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Elements, Atoms & Chemical Symbols

VilA

|
\ ! Periodic Table of Elements ’
Elements: Substances that can't be kel . T
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Atom: The smallest unit of an

|

I q K[ G S Tl V| Cr(MafFe|Co| Ni|Culn|fGalfGel|lAs|Se]|Br/|K
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- Begins with one or two letters based on
elements name.

Lanthanides *

|wihinnéy

Actinides **

- ﬁ’: What if there is more than one element

at starts with the same letter? e
- Example: Carbon (C), Calcium (Ca), WATCH THIS! Daniel Radcliff (Harry
Chlorine (Cl) Potter) sings “The Element Song”l

Image: Periodic Table of Elements From the Virtual Biology Classroom on ScienceProfOnline.com




The Structure of an Atom Here are some

. o - examples:
Atoms are the basis for everything in the universe.
IT°C LIKE THIC...
Q: What are the three basic parts of an atom? O tron (o1
oy ( ton (+)
. ? ="+ positive charge. ( preren
Part of the atomic nucleus. \ Medten©@
Repel each other. S =7
. ? = neutral (a charge of zero). . ?gﬁagé.‘ -
. NO R& —
Part of the atomic nucleus.
Separate protons, making an atom more stable. poskIEER LAY 3 ¥
uwﬁéh‘ggﬁ S i
L2 = negative charge.

+ 6 neutrons

Orbit nucleus in different shells, or energy levels.

The thing that makes each element unique is the number of
@ electron

protons, since the number of neutrons and electrons can
VC(r'y. @ proton
Carbon atom O neutren
Q: If there is an equal number of electrons and protons in NERDY SCIENCE JOKE: A
an atom, what is it's charge? neutron waiks into a bar and
asks "How much for a drink?"
Q: What does the bartender
tell him?

Images: Structure of Atom, Chem4Kids ) )
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Protons & Neutrons:
Atomic Number, Mass Number & Atomic Mass

Atomic Number: The number of protons in Number of Pt
the nucleus of an atom. umBer ot Frotons
\

6 12011
] Symbol-—C
Atomic Mass: (aka atomic weight): The atomic mass
of an element is rarely an even number. This happens Carbon— Element Name
because of the isotopes.

Q: What is the atomic number of carbon?

Many elements occur as isotopes. They vary in the # Atomic mass is calculated by figuring out

i
of neutrons they have. the amounts of each type ofatorms
isotopes there are in the Universe.

When an atom has a different number of protons and Example: For carbon, there is a lot of

neutrons, its nucleus becomes unstable. C-12, some C-13, and some C-14 atoms.
When you average out all of the masses,

Q: What is the atomic mass of carbon? you get a number that is a little bit

higher than 12 (the weight of a C-12
atom). The average atomic mass for

Mass Number: The number of protons, plus the Carbon is actually 12.011.

nhumber of neutrons. Let’s listen to part of the Radiolab
podcast episode ‘Elements” (starting at
Q: How do we know the mass number, if the number of time 35:00) fo learn more about the

neutrons in an element may vary? Lets look at out Lab Exercise interesting new use of C-14.
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Energy

Isotopes & Radioactivity

Radiation

Radioactive

* TIsotope is radioactive if nucleus is unstable. Atom 5

Particle
Most isotopes disintegrate spontaneously with the release

of energy by processes of nuclear or radioactive decay.

When the nucleus changes in structure, energy and/or subatomic particles are
given of f.

Other than radioactivity, isotopes of an element behave similarly: They can
participate in molecule / chemical reactions that involve that element.

When controlled, radioactive isotopes can be valuable medical tools. (Ex. Gamma
camera can produce images of soft tissue when radiopharmaceuticals are injected into or ingested by
patient.)

Schizophrenic female

2. Female with depression

3. Healthy female

From the Virtual Cell Biology Classroom on ScienceProfOnline.com




What about electrons?

In a neutral atom, there are the same number of

protons (+) and electrons (-).

Electrons orbit around the atomic nucleus in shells.

The inner shell of an atom, closest to the nucleus, can
have a maximum of two electrons.

The outermost shell is called the valence shell.

Eight (8) is the max number of valence electrons

for a full valence shell.

Number of valence electrons governs an atom's bonding

behavior.

Atoms are much more stable, or less reactive, with a full

valence shell.

By moving electrons, the fwo atoms become linked. This
is known as chemical bonding.

Images: Carbon, Universe Today Website

6 protons
+ 6 neutrons

G electron

@ proton
O neutron

Carbon atom

See Rader's Chem4Kids web
page on the Periodic Table.
Their explanations are
extremely helpfull

From the Virtual Biology Classroom on ScienceProfOnline.com




m‘g'“s
| valence 4 \ulcmxs

Dmitri
Ivanovich
Mendeleev

Russia
1871

Dmitri Ivanovich Mendeleev
(1834 -1907)

Russian chemist and inventor.

Formulated Periodic Law.

Created his own version of the periodic table of
elements, and used it fo correct the properties
of some already discovered elements and to
predict the properties of eight elements that had
not been discovered yet.

Image: Periodic Table of Elements

The Periodic Table

Group-.1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
| Period

| 2
Ly He
2T4 51067189110
Li'|| Be BICI|N|O|F]|Ne
3 11112 13(14115]161/ 17 18
Na || Mg A Si|| P (S| CIAr
4 191020121 (122 (123124 (12526272829 30|31 |[32 ({3334 /35|36
K{[Cal| Sc| Ti|VI|Cri{Mn|Fe|ColfNi{CulZn|Ga|Ge| As| Se/| Br| Kr
5_3738 391(40 (|41 (142 (1434445 46| 47| 481 49| 50 |[51 |[52 |53 |54
RO Sri| Y || Zr ([Nb (Mo Tc | Ru| Rh|Pd|Ag| Cd{ In{Sni|SbiTei I ||Xe
6_55—56*727374757677787980818283848586
Cs | Ba Hf || Ta || W |[Re|[Os|| Ir || Pt || Au(/Hg| Tl ||Pb| Bi| Po| At| Rn
7 [871( 88 . 104(/105(/106//107/(108|/109|[110{[111|[112|[113|{114|{115|{116|117(118
Fr | Ra Rf |{Db{| Sg (| Bh || Hs || Mt || Ds || Rg || Cn |[Uut|| FI |Uup|| Lv ||Uus|{Uuo

575859606162 63| 64| 65| 66| 67| 6869|7071

¥ |'La| Ce| Pr|[Nd|/PmSm| Eu| Gd| Tb Dy |({Ho | Er{[Tm| Yb| Lu

Kk 89(190(9192/93/94|95| 961 97|98 ({99 ||100(101(102/103

Ac || Thi{|Pa| U || Np| Pu|Am{Cm| Bk |{ Cf || Es |[Fm| Md|/No | Lr

Listen to Radiolab podcast segment on Mendeleev and the

periodic table from the episode

"Yellow Fluff and Other Curious Encounters"”
(starting at 4:30 into the podcast).

Go to the SPO Virtual Biology Classroom to find a homework

assignment based on this podcast.

From the Virtual Cell Biology Classroom on ScienceProfOnline.com




How can I determine the number of electron shells? Period | ‘

Electrons in an atom are located in different Go-l 2 3 4 56 7 80U BUBIEL
shells or energy levels. erod B
2

Each ROW of the periodic table is called a Period. I e
JN6 (78910

Period Rule 1: All of the elements in a Period I[ B[ CJLNJO] FNe
have the same number of electron shells. 3M M

20 23(241(25(26(2728(129(30 3113233343536
Ti |l V| Cr {(Mn1{ Fe {| Co |l Ni {| CullZn | Ga (| Ge [ As | Se | Br | Kr

40411142 (43 (44 (45 46| 471 48 49| /50]51 |52 |53 | 54
Zr |[Nb (Mo Tc |\ Ru ([ Rh | P { Ag | Cd [ In || Sn{fSb i Te I | Xe

TOIT3|(TA{ 75 761 7778 {79 (180 | 81 82|83 | 841 85 86
HE | Ta || W (| Re{ Os| Ir (| Pt || Aul(Hg | TI { Pb Bi|lPo || At || Rn

104/1105/1106/1107]1108}, 109 110{ 111 |112(\1131114|1115/116{117|118
RF {1 Do {| Sq | Bh (| Hs || Mt |\ Ds || Rg || Cn{jUut| FI {Uup] Lv |lUus|Uuo

For example, every element in the top row (the first
period) has one shell for its electrons. All elements in the
second row (the second period) have two shells for their
electrons.

Period Rule 2: As you move down the table, every
row adds a shell, up to seven.

Period Rule 3: The innermost (closest to the

nucleus) shell of all atoms (other than hydrogen) MRFRGRRREGE G
has two electrons. % 11a/| Ce [ Pr| Ne |Pm S| Eu |G| To | Dy | Hol| Er [Tm| Yb | Lu

» 8911901191192 (93( 941 95( 961979899 100 101 102(103
Period Rule 4: The electrons in the outermost Ac/({Th{ Pa | U |[Np{/Pu | Am//Cm||Bk | Cf | Es |Fm|Md|No | Lr

shell are called valence electrons.

Image: Periodic Table of Elements From the Virtual Biology Classroom on ScienceProfOnline.com




How can I determine the number of outer shell electrons? Group! msp

Electrons in the outermost shell are called

Group-
valence electrons. op-1 2 3 4 5 6 7 8 9 1011 1213141511718

| Period

1 2
Each COLUMN of the periodic table is 1 He|
called a Group. I 7] HEEBERN
B /N0 ] F N
Group Rule 1: All elements in the same 3|4 151617 18
Group (vertical column) have the same N | | £ ) 1 L
251262712829 30131 (3233341 35] 36
number of valence electrons. i e o ) o ) G e s 5 1 |
: Q43444546 7] 48 4950 |5L][52] 53 |54
Group Bule 2 As you move across the T |Ru| | P g cd o 0 50 1 | e
‘rable,. (.lgnormg columns 3 - 12, the MARERERRRRERREE
transition elements) every row adds a Re | Os | I | Pt | Aul Hy | 1 | Pb | Bi| o At Rn
valence electron, up to 8. TR e T T T TS T e
B0 [ s | Mt Ds | R Cn Uut] R [Uup] Ly | us| o
Key! If you know the number of shells and - -
valence elecTr‘onS,you can draw an " 57(58(59 60 ( 6162163 | 64 | 6566 | 67 ( 6869 70 71
electron shell diagram for any of the non- ;; ;: %% ';r;‘ SQT ;‘; g: ;__;’% ';; liro Igl 1Y0b2 1L0”3
transitional elements. o g [T o U o Pu i o Bt 1|65 ) o
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Remind me why we care about these
valence electrons...

Number of valence electrons governs an atom's

bonding behavior.

Eight (8) is the max number of valence

electrons for a full valence shell.

Atoms are much more stable, or less reactive,

with a full valence shell.

By moving electrons, the fwo atoms become
linked. This is known as chemical bonding.

This stability can be achieved one of two ways:

- Tonic bond
_ Covalent bond

Images: Carbon, Universe Today Website

6 protons
+ 6 neutrons

Q electron

@ proton
O neutron

Carbon atom

See Rader's Chem4Kids web
page on the Periodic Table.
Their explanations are
extremely helpfull

From the Virtual Biology Classroom on ScienceProfOnline.com




Let's listen to "The Periodic Table: Rapping the Elements”

1 18
[y VillA
1 H H H

I u Periodic Table of Elements He

s gen ? #25°C, Jaam (3083 W) n " 1% ”® | B etam
1 008 A 1A WA VA VIA VA 4003
3 0 1 € AZomC Number Solig Lquse Gas  Synthetic 8 8 7 5] 1) 10

il U Be H  [¢ atomc symbol Li Hg N Tc B C N 0 F Ne
Ut toytum rpdeogon | ¢ Nome Mawr Greup Metah Metalody Borin Caron Mirages Oupgen Vo ve Neon
6541 9012 1008 | Atomec Mass Trarsiten Mitals Em«m-m 10811 12.011 14.007 15959 18658 20130

1 12 over. Tranatan Metals F . 5 3 7 %

i Na | Mg Al Si P S Cl Ar
Sodum Wagrerum i « s ) r . ] 0 n u Mwirure Sheon Phonphores Solfar Cricrrw Zegoe
2299 | 24305 ne e ve i vile . VIl . ” 8 26982 | 23086 | 30974 | 32066 | 35453 | 9.8

% (@ = 72 b1} 3% % 35 |56 3 ) 3 i 5%

i K Ca | Sc \' Cr | Mn | Fe | Co | Ni | Cu | Zn | Ga | Ge | As | Se | Br Kr
Porswsan Ceim Searihan Tharses Veradin | Ovenum | Mirgeres Vo Cwtelt Nobe Cepwer e Gt han Cow mmaryasm Atwerm Soe ornaenn [ an
39058 | 40078 | 4495 | 47867 | 50542 | S1996 | S4938 | 55845 | 58933 | S8693 | 63546 | 65390 | €9.723 | 12590 | 4922 | 78960 | 75904 | £3200

[37 |3 E 20 41 42 43 44 45 |46 47 48 43 50 51 2 53 e

si Rb Sr Y/ Zr | Nb | Mo Ru | Rh | Pd | Ag | Cd In Sn Sb | Te | Xe
ha3am wercum AT Rrodar. P et Sl Latmaam dun T Artimary Trluum (=T ancn
85468 | 87620 | £3.906 91224 | 92906 | 955940 101070 | 102906 | 106.420 | 107.868 | 112411 | 114818 | 118.710 | 121.760 | 127600 | 126904 | 131.290

'ﬂ 13 B 1 3] S |86

of Cs | Ba La b Hf | Ta w Re | Os Ir Pt u | Hg Tl Pb Bi Po | At Rn
Cmarny B Lestharves v b{ v Ll Owrvan ebum Patirnrs Gkl Marcwry Thatum oo Bnes e Avwre Racden

| 138,906 | x 183840 | 186 20 04 38 08982 | 207987 !mou;
1| Fr Ra Ac
frmcien | matem | Aanum r. “ U them
123
Lanthanides * Dy
Larthanman OV pros an
Actinides **
Actingss
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Chemical
Bonds,
Reactions

& Notation

Making

Molecules & _
Compounds e+ 20, (0; + 20
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Chemical Shorthand

H

I Periodic Table of Elements =
£+ 'l_(‘!m'l(?\ﬂbil Solig l'ﬂ;” ‘:‘a" S:YVRN '; S“I,; d JA V’;‘ ')v;A Tlﬂj;i:—
) U | Be H [ tomic Symbol L H N Tc B C N 0 F Ne
Chermcal Symbol % | == s B = | |5 | |
) Na | Mg Al | Si P S C | A
Begins with one or two letters based on IR - P A
. w1 W i %
elements name. K| a|s Ti | V| cr|Mn| Fe[Cof Ni|Cul2n|Ga|Ge|Aas|Sel|Br|Hke
oo | soom | esss 03 | %0 | S1e% | ‘soonm | semes | sacms | shin | extas | s | arms | oioo | ecns | e | e | 4300
e v 2 [N | Mo Ru [ Rn [ pd [ ag | cd [ m | sn :ib’ T “J‘ “5:
- Q: What if there is more than one element that ‘:‘ : : ’:‘ *:“ *: - ,,:: o w:» A u;m u:b m .: EAE
. § L a I Au | Hg At | Rn
starts with the same letter? A A A B P P A EATA P R A FA KA e e
1 F’ Ra Ac o 1! 1 i i 1! il il
5)| (227, (261 262 14) A
- Example: Carbon (C), Calcium (Ca), Chlorine (Cl)
Lanthanides *
Acnr?ides"

Chemical Formula

"Shorthand” for a compound.

- Contains chemical symbols of the elements that make up the molecule.

- Numerical subscripts represent number of atoms of each element in molecule.
Example: H,0 = water, has two hydrogen atoms and one oxygen.

- More than one molecule of same type...the group of letters is preceded by number.
Example 2H,0 = two water molecules.

Image: Periodic Table of Elements From the Virtual Biology Classroom on ScienceProfOnline.com




Elements, Atoms, Molecules & Compounds

E Iemem’s — Substances that can't be broken

down Gny fur‘Thel". I Periodic Table of Elements H
=R Y
— e :
)| U | Be wmh-w i Hg N T 8
. & | o8 [¢ e s gr:;:t::x:' e it
- Afom — Th llest unit of an element
Mg Al
e smallesT unitT or an element. Sl . 4 oo et 3 g g8l
[ — 1] [ & 7 v T 3
i K| C | S Ti|V|[C |Mn|Fe|Co| N [CufZn][Ga
o | | e o | o | o |
- = e e e e o ¥
. . . s) Rb | S | Y Zr | Nb | Mo Ru [ Rh | Pd | Ag | Cd [ In
A IO | C D) el Tl Ll o || LR G| S el
© m toms joined togeth hemically: ARAdAAEAAASANN
WO or more ato oine ogetner cnemically. Fes [ [ [+ o [ o [w [ 0e [os [ |7 [ o [0 [ %0 [ [ %o [ |
i | 3730 | Ywooe mm&wmmm,mmmmﬁmm
(1 3 & (30108104 165 107 108 168" 10 It (1] 1) [ £
of Fr [ Ra | Ac | **
o ecu e o s | e e oo e e B o e
3 W & ) [ [ [ [ 23 @ [ 2] [
Lanthanid Ce | Pr| Nd Sm | Eu | Gd | To | Dy | He Er [Tm | Yb [ L
""""" o o e | i | e e e |t | 5, | o
UINIS S SO0 ple RN Juim s e
Actinid Th| Pa| U
,,,,, A 2 B e e e e =
232038 | 231,036 | 238029 | 237048

* Molecule containing at least two different
- Elements: Compound

- Examples of molecules: Carbon dioxide (€O,) and methane
(CH,) . molecular hydrogen (H,), molecular oxygen (0,) and
molecular nitrogen (N,).

- Examples of compounds: Only molecules containing two or

more elements, such as carbon dioxide (€0O,) and methane
(CH,).

*  Q: Explain why all compounds are molecules but not all /‘/ydrogeo
molecules are compounds.

Image: Periodic Table of Elements; Water Molecule, Wiki From the Virtual Biology Classroom on ScienceProfOnline.com




Images: Carbon, Universe Today Website

Chemical Bonding and Electron Valences

The electrons in an atom are located at different energy

levels.

Electrons in the highest energy level are called valence
electrons.

Number of valence electrons governs an atom's bonding
behavior.

Q: What is the max number of valence electrons for a
full valence shell?

Atoms are much more stable, or less reactive, with a full
valence shell.

By moving electrons, the two atoms become linked. This is
known as chemical bonding.

This stability can be achieved one of two ways:

- Tonic bond
- Covalent bond

6 protons
+ 6 neutrons

Q electron

@ proton
O neutron

Carbon atom

Watch Video:
Bill Nye
The Science Guy
on Chemical Reactions

From the Virtual Biology Classroom on ScienceProfOnline.com




Compounds Have Their Own Properties

Compound has physical and chemical characteristics unique from the elements
that make it up

Example: NaCl

I

Sodium Metal: Na Chlorine Gas: Cl Sodium Chloride: NaCl

Click here to watch this reaction in action!

From the Virtual Biology Classroom on ScienceProfOnline.com Image: Sodium Metal, Chlorine gas, Sodium Chloride in shaker, Wiki




Types of

Chemical ’
Bonds: P I o 9

Na F

1. Ionic "y "y

2. Covalent

Image: Formation of ionic sodium fluoride, Wdcf From the Virtual Biology Classroom on ScienceProfOnline.com




IOﬂiC Bonds Click here for Ionic
Bonding Animations

Involves transfer of electrons between two atoms.

Found mainly ... inorganic compounds.

+ -
Na* CI-
Sodium atom Chlorine atom Sodium ion Chloride ion
X (a cation) (an anion)
N
Sodium chloride (NaCl)

Copyright © Pearson Education, Inc., publishing as Benjamin Cummings.

Ton = an atom or group of atoms which have lost or gained one or more electrons,
making them negatively or positively charged.

Q: What are positively charged ions (+) called?
Q): What are negatively charged ions (-) called?

From the Virtual Biology Classroom on ScienceProfOnline.com




Tonic compounds are made of
oppositely charged ions

Images: Halit crystal, Crystal structure of NaCl, Wiki

+ Tonic Bonds are atoms
held together by
attraction between
a(+)and a (-) ion

+ Compound is neutral
overall, but still charged
on the inside.

*  Makes solid crystals.

From the Virtual Biology Classroom on ScienceProfOnline.com




Everyday Science

Reactions Involving Tons

Remember... ion = an atom
which has lost or gained
onhe or more electrons, so
it's negatively or positively
charged.

The Principle of
ion exchange

IS a commoh water
softening method.

HARD WATER
Softener
% Resin Tank
Depleted .."
Resin Beads e ¢ )
oo o Partially Depleted
1 Resin Beads

Charged
Resin Beads..

— lon Exchange
Resin

++ n Magnesium lons
++ "7 Calcium lons

e Sodium lons

SOFT WATER
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Lets use a Branganalogy to help us Understand

the Concept of Ton Exchange...

1. Brad Pitt is a negatively 2. Jennifer Anniston is a

3. Angelina Jolie i itivel
charged resin bead positively charged Sodium lon ngetina Joie 1S a positively

charged Calcium lon

Na+ Now lets say that
‘positiveness’
<«—— equateswith —»
‘drop-dead
gorgeousness’




Importance of Ions/Electrolytes in the Body:
K* Na*, CI-

cell body myelin sheath muscle fibres

direction of nerve
impulse

* Carry electrical impulses
in the nervous system Iz

axon shortened
here

*  Maintain cellular function _ axon
with the correct renenes

concentrations
electrolytes

- Watch Thisl!
"Brawndo" Video Clip

from movie Idiocracy.

Image: Motor neuron, Wiki From the Virtual Biology Classroom on ScienceProfOnline.com




Types of
ngmical
Bonds:

1. Ionic

2.Covalent

Image: Covalent Bond H2; Methane Covalent Bonds, Dynablast, Wiki;

H:H
H-H

From the Virtual Biology Classroom on ScienceProfOnline.com




Covalent Bonds

Involves the sharing of a pair of electrons between atoms.
One covalent bond = 1 pair of shared electrons.

Covalent Compounds can make single (2 electrons), double (4 electrons) or even triple
bonds (6 electrons) depending on the number of electrons they share.

Found mainly ... organic compounds

) "'N"lun
o P
nuclues- c
? : “electrons Hydrogen ™~ .
H:H ) * ™~
L] h , . .
" H-H [::}? nucleus- Hydrogen |
(23:" Oxygen Fnrrx\

Levels
w If combined you get...

Because the Oxygen and Hydrogen are shaning two

: ,".‘ electrons. It has two have two Hydrogen Atoms , because
I~ . Hydrogen only has one electron.

@® Electron from hydrogen
® Electron from carbon

Image: Covalent Bond H2; Methane Covalent Bonds, Dynablast, Wiki From the Virtual Biology Classroom on ScienceProfOnline.com




Polar vs. Non-Polar Covalent Bonds

Polar molecules unequally share
electrons between atoms, so have a
slight positive charge at one end and a
slight negative charge at the other.

/ Weakly negative \

/8+

(a) Planetary model of a water molecule

Weakly positive

(b) Three-dimensional model (c) Structural formula for
of a water molecule water molecule

Image: Polar water molecule, Non-polar methane molecule, Wiki

Non-polar molecules have
electrons equally shared
between their atoms.

Y {0

® Electron from hydrogen
® Electron from carbon
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Water is a very common covalent
compound. The lines between the
O and H’s indicate a covalent bond

N @

Click here to watch a video that compares
Tonic and Covalent Bonds!

Image: 2-D diagram of H20 molecule,
3-D diagram of Water Molecule, Wiki From the Virtual Biology Classroom on ScienceProfOnline.com




Oxidation - Reduction Reactions

- Or Redox reaction =

chemical reactions in
which electrons are
gained, lost (Q: what kind of
bond?) Or shared (Q: what kind of
bona?) iIN @ chemical reaction.

oxidation: loss of
electrons by a molecule,
atom or ion.

reduction: gain of
electrons by a molecule,
atom or ion.

From the Virtual Biology Classroom on ScienceProfOnline.com

Reduced compound A Oxidized compound B
(reducing agent) (oxidizing agent)

B is reduced,
gaining electrons

A is oxidized,
losing electrons

\I
y
\
W
‘l‘\\ 6
ey
N

o A eB
Oxidized Reduced
compound A compound B
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If combined you get..
H-0
(1)
0 @
/? Because the Oxygen and Hydrogen are shaning two

electrons. It has two have two Hydrogen Atoms , because
Hydrogen only has one electron



Oil Rig

Reduced compound A Oxidized compound B
(reducing agent) (oxidizing agent)

6
A By
@ i
Ais oxidized, B is reduced,
losing electrons gaining electrons
'~| TN Oxidized  Reduced
e | compound A compound B

Image: Oil Rig Platform, Nasa From the Virtual Biology Classroom on ScienceProfOnline.com




Chemical Bonds hold molecules together,
but can be broken during a chemical
reaction

P
®s

CH4 + 202 Fe— COZ . i 2H20

Reactants are the starting materials
Products are the end materials

From the Virtual Biology Classroom on ScienceProfOnline.com Image: Combustion Reaction of Methane, Wiki




Simple Reactions Types

Small molecule =+ Small molecule neay Large molecule -+

Hi{ »{( »on+u{ ) oH = I ¢ € H»{ Hon+ &
H,O

(a) Dehydration synthesis

. ( OH + & f» ‘ OH 4+ H OH

Large molecule Energy Small moleCule + Small molecule

(b) Hydrolysis

Copyright © 2006 Pearson Education, Inc., publishing as Benjamin Cummings.

From the Virtual Biology Classroom on ScienceProfOnline.com




REVIEW!

Animated lessons on Chemical Bonding:
1. Ionic vs. Covalent Bonding
2. Chemical Structures & Bonding

9 water\r'nolecule Q\
! ! Q d d
Na F ‘ \ ..
\ W .0 0. » ’ Q hydrogen band Q

Image: Methane Covalent Bonds, Dynablast;
From the Virtual Cell Biology Classroom on ScienceProfOnline.com Formation of ionic sodium fluoride,
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Tons: Acids & Bases

An acid is any ionic
compound that releases
hydrogen (H")
in solution.

A base is any ionic
compound that releases

hydroxide (-OH)
in solution.

‘W
‘W=

From the Virtual Biology Classroom on ScienceProfOnline.com




Measurements of Acidity & Alkalinity (pH)

Acidity of a solution > measured
by concentration of hydrogen
lons (H+) vs. hydroxyl ions
(OH-).

pH ranges: O (very acidic) to 14

(very basic).

pH scale is logarithmic.

Change in just one unit of scale
= tenfold change in H+
concentration.

If concentration of H+ = OH -
.. heutral.

Images: pH scale, Edward Stevens, Wiki
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pH scale is logarithmic

h’able 1. Correlation of pH wvalues and Hydronium ion concentrations

EH szronium ion concentration (moles/L]

1 A (1 x 101"

2 01 (1 x 1073

3 001 (1 x 109

Change in 4 0001 (1 x 104
JUST one uni.I. 5 00001 (1 x 105
Of SCG'@ 6 000001 (1 x 109

- TenfOld 7 0000001 (1 x 107
Change in H"‘ 8 00000001 (1 x 109
ConcenTr'C(Tion 8 000000001 (1 x 109
10 0000000001 (1 x 109

. 11 00000000001 (1 x 10

12 000000000001 (1 x 102

13 0000000000001 (1 x 109

14 0000000000000 (1 x 10"

Image: pH & hydronium ion concentration, UBC Wiki From the Virtual Biology Classroom on ScienceProfOnline.com




More
Examples
of pH
from
Daily
Life

Images: pH scale, Wiki

14

I3

2

1

k=)

BASE

Neutral

ACID

Examples

Liquid drain cleaner
(pH=14)

Bleaches, oven cleaner, lye
(PH=13.5)

Acrmmonia solution
(pH=10.5—11.5)

Baking sod=a
(pH=9.5)

&7‘ Sea water
(pH=2)

Bloodad

(pH=7.3)
Milk, wurine, saliva
(PH=6.3—6.6)

Black coffee
(pH=5)

G rapeaefruit juice, soda,
tomalo jusce
(PpH=2_5_3.5)

Lemon jusce, vinegar
(pH==2)

Baltery axcad, hydrochloric axcid
(pH=0)
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Acid/Base Balance

pH balance is important to
homeostasis of organisms.

Homeostasis = tendency of the
body to maintain a balanced
internal environment, even when

faced with external changes. such
as the body's ability to maintain an internal
temperature around 98.6 degrees F, whatever
the temperature outside.

Examples:

- Digestion needs acidic
environment (pH 2-3)

» Urine is slightly acidic
*  Blood must stay in neutral range
near 7.35 to 7.45

Images: pH scale, Edward Stevens, Wiki
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in Biology

Bleach

Soapy Water
Ammonia Solutic
Milk of Magnesia
Baking Soda

Sea Water
Distilled Water

Urine

Black Coffee

Tomato Juice

Orange Juice

Lemon Juice

Gastric Acid

Acids, Bases & You,
and in-depth YouTube
video.
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Ions & Salts

Compounds that dissociate in water and
produce cations other than H+ and
anions other than OH- are called salts.

The most familiar salt is sodium IONIC BONDS y
chloride, the principal component of -
common table salt.

Other examples of salts:
Baking soda (NaHCO3)
Epsom Salts (MgSO4)

From the Virtual Biology Classroom on ScienceProfOnline.com




Salts: The Role of Buffers

- Certain salts, called buffers, can

combine with excess hydrogen (H+) or
hydroxide (OH-) ions.

- Produce substances less acidic or RS
alkaline. Y w5
-
- Act like a chemical sponge to soak f .
up excess acid or base, keep pH
constant.

- Buffers can be "used up”. Once used up, no longer help regulate pH.

- Buffers are vital to maintaining pH in organisms.

+ Example:
Antacids are buffers made of the salt calcium carbonate (CaCo3).

Images: Antacid Tablets, Wiki From the Virtual Biology Classroom on ScienceProfOnline.com




REVIEW!

Interactive animated lessons on

pH: Acids & Bases

and

Buffers

\-/ p\-/
\-/ »\-/
Image: Methane Covalent Bonds, Dynablast;

From the Virtual Biology Classroom on ScienceProfOnline.com Formation of ionic sodium fluoride,




Organic Chemistry

From the Virtual Biology Classroom on ScienceProfOnline.com Image: DNA, Richard Wheeler




? Inorganic vs Organic Molecules P

- Inorganic Molecules >
Molecules that don’t have
Carbon Hydrogen (c-H) bonds.

»  The major
organic macromolecules (big
molecules with carbon-hydrogen bonds)

found in living things are:

1. carbohydrates
2. proteins

3. nucleic acids ® Electron from hydrogen

4. lipids @ Electron from carbon

From the Virtual Biology Classroom on ScienceProfOnline.com Image: Methane Covalent Bonds, Dynablast, Wiki




6 protons
+ 6 neutrons

Carbon
Little Atom, Big Deal

The chemical basis of life. Abundant in all

G electron

@ proton

: neutron
known life forms. Carbon atom 9
Essential to complex organic macromolecules,
because each carbon atom can form III ITI IFI Pll Ili PII
bonds (usually involving hydrogen , oxygen and/or — O—C—C—C—(C—(C—
nitrogen). e ek galon wle 2l &d
H HHHHH
: : Polyolefin
Able to form polymer's (big organic molecules).
*  The atoms can bond with each other to form long H
chains. |
AN
Sometimes the ends of these chains join fogether Ry -
to form a ring. || |
Lo ON T T
Double bonds form when atoms share two pairs |
of electrons (two covalent bonds). H

From the Virtual Biology Classroom on ScienceProfOnline.com Images: Carbon, Universe Today Website




Study Table of Organic Macromolecules

(We will fill this in as we go through the rest of the lecture.)

Macromolecule Made of Is there What are the Examples
(polymer) what type of | another name | main elements
monomer? for this in this
polymer? macromolecule?
1.
2.
3.
4,

From the Virtual Biology Classroom on ScienceProfOnline.com




Organic Molecules
Carbohydrates

- “carbon” - hydrates"

» One carbon molecule to one water
molecule (CH.O)n.

- saccharide is a synonym for
carbohydrate.

You probably know
that jelly beans are
full of refined
sugars...carbs. You
may not know that
boogers contain

OH OH carbs as well.
(@) (D % Boogers are dried-up
HO mucus and dirty nose
OH O OH debris. Mucus is
made mostly out of
OH sugars and protein.

* The prefixes on the word
"saccharide" relates to the size of
the molecule (mono-, di-, tri- poly-).

HOoOHO

Images: Jelly beans, T. Port;
Giraffe picking nose with tongue, Sucrose moleculee Wiki From the Virtual Biology Classroom on ScienceProfOnline.com




Organic Molecules - Proteins

Proteins are macromolecules, polymers Amino acid 1 Amino acid 2
composed of monomers called... R R
1\ C//O 2\ /O
. . ‘H/ Cc— \ tI’ C—C/
Amino aCId§ contain a: NH OH N \OH
1. base amino group ( -NH,) 2 H
2. acidic carboxyl| group ( -COOH) 5
R 0
3. hydrogen atom 1N ICI X C,/ o
HC— H’C— Dipeptide
..all attached to same carbon atom (the a - R N~y \OH
NH NH
carbon...alpha carbon). 2 ,
Peptide bond
4. Fourth bond attaches a-carbon to a side
group (--R) that varies among different Essential amino acids:
amino acids. Cannot be synthesized by the
body. They must be ingested in
Side groups important ... affects the way a the diet.
proteins amino acids interact with one Arginine * Histidine * Methionine* Threonine *
another, and how a protein interacts with Valine * Isoleucine * Lysine * Phenylalanine *

Tryptophan * Leucin
other molecules. rypTophan —Letcine

From the Virtual Biology Classroom on ScienceProfOnline.com




: . R, R,
Organic Molecules - Proteins Ne-& Ne-&

Peptide Bonds

Link amino acids together in
chains, like the beads on a
necklace.

A dipeptide is 2 amino acids
linked together.

A polypeptide, more than two.

From the Virtual Biology Classroom on ScienceProfOnline.com

Amino acid 1 Amino acid 2

O

\
NH, OH NG DH

H

R o R

] X C//O_ .
HC— HC— Dipeptide
P N \OH
NH NH

2
Peptide bond

Primary protein structure
s saquance of a chain of amino acids

Amino Acid

Image: Protein Primary Structure, Wiki




Organic Molecules - Nucleic Acids

Nucleic acids (both RNA and DNA) are macromolecules; polymers made up of monomers called
nucleotides.

Nucleic acids deoxyribonucleic acid (DNA) and nucleic acid (RNA) = genetic material of cells.

Names derived from type of sugar contained within molecules = ribose

Nucleotides

Each monomer of nucleic acid is a nucleotide and consists of 3 portions:
-a
- one or more phosphate

- one of five cyclic nitrogenous bases
+adenine, guanine (double-ringed purines)
+ cytosine, thiamine or uracil (single-ringed pyrimidines)

Purines

NH2 O
O N N H
Sp 1O, o O i 5 63N 7 585 N7
FZ: [ Omap - - —1 Base <3 14 z <8 |a =z
o”: i N S | N’ N N N
- s —~—___
o|l-g © 5 : , [ N : N NH,
ghrcosidic bond = I
HO (OH - Ribose) Adenine Guanine
B { H-Deoxyxih ose) Pyrimidines
T NH., o o
—— Nucleoside — |
[ i | 5 4 s ¢ N s+ SN
Nucleotide monophosphate : Sﬁg |S ﬁg |‘5 /Zg
1 1 1
L HNucleotide diphosphate — h[l O l~]l O h[l O
Nucleotide triphoshpate — R il
Cyiosine Uxacil Thyvmine

From the Virtual Biology Classroom on ScienceProfOnline.com

Image: Nucleotide Structure, Wikipedia




Organic Molecules - Nucleic Acids

Nucleic Acid Structure

Nucleotides linked by covalent

bonds between sugar of one NG
nucleotide and phosphate of

next (sugar-phosphate backbone). ®
9
. €

3

/
0

: .0-P=0
Nitrogenous bases extend "

from it like teeth of a comb.

From the Virtual Biology Classroom on ScienceProfOnline.com
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Organic Molecules - Lipids
(Fats, Phospholipids, Waxes & Steroids)

Hydrophobic macromolecules...insoluble in water.

Not attracted to water because ...

non-polar covalent bonds linking carbon & hydrogen aren't attracted to the polar
bonds of water.

‘ ' 1 ;
’ t ",
\ \ I"‘ - “; Y " "'.r
o - . LR :
R G " ot -3 y ‘1\' & -'J' 0o
2199] pRNE
5 R (72

Images: Cholesterol, Wiki; Phospholipid Structure, Bryan
From the Virtual Biology Classroom on ScienceProfOnline.com Derksen. Wiki Honeycomb, Wikii; Oil & Water, Kidipede




(Fats, Phospholipids, Waxes & Steroids) D5
Fats
Fats and oils are made = I
from two kinds of e ‘
molecules: Hood | | (E I | I
° glycer'ol H x H H H H H H©H H
(a type of alcohol) I

- fatty acids b
(triglycerides) |

gycerol fatty acids

Images: Oil & Water, Kidipede From the Virtual Biology Classroom on ScienceProfOnline.com




(Fats, Phospholipids, Waxes & Steroids)

Cell

Phospholipids

. Phospholipids are a major
component of all cell membranes.

y Most phospholipids contain a
diglyceride as the tail, and a
phosphate group for head.

. Hydrocarbon tails are
hydrophobic, but phosphate
heads are hydrophilic.

So phospholipids are soluble in
both water and oil.

Tails from both layers facing
inward and the heads facing
outward = phospholipid
bilayer.

From the Virtual Biology Classroom on ScienceProfOnline.com

Extracellular fluid
Nucleus
Cytoplasm

Cell membranes

Carbohydrate

Glycoprotein

Globular protein

Protein Channel
{Transport protein) B

Cholesterol

Glycolipid

Surface protein

Globular protein
{Integral)

 Alpha-helix protein
(Integral protein)

cytos keleton Peripheral protein

Phospholipid

(Phosphatidylchoaline)

Phospholipid bllayer

Hydrophilic head

v Hydropbobic tail

Image: Cell Membrane, Wiki;




(Fats, Phospholipids, Waxes & Steroids)

wia ester 0

\/\/\/\/\/\/\/\)L
Waxes o

. Do not have a hydrophilic head: so
completely water insoluble.

Steroids

The central core of a cholesterol
molecule (4 fused rings) is shared
by all steroids.

Cholesterol is precursor to our
sex hormones and Vitamin D.

Our cell membranes contain
cholesterol (in between the
phosgholipids) to help keep
membrane “fluid" even when
exposed to cooler temperatures.

) ) _ _ Image: Lava Lamp, Wiki; Cholesterol molecule, Wiki;
From the Virtual Biology Classroom on ScienceProfOnline.com Phospholipids & Cholesterol, Cytochemistry.net




REVIEW! %

Animated lessons on * 1N
Organic Macromolecules

Amino acid 1 Amino acid 2 DN|A '
R, 0 R o molecule

./ N 4

He—¢ He—¢

VO ~”

NH, “OH . NH oH

P =
H CHa i 1
phosphateﬁ_ e 1o
2 (/\_5 H== J{
THD

group

Rl Q RZ 0 =i
Ec— IA\ l—t c— vipeptide i;—%jﬁ:{:‘.gi
N o \OH o :;'JC::’—‘@\;,

Peptide bond

' Images: Cholesterol, Wiki; Chilesterol; Amino Acids &
From the Virtual Biology Classroom on ScienceProfOnline.com Peptide Bonds; DNA Molecule, National Science Foundation




Confused?

Here are some links to fun resources that
further explain Chemistry:

»  Inorganic Chemis‘rry Main Page on the Virtual Cell Biology
Classroom of Science Prof Online.

»  "What Kind of Bonds AreThese?" song and slide show by
Mark Rosengarten.

+  Ionic vs. Covalent Bonding animated science tutorial.

*  Chemical Structures & Bonding animated science tutorial.

* "Meet the Elements" music video by They Might Be Giants.

« Redox Reactions video lecture by Kahnacademy.

«  Chem4Kids website by Rader.

« Acid & Bases, an Introduction by Vision Learning

+  Buffer System YouTube video.

*  Organic Chemistry Main Page on the Virtual Cell Biology
Classroom of Science Prof Online.

*  Macromolecules interactive science tutorial.

« DNA Structure Cell Biology Animation from John Kyrk.

Want to see
me sing the
Element
Song?

(You must be in PPT slideshow view to click on links.)

Image: Daniel Radcliff by Joella Marano From the Virtual Biology Classroom on ScienceProfOnline.com




