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Chemistry 151 is the gateway to a successful experience in the "majors level"
chemistry classes (Chemistry 221, Chemistry 222 and Chemistry 223 at Mt.
Hood Community College)

Welcome to Chemistry 151!
fe & !

CH 151 offers students the chance to acquaint themselves with chemistry,

Michael A. Russell, Ph.D. math and more before tackling the higher level (and faster paced) classes.

http://mhchem.org/151
mike.russell@mhcc.edu
Welcome!

CH 151 meets M T & W from 8 AM - no later than noon for four weeks -
do not miss any classes!

The goals of CH 151: learn chemistry, P
understand sig figs and dimensional analysis, = o
explore math skills needed for chemistry, and 7 M o). ¢

have fun! :)

MAR -M

Chemistry 151 at Mt. Hood Community College The Chemistry 151 Classroom

The "What's Due This Week" Schedule: syllabus and online

M M Winter S pr lng Next Summer "What's Due 'n.: ::etk“»Sclhledu‘lt for Chemistry 151 Chemistry 151 "What's Due This Week” Schedule for Summer 2025
CH 151 CH221 CH?222 CH223 CHI50 Rl T
CH151 CH221 CH?222 CH 223 (2nd 5 weeks) :
CH151 CH221 CH 222 (Ist5 weeks) -
CH 223 (2nd 5 weeks)
Note: s om i, Lar2449 —
"CH 221" =CH 221Z & CH 2277 o Lecture-Chaptr .4 -4, (Lawis Srctres/ VSEPR) s

Lab s au

"CH 222" = CH 2227 & CH 228Z

"CH 223" = CH 223Z & CH 229Z . .
MAR MAR Check your @saints email for updates from me about CH 151 each week!

What You Need for Chemistry 151

. « Textbook: Free! OpenSource (OER), use PDF

* Lectures: Seven lectures over various chapters, can watch complete « The Companion: Contains all of the labs, problem sets, study
lectures as well . : . . .

. . guides, et. that you will need. You will need printed copies of

+ Labs: Performed in AC 2507, get printed copy before lab, watch the lab the labs and problem sets!
video before lab starts; labs generally due next lab period at 8 AM. Seven
labs this quarter

* Problem Sets: Complete before they are due; we will go over them in class
(self correct!), can also watch recitation video. Four problem sets, one per
week

The Chemistry 151 Classroom

Important Types of Assignments:

« Safety Goggles: Get a pair! Dollar store glasses are ok for CH
151.

* Calculator: Get a 'science' calculator (like the TI-30XIIS), at
least with EE/Exp button and In/log buttons.
* A sense of humor :) and remember to reach out to me via

¢ Quizzes: 30 minutes, show your work, closed book, no notes (calculator and L .
email if you have questions!!!

periodic table ok.) One midterm exam and a final exam (mix of multiple
choice and show your work.)
¢ Check out the LSC/AVID Center (above the library, free!, also Zoom), Any questions? Let's begin!
email me questions (mike.russell@mhcc.edu)
MAR MAR o
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Chemistry 151: Basic Chemistry

Welcome! & Chapter 1

Chemistry: The Central Science

Chemistry is often referred to as “The Central Science”
because it is crucial to all other sciences.

BIOLOGY
Cell biology
Microbiology

Anatomy’
PLANT SCIENCES Physiology BIOCHEMISTRY
Botany Geneics Molecular biology

Agronomy Immunology

Endocrinology
/ Geneic engineering

What is Chemistry?

o "Keme" (earth)

o "Kehmeia® (transmutation)

o "Alkhemia® (Arabic)
“nfc%cmg" (Europe's Dark Age)

“c]ﬂ)rmf.h'}q“ (Bog]e‘s 1661
Publication)
. “(]’1@111151111)" (moclern)

Khemeia - ancient Eggptian

PrOCﬁSSCS ]COF emba]ming thé dcad,

later extended to metallur,
Chemis’trg is the study &

of matter and energy Khemeia (and later Cht‘lﬂfhf!i{j) seen

as "occult” b}j ]aljmcn, extended to

MAR modern age

The Branches of Chemistry
* Organic - carbon, nitrogen, oxygen
 Inorganic - metals, everything ‘“non-carbon”
* Analytical - Spectroscopy, ‘how much”, “what kind”
* Physical - measurement, where physics meets chemistry
* Biochemical - the chemistry of life

ENVIRONMENTAL
SCIEN(

CE
Ecology
Pollution studies

] CHEMISTRY ~———————

e /

N\

MEDICINE AND ALLIED
HEALTH SCIENCES
Pharmacology

utrition
Clinical chemistry
Radiology

S

NUCLEAR

e also: geochemistry, astrochemistry, radiochemistry,

medicinal chemistry, etc.

T e

v g F2o®
lf“’c.

L L

CHEMISTRY
Radiochemistry

Body imaging
Nuclear medicine

ASTRONOMY

\ PHYSICS
Atomic and nuclear physics
Quantum mechanics _o—"
Spectroscopy

MAR

Metric System

Scientists use the metric system to record measurements (length, mass, volume,
temperature, etc.) The metric system uses prefixes which correspond to a power of ten:

COMMON METRIC PREFIXES

ChiemisTry,
Fou’

MAR ] 1

PRSI Y

the
Metric System
Newton  meier !
e 1l

Metric System

The same prefixes are used with different types of measurements.

PREFIX ABBREV. MEANING
mega- M one million
kilo- k one thousand
deci- d one tenth
centi- © one hundredth
milli- m one thousandth
micro- M one millionth
nano- n one billionth
MAR

NUMERICAL VALUE
1,000,000 (105)
1,000 (103)
0.1 (10-1)
0.01 (102
0.001 (10%)
0.000001 (106)
0.000000001  (10)

Length Mass Volume Time

(meter, m) (gram, g) (liter, L) (second, s)

megameter megagram megaliter megasecond

kilometer kilogram kiloliter kilosecond

decimeter decigram deciliter decisecond

centimeter centigram centiliter centisecond

millimeter milligram milliliter millisecond

micrometer microgram microliter microsecond

nanometer nanogram nanoliter nanosecond
MAR ...and many more!
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Metric System

Relationships can be obtained from prefix meanings; just replace the
prefix with its numerical equivalent

1 kilometer = 1000 meters (kilo = 103 or 1000)

1decimeter = 0.1 meters (deci=1070r0.1)

1 centimeter = 0.01 meters (centi = 102 or 0.01 - note that this is
equivalent to saying 100 cm = 1 meter)

1 millimeter = 0.001 meters (milli = 10-3 or 0.001 - equivalent to
1000 mm = 1 meter)

1 milligram = 0.001 grams (or 1000 mg =1 g)

1 milliliter = 0.001 liters=1cm3=1cc

1 microgram = 0.000001 grams (or 1,000,000 pg = 1 g) (micro =
106 or 0.000001)

MAR | nanogram = 0.000000001 grams (or 1,000,000,000 ng =1 g)

Physical Quantities

Measurable physical properties such as height, volume, and
temperature are called Physical quantity. A number and a unit
of defined size is required to describe physical quantity.

Unit

W

kilograms

MAR

Physical Quantities

Physical quantities measured using many different
units. Mass can be measured in pounds,
kilograms, ounces, etc.
To avoid confusion, scientists around the world
have agreed to use a set of standard units
known as the International System of Units or
ST units for some common physical quantities. ‘

Le Systéme

international d'unités

The Internationa

MAR

Metric System
Common “Bridges” Between English and Metric
Systems
UANTITY BRIDGE
Length 2.54 cm = 1.00 in
1.61 km = 1.00 mile
Mass 454¢ = 1.001b
Volume 1.OOL = 1.06qts

Try to use the metric system at all times!

MAR

MAR

l MAR

Physical Quantities

A number alone doesn’t say much!

Say an average textbook weighs 1.

The question would then be asked 1 what? 1 pound? 1
kilogram? 1 ounce?

You have to mention the unit of mass along with the
number for the statement to be meaningful.

SI Units

In SI Units,
* mass measured in kilograms (kg)
* length measured in meters (m)
* volume measured in cubic meters (m3)
e time measured in seconds (s).
Many other units derived from SI units.
e speed measured in meters per second
(m/s)
* density measured in grams per cubic
centimeter (g/cm3).
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. B
Measuring Mass >, & :
v Measuring Length
Mass is a measure of amount of matter in an object.
Weight is a measure of gravitational pull on an
object.
At the same location, two objects with identical
masses have identical weights (gravity pulls The Meter (m) is the standard measure of
them equally). length or distance in both SI and metric
Thus masses of objects determined by comparing system. One meter is 39.37 inches.

the weight of the object to the weight of a

known reference. Centimeter (cm; /199 m) and millimeter (mm;

/1000 m) commonly used for most
measurements in chemistry and medicine.

MAR MAR
Measuring Volume
Volume is the amount of space occupied by an }'\ Im
object. = 1 m®= 1000 dm?
3 . B 1dm®=1000cm® =1L
ST unit for volume is the cubic meter (m3) Tem®=1mL
Liter (L) is commonly used in chemistry.
1L=0.001 m*= 1000 mL N
A milliliter is often called a cubic centimeter \\f,‘l V"
1 mL=1cm3 %‘L{%‘I L
MAR

MAR

Scientific Notation Scientific Notation

Scientific notation used by scientists to express very large and very small
numbers in a compact fashion.

Example: Write 120,000 in scientific notation.
To express a number in scientific notation we rewrite the quantity as a
number (between 1 and 9) multiplied by 10 raised to a power (exponent) that
tells us how we moved the decimal point.

* Multiply the number by 100. (Remember 100 = 1)

* Move the decimal point to give a number between 1 and 10.

120,000 = 120,000 x 100 =1.2 x 105

Example: Write 0.0000012 in scientific notation.

» Every time we shift the decimal point to the left by one place we increase

the value of the exponent by one. 0.0000012 = 0.0000012 x 100 = 1.2 x 10-6

« Every time we shift the decimal point to the right by one place we reduce
the value of the exponent by one.
21}5‘. =215 x 102

Decimal point is moved two places to the left, so exponent is 2. MAR

MAR
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Scientific Notation

To express a scientific notation number as a non-exponential
"regular" number:

* Move the decimal point the same number of places as the value of the
exponent and eliminate the exponential part of the number.

* If the exponent is positive, we move the decimal to the right, to the
same number of places as the value of the exponent. (The result should
be a number greater than 1.)

« If the exponent is negative, we move the decimal to the left, to the same
number of places as the value of the exponent. (The result should be a
number less than 1.) 1.56 X 10~8 = 0.000 000 015 6

AAAI

Negative exponent of -8,

MAR so decimal point is moved to the left eight places.

Calculations Using Scientific Notation on Your
Calculator

Let’s see how you are at using your calculators. Try the following and don’t forget
about cancelling units where appropriate. Record your answers in scientific
notation, rounded to one digit past the decimal. (Rounding rule: 5 or bigger,
round up.)

1. (1.5 x105in2)(1.2 x 102 in) = ?
(It saves time to use your exponent button. EE, exp, 10%)
1.5EE5x1.2EE(-)2 [Enter] = 1800 in3 = 1.8 x 103 in® 1800 exact
2. 43 x105 ft /5.1 x 106 ft = ? (try this yourself!)

= 8.4 x 1010
MAR 8.43137.... E10

Measurement and Significant Figures

To indicate the precision of the measurement, the value
recorded should use all the digits known with
certainty plus one additional estimated digit
("doubtful digit") that usually is considered
uncertain by plus or minus 1 (+ 1)

The total number of digits used to express such a
measurement is called the number of significant
figures.

Example: The quantity 65.19 g has four significant
figures and 9 is the "doubtful digit"

MAR

MAR

Scientific Notation

Example: Write 1.23 x 108 in non-exponential form.
1.23 x 106 = 1,230,000
Example: Write 1.11 x 10-5 in non-exponential form.

1.11 x 105=0.0000111

Remember: If we make the exponent larger
we must make the number part smaller, and
if we make the exponent smaller we must
make the number part larger.

Measurement and Significant Figures

|

Every experimental
measurement, no matter how
precise, has a degree of
uncertainty because there is

]
a1

)

20

—_
a1

a limit to the number of
digits that can be
determined.

Ju
=2

a1

T T T AT 77T

MAR

Measurement and Significant Figures

( Uncertain digit

5407 g
A mass between 54.06 g and 54.08 g (+0.01 g)

{ Uncertain digit

54.07138 g
A mass between 54.071 37 g and 54.071 39 g (=0.000 01 g)

MAR
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Rules for Determining Significant Figures

1.

2.

MAR Significant Figures often abbreviated as "sig figs"
Test Yourself: How Many Significant Figures?
94.072 g Five sig. figs. (9,4, 0,7, 2)
0.0834 cm Three sig. figs. (8, 3, 4)
0.02907 mL  Four sig. figs. (2,9, 0, 7)
138.200 m Six sig. figs, (1, 3, 8,2, 0, 0)
23,000 kg Anywhere from two (2, 3) to
five (2, 3, 0, 0, 0) By default,
this would be two sig figs
23,000. kg Five sig. figs (2, 3, 0, 0, 0)
MAR
Rounding off Numbers

Zeroes in the middle of a number are significant.
69.08 g has four significant figures, 6, 9, 0, and 8.
Zeroes at the beginning of a number are not
significant. 0.0089 g has two significant figure, 8
and 9.

Zeroes at the end of a number and after the decimal
points are significant. 2.50 g has three significant
figures 2, 5, and 0. 25.00 m has four significant
figures 2, 5, 0, and 0.

Often calculators produce large numbers

as a result of a calculation although the
number of significant figures is good only
to a few numbers, less than the calculator
has produced

MAR

In this case the large number may be
rounded off to a smaller number keeping

only significant figures.

MAR

Rules for Determining Significant Figures

4. Zeroes at the end of a number and before an
implied decimal points may or may not be
significant. 1510 kg may have two, three, or four
significant figures. Zeroes here may be part of
the measurements or for simply to locate the
unwritten decimal point.

How Many Significant Figures?
—
- uncertain
digit 0.1
3 sig figs
MAR Thermometer

Rules for Rounding off Numbers

Rule 1 (For multiplication and divisions): The answer can’t
have more significant figures than either of the original

numbers.
Three significant
figures Three significant figures
278 mi -
—=——— = 23.8mi/gal
11.70 gal &

Four significant
figures

MAR
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Rules for Rounding off Numbers

Rule 2 (For addition and subtraction): The number can’t have
more digits after the decimal point than either of the original
numbers.

Volume of water at start —___ Two digits after decimal point

3.18? 2L =
Volume of water addded — + (0.013 15 L. <—— Five digits after decimal point

— 319? ?7L ~—

Total volume of water Two digits after decimal point

MAR

Factor-Label Method of Unit Conversions

Quantities measured in the lab usually have units (labels) which tell us the
type of measurement made.

For example:

5.2 cm - the unit (cm) tells us the type of measurement made is length.
16.237 g - the unit (g) tells us the type of measurement made is mass.

Often we must convert one kind of unit for a measurement to a different
kind. For example, we may need to convert 28 inches into a certain number
of feet. The factor-label method (also known as the dimensional analysis
method) uses conversion factors and units (labels) to solve problems of

this type.
MAR

Factor-Label Method of Unit Conversions

And yet another common example:

60 min = 1 hr is an equality which leads to two equivalent
conversion factors.

60 min _Lhr
1 hr 60 min
Other forms : 60 min = 60 min/hr = 60 min
per hr 1 hr

When you are new to the factor-label method, it is most helpful
to use the form that has a numerator and denominator term (and
not 60 min/hr)

Some conversion factors are considered exacr and have unlimited sig
MAR figs, but most conversion factors obey sig fig rules.

Rules for Rounding off Numbers

Rule 3: Once you decide how many numbers to keep, you may
need to round off your answer:

If the first digit you remove is between (0 and 4, drop it
and all remaining digits.

If the first digit you remove is between 5 and 9, round the
number up by adding 1 to the digit to the left of the one you
drop

Example: 2.4271 becomes 2.4 when rounded to two
significant figures

Example: 4.5816 becomes 4.6 when rounded to two
significant figures

MAR

Factor-Label Method of Unit Conversions

Conversion factors are fractions that relate two kinds of units. One way in
which they may be obtained is from equalities.

For example: 12 in = 1 ft is an equality which leads to two equivalent fractions
(conversion factors) generated by dividing one side of the equality by the other side.

12in A ft
1ft 12in

Another common conversion factor: there are 4 quarters in a dollar ($):

4 quarters 1$
1$ 4 quarters
These two quantities These tw tities
N> lkm . 06214 mi 7
MAR 0.6214 mi 1km

When solving a problem, set up an equation so that «a//
unwanted units cancel, leaving only the desired unit. For
example, we want to find out how many kilometers are there in
26.22 miles. We will get the correct answer if we multiply
26.22 mi by the conversion factor km/mi.

1 km
26221 X ———— = 4220k
"7 06214 mi o
T T T 42.195043....
Starting Conversion
quantity factor

MAR
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Some Exact Conversions Test yourself: How many hours in 3.5 weeks?
1 km = 1000 m = 105cm = 102 nm
Length ~ 12in=1ft 5280 ft =1 mile
lin=2.54 cm

Wk lem3=1mL 1000mL=1L

P 1 g=1000 mg 1kg =1000 g

These conversions have unlimited sig figs by definition.
Most other conversions inexact... and follow sig fig rules!

MAR MAR

Test yourself: How many quarters will a tourist need to travel How do we measure the volu
555 km? Car: 22 miles per gallon, gas: $1.37/gallon, 1.61 km = M umetric

1 mile of a liquid? flasks

Beaker (left), graduated cylinder (right)

muume TooLow
=
-

~
Accurste Volume.
at Eye Level

—
-
_—
& Volume Too High

read volume from bottom of meniscus at eye level

UL il
/

MAR MAR

1 Test yourself: Mercury has a density of 13.6 g/mL.
DenSIty How many L of Hg are there in 42.7 kg of Hg?
Density relates the mass of an object with its volume.

Density is usually expressed in:
+ Gram per cubic centimeter (g/cm?) (solids)
+ Gram per milliliter (g/mL) (liquids)

Mass (g)
Density = ————
Volume (mL or cm3)

MAR MAR
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Measuring Temperature h i

Boiling water ~ ----- 212 ----- 100 @ ----- 373.15
Temperature, the measure of how hot or cold an
object is, is commonly reported either in Fahrenheit
(°F) or Celsius (°C). The SI unit of temperature is,
however, the Kelvin (K).

----- 986 --—-- 1l 37 --—-- ) 310

————— 32 ----- Mo ----- Pl 273.15

Kelvin temperatures are a/ways positive and they

77777 -4 s -20 - 253

do not use the degree (°) symbol. “Crossover point” ~--=-| =40 === 10 R 23
Kelvin used in calculations, Celsius in the lab. o

Temperature in K = Temperature in °C + 273.15 fabrenbeit (B Celies () B

Temperature in °C = Temperature in K - 273.15 Comparison of the Fahrenheit, Celsius, and Kelvin Scales

MAR MAR

Test yourself: Mars often has temperatures around -70. °C.
. . . Express this in K and °F.
Converting between Fahrenheit and Celsius g

scales is similar to converting between different
units of length or volume.

The following formulas can be used for the
conversion:

oF = 1.8 x oC + 32 oF
oC = (oF —32 °F) / 1.8

MAR MAR

End of Chapter 1
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