a classmate or instructor. (One way to understand these is to relate the concept of significant
figures to scientific notation).

Dimensional Analysis
When muitiplying numbers in dimensional analysis, we are really just mnltiplying fractions.
Remember, when mmltiplying fractions, multiply all of the numbers in the numerator first, followed by

multiplying all of the numbers in the denominataor. The last step is to divide the numerator product by
the denominator product.

Forexample,toﬁndtheproductof%and%wecanwritetheexpresioninoneoftwoways:
1.2 1 2)
—X—or|~1 —
S (3)(5
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8 Chapter 2: Measurements and Caloulations

We theh solVaﬂaeprobiemusihgﬁefo]lowingmethod: e

(1x2) -
G)3)- gy~ o |
Wheneverweseeﬂlesamemnnbermboﬂlthenumemtoranddenennnator ﬂleycancelqut(toequall); e

(1) t-em

IfthemnnberweareanalymgmaWholemmbcr,mmemherthatthxsrodlymemsthatthemmberiw
overl(wholeninnbermthonnmerator lmthedenommaxnr) Fatexmnple,thennmber4reallymem i
4 |

1° :
Whennmltnplymgumts,usethesamepunmplethatyouusefornnﬂuplymgﬁacum Ifoneumtmm '

the numerator, and the identical unit is in,the denominator, tbeycanceleachotherout(andulnmately
equal 1). Any remaining units are evaluated for the answer. '

( centimeter \(.. meter meter
\ el J(W) 1
Youcanalsomnhnplyseveralumtstogethetatonceusmgﬂlesmneprmclpleasforﬁ'actlons
 ( censimeter \( - metgr [ kilomater megameter \_-megameter

\ Second J(W}( M)(WJ ~second

Itmverymponammmtathatafaumtappemmcemthenumembatxmomﬂ:mmcemthe -
denominator, we can cancel out only one of the unit expressions in the denominator, 'I'hinkofth;s '
concept in terms of fractions. If there were the number 4 in the mumerator and two 4°s in the :
denominator of different fractions, we would cancel outonlyoneofthe4’s onthebottom,nothoth

SV DO e Lo o g -
(?)(7)( ) e 2015 i i
Let’s look atan example with units, Conmder—multiplying the following units, :

2 \? b

(_;k_il_gram) meter )(s:econd)é
~ \ second (kilogmm . metgr
The squared factor is equivalent to multiplying the fraction by itself. .°

(kilogram)(kﬂogmm) meter ]( meter (second)=
- \ second )\ second kilogram )\ kilogram J\  meter
‘Nowwecanevaluatetheexpresmonbycancelmgomm :

second _aeeaﬁ W M  mefér ) second

= meter

®
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Chapter 2: Measurements and Calculations 9

A Warning abont Dimensional Analysis

Dimensional analysis is a double-edged sword. It is emremelyusefulandqmte dangerous, It is
dangerous because it can allow you to solve problems you do not understand. For example, consider the
following problem:
There are 2 igals in 1 oqonku.md6odonlmsih4fa1gm's. If you have 3 igals, how many falgers is
this?
We can solve this simply using dimensional analysis:

. 1 odonku 4falgem =
3’““(2@:]*(60@@) 1 figer

Therefore, the answer is 1 falger. The questions to ask are “What is an igal? ,” “What is an odonku?,”
“What is a falger? ,” “What is the point of this problem?”. Even though you can solve this problem, it is
absolutely meaningless. And this is something you want to avoid in a chemistry course-solving
problems without understanding them. Even if you can do this on some occasions, many of the
problems in chemistry require an understanding of underlying principles, and it is good practice to start
understanding early on. Dimensional analysis is a good tool for unit conversion, but you should never
use it to try to replace understanding a problem.

LEARNING REVIEW

1. To express each of the following numbers in scientific notation, would you move the decimal
point to the right or 4o the left? Would the power of 10 be positive or would it be negative (have a
minus sign)?

0.001362
146,218

a.
b
c. 342016
d
e

0.986
. 188
2.  Complete the table below, and convert the numbers to scientific notation.
Coefficient Exponent

a. 0.00602 6.02
b.. 60,000 6

c. 49

d. 1.002 1.002

10’

X X X X

3. Convert the numbers below to scientific notation.

a. 1,999,945
b. 650,700
c. 0.1109

d 545

e. 0.0068

f.  0.042001
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g 12

h. 13, 921 .

: Tocxpressthefolldwmgnmnbarsmdemmnlnotahon, wouldyoumovcthe decnnalpomttoﬂw ;

right or to the left? How many places?

8. L02x10° - - e
41x107°

5% 10°

431 x 10

931><10'2

Al

'Convert themlmbers below to decimal nomﬁon.

491 x 10"

5.42 %107

2.07 x 10°

1.009x 107

92x10'

4.395 x 10° . _ : _

g 703%x10% . e : 3 .

How can you convert —1235.1 to sclentlﬁc notation?

Which quantity in each pair is larger? .

5 1moteror hmiliilier 1 Wl \limaVer - P
b: | 10 seconds orl microsecond {

o po &P

d. lldlogramorldecigram

Which quantity in each pair is larger?

1 mile or 1 kilometer |

1 liter or 1 cubic meter

1 kilogram or 1 pound

1 quart or 1 milliliter .

1 micrometer or 12 inches |

‘What metric or SI unit would you be likely to use in place of the English units given below?
Bathroom scales commonly provide welghtmpmmds
Aconvementwaytopmchasesmallquanhhesofmﬂklsbyﬂaequart.
A cheesecake recipe calls for 1 teaspoon of vanilla extract,

Carpeting is usnally priced by the square yard,

“An ounce of prevention is worth a pound of cure.”

oA 8 o P
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Chapter 2: Measurements and Calculations 11

10. ‘What pumber would you record for each of the follgwing measurements?

T A

N o -
11. - How many significant figures are in each of the following numbers?
a. 100 :

b. - 1180.3 :
c. 000198 '
& 1.001

e. 67,342

£ 00103

g 41010,

12, Expresstheresuhsofeach calculatmntothecorrectmnnberofmgmﬁcantﬁgures
a. 18x%293

‘b, 0.002/0.041
c.  0.00031 x 4,030
4 4950890 -
e. 5024x192
£ 913x210x77

g 8 003 x 4.93/61.05
13. -Round off the following numbers to the mmber of significant figures mdlcated

Number of
, - Significant Figures
0.58333333 four-

Number

490,000423 ' six
0.06295 three

a.

b. 4510324 three -
c. 942.359 four
d. 0.0090060 two -
e. 6.8 © ong
f 1346 three
g.

h.
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12 Chapter2: Messirsments and Calculations

14.. Foreachofthequmhttesbelow gl\ieaconversmnfactorthathllcancelﬂleglvenumtsand
produceanumberthathasﬂmdemredunﬁs.l’orexample )

a 10.6 mx

b, 098Lx- ;
c. 18.9_8 i %
i 05 yd)‘t”.

e. 256kgx

Fle gls glsriaa|g

15. Perform the following conversions:
" 543kgtog
65.5intocm
0.62Lto f
- 1113 gwoIb
400qtto L. O , .
2.83gtolb : i
0.21 em to in %
16. Fill in the important reference temperature on each of the temperature scales.

I T

'ﬁaczingpoi_ntofwater.
= = T
QD"‘ Howmanydegreesaretherebetweenﬂ:ememgpomtandtheboﬂmgpomﬁwateronthe
FahrenhertandonﬁeCelsmsscﬂes?

XCaIculateﬂwraﬁo ofthenumberofdegreesFahrenhelttothennmberofdegmes Celsms
betweentheﬁ'eezmg and boiling points of water.
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Chapter 2: Measurements and Calculations 13

ween theﬁeemngandboﬂmgpomts ofwater
18. Comformbleroomtempemtmeforhmmesmﬁ °F. What is this on the Celsius scale?
19, Ethyl alcohol boils at 78.0 °C. What is this on the Fahrenheit scale?

20, Insomepartsofﬂ:edeest,temparannesmaydmpaslowas—ZZ SF in winter. What is this on
the Kelvin scale? :

21. Perform the temperature conversions below.

a. 180°FPto°C
b. -108°CtoK
c. 244Kto0°C
d 251°Fto°C

' 22. Fill in the missing quantities in the table below.
Substance Density (z/ml) Mass Volume

seawater  1.025 526¢g

diamond .. 213g 0.65mL

beeswax  0.96 .- 1255¢g

oak wood - 463g ~B3ImE- b, 117272 .

ANSWERS TO LEARNING REVIEW

1.  To convert to scientific notation for numbers that are greater than zero but less than one, move the
decimal point to the right. For numbers that are greater than one, move the decimal point to the
left. Makesureyomﬁnalanswerhasonlyonenumbertotheleﬁofthedeclmalpomt.

a. right 0@362 power of ten: negative
b. left 146218  powerof ten: positive
c.' left '3%015 power of ten: positive
d. right 0385 power of ten: negative
e. loft l§,8 | power of ten: positive

2. Remember that numbers written in scientific notation are divided into two parts. The coefficient
' on the left is a small number between one and ten, and the exponent on the right is ten raised to

some Power. i
Coefficient Exponent
a. 0.00602 6.02 x 107
b. 60,000 6 x 10*
c. 49 49 x 10!
d 1.002 1.002 x 10
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The answer for g, 12 x 10°% meansthatwedonotneedtomovethedecnmlponnofthe
coeﬂiclent.l.ZXIO is the same ag writing 1.2. -

1.999945 x 10°
6.507 x 10°
1109 x 10™
5.45 x 10
6.8% 107
42001 x 1072,
12x10°
1.3921 % 10!

WhencmverungﬁomscmnuﬁcmmnmmdecmaLhokﬁrstatthaexpmmHﬂ:eexpmeMm
posxuve(hasnonegatweslgn),movethedeclmalpomttomengm. Ifthaexponeanegatwe,
move the decimal point to the left.

right 1020
left 0.0000041
right 500,000
right 431

e. left 0.0931

A large number such as 49, 100000000hason1ythreemgm.ﬁcantﬁgures The trailing zeros are
notsxgmﬁcantbecausetheremnodemmalpomuﬂleend.

a.  49,100,000,000

p e ep

b.  0.00000542

c. - 2070

d.  0.0001009

e. 92 ' ) :

£+ 439,500 : , &

g 00703 ' ' Y

Thsnumbermdlﬂ‘eremﬁomomerswehavesem.ltmsmaumthmonemdalsomauerthm
zero. Youcanconvextthesenmberstosclennﬁcnotatmnmmuchthesamewayasyoruconvert
numbers that are greater than one. First move the decimal point to the left as yon normally would.

~1235.1
nJ

)
Then count the mumber of times the decimal point was moved, and add the correct exponent.
| 1.2351 x 10°
Just keep the minus sign in front of the entire mumber.
-1.2351 x 10°
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Chapter 2: Measurements and calculﬁﬂons 18

The minus sign goes in front of 1.235 because this number is less than zero, The exponent is
negative only for numbers that are between zero and one. : °

To work this problem you need to have learned the SI prefixes and how they modify the size of

the base unit.

a.
b.

A meter is larger than a millimeter.

10 seconds is larger than 1 microsecond.

el Mm is larger-than-l-em8:

d

lldlogtamislargetthanidecigmm. . .

8. Thisproblem asks about the relationship between English units and SI units. You need ta know
the relative sizes of English and SI units.

a.

o po o

o p o PP

10.

1 mile is larger than 1 kilometer.

1 cubic meter is larger than 1 liter.

1 kilogram is larger than 1 pound.

1 quart is larger than 1 milliliter.

12 inches is larger than 1 micrometer.

kilograms
liter ]
iTlilit
square meter (m?) |
“A gram of prevention is worth a kilogram of cure.”

This measuring device is a beaker. Each division represents 50 mL. The volume of liquid in
the beaker is somewhere between 100 mL and 150 mL. We estimate that the volume is 120
mL,

. Thismeamningdeviceishgradumdcyﬁnder.ﬂemmberstenusthateachmajm

graduation is 5 mL, so each of the smaller lines must be 1 mL. We can accurately measure
the volume to thenearest 1 mL. The volume in this cylinder is between 43 and 44 mL. We
estimate the volume to be 43.5 mL. ‘

The length of the arrow lies between 1 cm and 2 cm. We estimate that the arrow lies 0.9 of
the way between the two marks. So the reported measurement would be 1.9 cm.

This graduated cylmderhas major divisions of 1 mL. The smaller marks represent 0.2 mL.
The liquid lies between 3.6 and 3.8 mL. We estimate that the volume is about a quarter
(0.05) of the way between the two marks, so the volume would be reported as 3.65 mL.

11. Remember that all nonzero numbers count as significant figures, and zeros in the middle of a
number are always significant. Zeros to the right of some nonzero numbers are significant only if

they are followed by a decimal point.
a 1
b. 5
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13.

' 14

. Chlpilr 2: Measurements and Calgulations:

Mmoo poo

8.

b.

c’ ..
d.
e

f

g
: YoucananSWerproblamssuchas 13 gbyputungthedemmalpomtattheendtoshowthatallm '

W W

it

12. Feorproblems involving mmitiplication and division, your answer shouid have the same number of
decimal points asthemeasmementhththeleastnumbwofmgmﬂcantﬁgures Forproblems

involving addition and subtraction, your answer should have the same number of significant

S

0.

0
1

3
05

.0012
3
96,500 - -

1500

0.

646 .-

ﬁgwgsuﬂmmeamememmththehastnumberofmgmmﬂwnghtofﬂwdemmdpmm.
- ,

mgibmﬂgﬂlﬁ%ﬂtmhsemenhﬁcmﬁhonwiﬂmmeﬂimeMthatconhmmdxgﬁs

- o a0

'I‘oanswerthxsquesﬁons}'oumedtoknowtheconmonequlvalencwsandhnwtowntethemasaa

a. 0.5833
b 451
9424 -
£ 0.0090
G N
1850z o
g. 490,000. or 4.90000 x 10°
h.  0.0630 '
unit fator, *
R 10em 0o
_ =
b, 098L x 106 .
1L
c. 18.98em x ““_
12.54.cm

0.5 yd x

L 094yd

B

B

Copyright © Houghton Mifflin Company. All rights resarved.



ch-pt& i: lluﬂlumm and Calculations 17

o 256k x ‘:’“If: i
o s 10 v
_ _bs.._f._-'65-.5‘i1'1'x? z?g'éiﬁfs-cm; - ,R
e 0@Lx 3-;%}%0..02'2 _ﬁ;
d.. 113gx 4;31_';';0;245%
e 4DOgX 1.;;;43 é_ayf 8191
£ 283gx 423""2;5.2{_310"1&
16. .

212

éy-'.

17. ,Tnmmlsodemmwmmeﬁeemngmdmpomofmmmpmwm
and 100 degrees on the Celsius scale.

°F 180
iy e

T L
K 100
180150
K 1
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18.

19.

20.

21.

Chapter 2: Measurements and Calculations

We want to convert from.degrees Fahrenheit to degrees Celsius.
Tp=175 :
We can use the formula below to calculate degrees Celsins.
Ty —32 _75-32 ' '

1.80 .1.80
Tic=24 | :
75 degrees Fahrenheit is equivalent to 24 degrees Celsius.
We want to convert from degrees, Celsius to degrees Fahrenheit,
T:c=178.0 :
We can use the formmla below to calculate degrees Fahrenheit,
Tep=1.80 (Toc) + 32 '
Tep= 1.80(78.0) + 32
Tp=172
78.0 degrees Celsius is equivalent to 172 degrees Fahrenheit.
We want to convert from degrees Fahrenheit to Kelvin.
Tp=-22 '

T°c=

‘We do not have a formula to directly convert degrees Fahrenheit to Kelvins, but we can convert
from degrees Fahrenheit to degrees Celsius, then from degrees Celsius to Kelvins,

Convert Tep toTocﬁrst.

Tg=Toc+273
Tx=—30.+273

| Tg=243

a. Ty=180

T, — 32
1.80

TLC -
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b. Tc=-108"
' Tg=Tec+273

Te=-108+273
Te=262

c. Tx=244
Tx=Tec+273
Rearrange this equation to isolate Tsc.
Tec=Tg— 273, S
Tio=244 - 273
Tog=—29

& Tp=251

22, ' ' 310
Substance Density Mass - Volume

seawater 1.025g/mL’ 52.6g 51.3mL

diamond 33gmL 2.13g 0.65mL -

beeswax 096g/mL 1255g 130mL
-oakwood 0.750g/ml. 4.63g 6173.3mL
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