APPENDIX 2
UNIT CONVERSIONS

Unit convasionsare doneevery day in alaboratory, and you need to have agood
undestanding of wha they are and howto dothem. Unit convasionsmay have seemed
confusngto youin past, butthebasic ideas behind unit conversionsare nat too difficult.
Thefirst ideaistha convasion factorsequd 1. For example:
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Notice tha both im and 100cm equd 1. Youaready knowthat if youmultiply any
100cm Im

number by 1, you get theorigind number back.

Note: look at theend of this appendix for alist of common unit convasions
The secondidea behind unit convasionsisthat if the same unit isin the numerator and
denomnator of afraction, they cancel each other out. Let’slook at an example:

How many centimeters are in 8 meters? (Or wha is 8 meters givenin

centimeters?)
gm* S0 goaem
% Im "
Agan, thefirst ideaisthat 5%%# equds 1, since 100cm=1m. Sinceyouare
0

multiplying 8 meters by 1, 8 m and 800 cm are the same measurement jug expressed in
two different units. Imagine 8 meter sticks placed end-to-end. Tha length is800cm.
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Of course, wﬁalso equds 1. So,why dowe multiply by m# and not
9400cm* 0 Im *

Im

(100:m

value Asshown bdow, theunit “meters’ in 8 m and the“meters’ in the bottom part of
the conveasion factor cancel each other out

) ? Thereasonistha thisallows usto cross outtheunit “meters’ in theorigind

8m* g;LOOcmft: gBmfﬁ* 100cm= %gft* 100cm =8*100cm =800cm
% 1m * ggm* %"

When deciding which unit convasion factor to use, pick theonetha will removethe
origind unitsand will leave the units youwant. What hgppensif you choos thewrong

unit convasion? Let’'s see;
im # m?
8m' é‘i =0.08—
c400cm" cm

Theunits become more complicated, and theorigind unit still remains Thisis obvioudy
notwha you want.

Let’s do another more complicated example:

How many secondsarein ayear? (Or: Wha is 1 year given in second®)

1) We start by convating 1 year into days. lyear * wr&z 365days.
/0 1y%r n

2) Next we convet daysinto hours. 365days* Wf: 876Chours.
A) ay ]

3) Then we convat hoursinto minutes. 876Ghours* gj%#: 525600min .
our "

4) Findly we convat minutesinto seconds

525600min* é‘mﬁfﬂ 31536000sec .
oglmin "

To savetime, we can do all of the calculationsin one step:

Iyear * 65daysf¢*§24hoursf¢*§¢60minﬁ*§605?cfﬁ
% lyear = b, lday * 9glhour ™ 94gdmin "

By canceling out units, the conva'sion formula simplifies to:
365* 24* 60* 60sec = 31,536000sec.
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If youbecome used to this system, you can quickly condruct these “chans’ of
convasion factors, which isvery powerful. Noticetha 1 year and 31,536000seconds
are the same extent of time. You haven't actudly changed thelength of time, only the
unitsin which timeis expressed. Oneyear is 31,536,000seconds If youwanted to
countto 31,536000and you counted onenunber every second, it would take youone
full year. If youwanted to countto 1 billionit would take you over 31years! Do the
math to seeif that’sright

Up to now, we have convated large unitsinto smaler units. Let’sgoin theopposte
direction,fromasmall unit to abigge unit:

How many liters equd 56430milliliters?

§ 1L ¢
56430nL * '=5643L
34.000nL "

Let'slook at thisin deail:

se43mL* & L f- &56430“"#*& 56.43* 1L = 56.43L
4000mL" _ $x100amL *

Thesituaion becomes even more complicated when you need to convet both aunitin
thenumerator and a unit in thedenomnaor. For an example, let’slook at conveating the
concentration of asolution.

We dissolve 1 milligram of salt (NaCl) in 1 ml of water. The concentration of this
solutionis Img/ml. To expressthe concentration of salt in the solution in terms of moles
per liter (mol/L) we need to convet mg/mL to mol/L.

1) First conveat thetop number, noticing tha the milligrams and grams cancel
out

§ngNaCI1# §]molNaC|f¢§ 19 ft 0.000017inolNaCl/ mL
W% y58.5gNaCl» §3000mg ~

2) Next convat thebottom number, noticing that themL’s cancel out

%0 000017]110|fﬁ §J.OOOT1L# 0.0171m0l/ L
% 1ImL "gp AL

Of course, we can also do theentire calculationin onestep:

§J.mgNaleﬁ ZlmolNaCl]‘-!E 1g T#gJ.OOOnL_ft &].molf-t 0.017 ol L
% 1mL J58.5¢NaCl " 54000ng " % 1L " OH85L"

Onemilligram of NaCl pea milliliter of HO equals 0.0171moles of NaCl per
Liter of H,O. They are thesame concentration, jud expressed in different units!
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Here' s another example:
How many cm? equd 0.023m??

Y ou know you want to multiply 1 m? by aconveasion factor with m? in the
denominaor and cm? in the numerator, buthow many cm? equd 1 m??
10cm=1m
100°cm? =1°m?
1000@m® =1m?
First, we knowtha 100cm =1 m. Next, squae both sides of theequaion. Now

the convasion factor is easy to find. We dividebath sidesby 1 m? (since we
want m? in the denominator) and get:

10000cm’

m? =1

Agan, theconvasionfactor equds 1. Now let’s solve the problem:

2
0.023m? * o?n?m = 2300m?
A) ]
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Metric/Sl prefixes:

M = mega= 10°
K =kilo = 10°
d =deci = 10
c =centi = 10°
m = milli = 10°
| =micro=10°

n=nano=10°

These prefixes can be used to make unit convasion factorsfor any Sl units.

For example:
1 megameter (Mm) = 1 x 10° meters (m)
1 milliliter (mL) = 1 x 10° liters (L) => 1 x 10° milliliters (mL) = 1 liter (L)
1 kilogram (kg) = 1 x 10° grams (g)

Common Unit Conversions:
Length

1 inch = 2.54 centimeters (cm)

1 foot = 0.3048meters (m)

1 mile" 1.61kilometers (km)

1 anggrom = 1 x 10" meters (m)

Volume

1 cubic centimeter (cc) = 1 x 10° cubic meter (cum)
1 cubic centimeter (cc) = 1 milliliter (mL)

1 fluid ounce (02) " 29.6 milliliters (mL)

Weightor Mass

1 metric ton (t) = 1000kilograms (kg)

1 pound(lb) " 0.45kilograms (kg)

Avogalro’s number = 6.022x 107 = number of molecules of a subgance tha make up a
mass in grams equd to its molecular mass

1 mole (mol) = mass of a substance in grams equd to its molecular mass

1 mole = 6.022x 10” molecules

Concentration
Molarity (M) = moles of solute per liter of solvent (mol/L)
Molality (m) = moles of solute per kilogram of solvent (mol/kg)
Normality (N) = Molarity (M) x number of protons or hydroxideionsper molecule
For example:
1M HCl =1N HCI
1M HzSO4 =2N HzSO4
2M HzSO4 =4N HzSO4
1 M Ca(OH), =2 N Ca(OH),



Time
1 year = 365days (except during leap years)
1 day = 24 hours

1 hour= 60 minutes
1 minute = 60 seconds

Temperature
°C=(5M9)* (°F-32)
°F=(18*°C) +32
K=°C+ 27315
°C=K-27315

Water freezes at 0°C and boilsat 100°C
Water freezes at 32°Fand boils at 212°F
Water freezesat 27315K andboilsat 37315K
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