HONORS CHEMISTRY : ELECTROMAGNET/IC RAD/ATION DATE:

Learning Activities: SWBAT...
...define and mathematically calculate basic wave characteristics.
...describe the properties of electromagnetic radiation.
...explain the historical development of our view of light and matter.

Much of our modern view of the atom was developed

in response to laboratory observations of...

ELECTROMAGNETIC RADIATION:

ex)

TOUR THE ELECTROMAGNETIC SPECTRUM
ELEET“ |] MA E NETI E EFEETR” M: FREQUENCY (cycle/sec)
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T T T
——| h Ultraviolet

Hadlo = =

Infrared X-ray
Wh re ‘wavelike properties’? M § W \Visible [ —

atare avelike prop AM PM Microwave ] Gamma rays
- Wavelength (lambda, A):
| 1 | 1 l 1 | | L | 1 | | 1 ! L Il | | 1 1 1 1 1
106 104 102 1 102 104 10f9 10-8 10-10 10-12 10-14 10-16
Wavelength (m)

- Frequency (nu, v ): I visiBLE sPECTRUM Il
70 60 50 400
Wavelength (nm)

All electromagnetic radiation travels at in a vacuum

C = ;\.V where A is in visin )

Note the inverse relationship between and

Try st Calculate the f‘veguev\cy of ved \‘\g\n‘\' at 650 ww.

Try st Calculate the wo«ve\ev\g‘\'\n of a vadio wave with a ﬁeq,uewcy of 30 MHz.
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THE ENERGY OF ELECTROMAGNET/IC RADIATION /S PROPORTIONAL TO FREQUENCY: E o v

- ex) X-rays have a high frequency ..

- ex) radio waves have a low frequency ..

AT THE TURN OF THE 20 ™ CENTURY, MATTER AND ENERGY WERE THOUGHT TO BE
D/ISTINCT AND SEPARATE.

- Matter acted like particle and energy acted like a wave.

- However, in 1901 MAX FLANEK made observations that couldn’t be explained with

the physics of his time ( and would eventually earn him the 1918 Nobel Prize in Physics).
- He found that...

- This didn’t agree with the popular belief that any quantity of energy could be emitted.

(Think of it as a violin vs. a xylophone)

He found the change in energy could be described by the equation: AE = hv
where AE = v= h=

This meant that energy could not be transferred in just any amount, but guantized in discrete units.

- These ‘packets’ of energy are called a

Try Thist When heated, a copper salt emits a blue \'\g\rﬂ' ata wave\ev\g‘\'\n of 450 ww. What guantum s emitted?

DID YOU KNOW... "Planck’s vecogmtion of the quontized nature of energy wos his most
wwporfont work and a Turming pownt w the \n'\s‘\‘ovy of P\nys‘\c&. The wmportonce of the
d'\scovevy. with s far - veac\n‘\vxg effect own classical P\nys'\cs. was wot appreciated ot
fwst. However the evidence for ts VQ\‘\d‘\‘ry gvaduo«\\y become ovevw\ne\w\'w\g as Ats
applicotion accounted for mony discrepancies between observed phenomena and classical

+\neovy.

Planck foced o tvoubled awnd Jrvo«g'\c Pev‘\od w s Wfe duv'\vxg the Pev'\od of the Nazi

govevmvv\evx‘\‘ W Gevw\av\y. when he feld 1t s du’ry fo vemain W s couvd’vy but waos opev\\y

opposed fo some of the Government'’s Po\‘\c'\es, qu‘\’\cu\o«v\y os vegavds the pevsecu*”\om of
the Jews... He suffeved a Pevsowa\ ’rvqgedy when one of his sons was executed for s Ponr\‘
W an unsuccessful od”\‘evnp‘\’ Yo assasswnate Hitler w 1994, PlancK died on October 4, 1947."

\n‘r’rpﬁ 74 V\obe\Pv'\ze.ovg

"Every man is quilty of all the 4094 he didn't do.” ~ Voltaire
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HONORS CHEMISTRY: Gooo-ByE RuUTHERFORD, HELLO BOHR DATE:

Learning Activities: SWBAT...
...describe the properties of electromagnetic radiation.
...explain the historical development of our view of light and matter.
...discuss the importance of Bohr's Model of the Hydrogen atom.

ALBERT ElNSTElN built on the work of Planck and suggested that electromagnetic

radiation could be viewed as a stream of ‘particles’ called
AE = Ephoton = AV = hc/h

In 1905 he published his Special Theory of Relativity and with it his famous equation,

The main significance...

We can now solve the above equation for relativistic mass of a photon of a given wavelength...

Try st What s the velativistic mass of an x - voy P\r\o‘\'ovx with o wave\e\ng\'\n of 10. wn?

ENSTEN WINS A PRIZE

In 1922, American physicist ARTHLUR COMPTON verified Einstein’s mass predictions through experimentation.

Hence the PuwAaL NAaruRE OF LIGHT:

REMEMBER, NOT ALL ELECTROMAGNET/IC RADIATION /S vIS/BLEY MOST IS OUTS/IDE OUR SENSORY RANGE.
Radiant energy can be emitted different ways:
MonNocHROMATIC:
ex)
POLYCHROMAT/C:
ex)
SPECTRUM:
CONTINUOUS SPECTRUM:

o Of3ED)

LINE SPECTRUM:
) =]

- In 1885, Swiss schoolteacher JOHANN BALMER determined a mathematical relationship for the four lines in

hydrogen’s bright-line spectrum. It would take another 30 years for someone to explain it.
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- In 1914, Danish physicist NIELS BOHR attempted to explain the

hydrogen spectrum by incorporating two important and recent developments:

A) RUTHERFORD'S RECOGN/IT/ON OF...
- The problem was that classical physics predicted orbiting electrons would lose

energy and quickly crash into the nucleus.

B PLANCK'S/EINSTEIN'S REALIZAT/IONS THAT ...

- It could be thought of a stream of discrete bundles of energy called photons.

BOHR'S QUANTUM MODEL OF THE HYDROGEN ATOM HAD TWO MA/IN [DEAS:

1) The electron moves around the central proton in a circular orbit, but...

o~

- These orbits correspond to definite or energy states.

2) The electron can change from one allowed state to another by...

- The frequency of the radiant energy...

- So imagine the area around the nucleus as a . Electrons can only exist on the rungs

cannot spiral down into nucleus because they cannot exist below the bottom energy level.
- Bohr was awarded the Nobel Prize in Physics in 1922.
- Although promising, Bohr’s model failed because...

- Though incorrect, Bohr's model is important because...

DID YOU KNOW... "..A so- called massless particle such as a photon, moves at the speed of light
every frome of reference... they have no rest mass, because they con never be measured w a frome
where *’\ney are at vest. This onpevi’y of \no«v‘\vxg no rest mass s what causes these particles to be
termed "massless.” However, even massless particles have a relativistic mass, which varies with

i‘\ne'\v ObS@YV@d emevgy W Vavious frames of YQ‘F@VGV\C@." \n‘\"\'?i //ew.w'\K'\Ped'\q.ovs/w'\K'\/N\ass_'w\_sPec'\a\_ve\a'\"\v'\'\'y

IllIl Y[IIJ KNI]W "... Bolr studied under both J.J. Thomson and Rutherford.

... Albevt Ewnstewn never o«ccep‘\‘ed the onbo«b'\\'\s‘\“\c nature of guantum wmechanics and debated Bolr

with P\nvases such as "God does not P\ay dce." On one occasion Bolr answered, "Ewnstewn, 5‘\’op

+e\\‘wx3 God What o do."

... Bolhr’s son Ao«ge was the co - winner of the Nobel Prize for P\nys‘\cs W 1975.

“If T have seen farther than others, it is because I have stood on the shoulders of giants.” ~ Sir Isaac Newton
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HONORS CHEMISTRY: THE THREE W/SE MEN DATE:

Learning Activities: SWBAT...
... explain the contributions of de Broglie, Schrédinger, and Heisenberg to the wave Mechanical Model of the atom.

“ETF THAT TURNS OUT TO BE TRUE, I’'LL QUIT PHYS/ICS.”
- Max VON LAUE, NOBEL LAUREATE PHYSICS 1914, OF DE BROGLIE’'S THESIS
IN THE YEARS FOLLOWING BOHR, THE DUAL NATURE OF RADIANT ENERGY BECAME W/IDELY ACCEPTED.

- Depending on the circumstances, radiant energy could behave like...

In his 1924 doctoral thesis, L["."S ]]E ERDEL'E made a bold extension of the dual nature concept:

- What if... E"' E

- What if... .

He proposed the equation for wavelength (m): A= h/(mv) E E

where... BLAME DE BROGLIE!
= m = andv =

(note: )

~ Basic idea:

.‘.

Try thiss What s the wavelenath of an electron (m=9.1IxI0” 22 4) with a velocity of 5.97x10° m/sT
Y 9 9 Y

In 1927 de Broglie’s work was experimentally verified separately by GLINTON DAVISSON and G.F. THOMSON

(Yes, J.J. Thomson’s son). De Broglie won it the Nobel Prize in Physics 1929, the other two won it in 1937.

g

Nodes §
Based on de Broglie’s work, ERWIN SCHRODINGER thought. - Ei*

7

- Only certain orbits have... ?

B2 e o :

o \ ~ -"'.»'—‘(:‘.FT*- é

- Schrédinger’s work involved highly complex R AN £| AL E
mathematical treatments of different wave functions. e F‘”—“—* !,‘. K -FlfP‘-i-?A.g’ z
|.‘ \l / ’,‘,| |., \\\ ".' !. "vl‘.", z

e RN 1 ;

P S
The wave functions that fit’ were called ORBITALS: Electron Orbit = Four Wavelengths Cr:"',“:/;“.u Wavelengths
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- You cannot predict the exact path of electrons. (Think of a strobe photograph of a bee and a flower.)
- Often drawn as electron clouds; darker the color,

- A solid-looking orbital model represents...

&7 DON'T LIKE IT, AND I'M SORRY I EVER HAD ANYTHING TO DO WITH IT.”
- ERW/IN SCHRODINGER, ON THE PROBABILITY INTERPRETATION OF THE WAVES

WERNER HEISENEERE won the 1932 Nobel Prize in Physics for his recognition of...

- If you shine a flashlight on a bowling ball, the energy comes back at you. The bowling ball doesn’t move.
- But if you hit an electron with energy, it will change the electron’s motion. E-.,— E
- HEISENBERG'S UNCERT AINTY PRINCIPLE:

[=]:2

'M UNCERTAN

IEE 1

SoLwvay CONFERENCE 1927
CA.K.A. THE GREATEST PHOTO EVER D

Gl R

A PICCARD E. HENRIDT & P. EHRENFEST Ed. HERZEN Th.DE DONDER E. SCHROOINGER E. VERSCHAFFELT  W.PAULI W. REISENBERG R.H. FO'WLER L. BRILLOWIN
F. DEBYE M. KNLOSEN W.L. BRAGG H.A, KRAMERS P4t DORAC AM.COMPTON L de GROGLIE A BORN N. BOHR
. LANGMUIR M. FLANCK Mra CURIE H A LORENTZ A. EINSTEIN P. LANGEYIN ChE. GUYE C.T.RWILSON Ow. RICHARDSON

“The very act of a}Sen/ing disturbs the system.” Werner #aisenfmrg
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HONORS CHEMISTRY: How 7O BECOME A QUANTUM RANGER! DATE:

Learning Activities: SWBAT...
... use the four quantum numbers to define an electron's position.
... explain the Pauli Exclusion Principle.

We use addresses to find people. Electrons have addresses too. We call them UUANTUM NUMEERS
The different classifications are represented by four letters: n, Q, NQ , YNg

n=...

FRINGIFAL QUANTLM NUMBER (1): =3

n=2

Y\=

- ELECTRON SHELL: n=1
- The larger the value of n, the further from the nucleus .. &

- nn =2 occupies higher level of n =1 ..

SECOND QUANTLM NLMBER (9):
Q=

- Letters often used in place of numbers. (0=s,1=p,2=d,3=F)
WHAT ARE THE DIFFERENT TY PES OF ORBITALS?Y

S.

dand f: ORBITALS
Orbital images from Visualizing Chemistry; (Tocci & Viehland) and www.geo.arizona.edu

Electrons with same yn and § occupy the same or

MAGNETIC [LUANTUM NLMBER ():

g = ex) a p orbital has an =1 . Yy can be...

These represent the different p orbital orientations available on that energy level.
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SPIN GLUANTLM NUMBER (w,):

- Each orbital can hold only two electrons; designated spin up and spin down. (my = +1/2 or -1/2)

Just like students, electrons can't occupy the exact same spot.
PauLl ExcLus/oNn PRINCIPLE:

Wolfgang’s work would earn him the 1945 Nobel Prize in Physics.

Try fillng the blanks...

principal energy level (n)

subshells available (1)

)
)
—C )
—C )
)
)
)
—C )
)
)

Possible magnetic quantum numbers (m) # of possible electrons in subshell

fotal electrons in energy level

[=] 253 [m]

[=]

PAULI EXCLUSION FIGHT

REVIEW & REFLECTION

"One does not discover new Lands without consenting to Lose sight of the shore for a very Long time.”
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HONORS CHEMISTRY: ORBI/TAL PIAGRAMS DATE:

Learning Activities: SWBAT...
...draw and interpret orbital diagrams.

[m] 2= [=]

ORBITAL DIAGRAMS:
- Basic idea: THE AUFBAU PRINCIPLE: E
ex) if you drop M&Ms into a sugar cone, they'll fill the bottom, before stacking. A DIFFERENT TAKE
- Each orbital is represented by and, like any orbital, can hold electrons.

- The 1st electron is represented by a half arrow up; the 2, by a half arrow down.

From last class we know that each subshell in made up of a different number of orbitals, based on Y"\g _ .

S ORBITAL P SUBSHELL D SUBSHELL F SUBSHELL

L] ot Oodbod oot

g :
max e’:

DUE TO OVERLAPPING ENERGY LEVELS YOU NEED TO FIGURE OUT THE ORDER IN WHICH THE ORBITALS F/LL.
YOU CAN ALWAYS RECREATE THE HANDY ORBITAL FILLING CHART :

@ 1. List subshells in columns, recognizing not all subshells are available in earlier levels.
@ 2. Draw lines at left downward angles. This is the order they will fill in.

@ 3. All atom’s use the same filling order; only show subshells used.
- This arrangement minimizes repulsion between electrons .. it is the most stable.

‘ ‘ ‘ ' Gf ./ - The 1st electron in each orbital is spin up. The 2nd is spin down.
@ ‘ (\,7d ) (\7f \: ex) Carbon has six electrons. Which orbital diagram is correct?

CRREE ORIl

Try fhis... Draw ovbital d‘\qgvom\s for each of the fo\\ow'mg elements: N, Ne, N\g, P, C\,Rb, Ag, Pb

“Ttis my task to convince you not to turmn MWM7

because you don't understand it...
T don't understand it. N 0170::{17 does.”
~ Richard P. Feynman, Fk75i55 Nobel Laureate, 1705

L
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HONORS CHEMISTRY: E CONFIGS & NOBLE GAS ABBREV/AT/IONS

Learning Activities: SWBAT...
...write out electron configurations for any orbital diagram.
...write out a noble gas abbreviation of any electron configuration.

ELECTRON CONFIGLIRATION:
CARBON'S ORBITAL DIAGRAM: m D
2s 2p

1s

: 20 20,2
CARBON'S ELECTRON CONFIGURAT/ON: 1s°2s°2p

coefficient= letter = superscript =

Ty dvqw‘mg the ovrbital d'\agvam awnd electvon cowF‘\guvod"\om for aluminum:

NOBLE GAS ABBREVIATION:

To save even more space, electron configurations can be written in terms of...

ex) Ne =

and Al = ...S0 we can rewrite aluminum as...

DATE:

ANOTHER TAKE

[=]z=

ANOTHER TAKE

REVIEW & REFLECTION

“This isn't rig[»t. This isn't even wrong. "

~ Wolfgang Pauli (on a paper submitted by a physicist collenque)
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HONORS CHEMISTRY: CONNECTING THE PERIOD/IC DPOTS... DATE:

Learning Activities: SWBAT...
...apply quantum information to prior periodic table knowledge.
...explain the periodic table trends for atomic radius.

HOW CAN YOU TIE THE QUANTUM INFORMATION INTO YOUR PRIOR FERIODIC KNOWLEDGE?

FILLING ORDER CORRELATES TO THE SHAPE OF THE PERIOD/C TABLE.
- Regions of the periodic table are also known as...
- The d blocks are shifted down one period to...

- The f blocks are shifted down yet again ‘I_l I—

- Electron filling order matches what you already know about the

number of electrons per row. (i.e. 2, 8, 8, 18, 32,...)

- Elements in the same family or group have...

- Helps explain similar properties within families.

- Example:

- Valance electrons are...

- That makes 8 for everyone except hydrogen and helium.

Note #1: Inner electrons are sometimes called

Note #2: There are exceptions to the predicted filling order in the transition metals. (Ex, Cr, Cu)

REVIEW OF 4 CATEGORIES OF THE FERIODIC TABLE:

1. NOBLE GASES:

- due to their full valence shell (a.k.a. outermost ‘s’ and ‘p’ subshells).

2. MeraLs:
- Want to lose the few valence electrons they have.

- The metallic region is so large is because...

"l_l —

3. NoN-METALS:

- Have a fuller valence shell ..

4. METALLO/DS:

- Intermediate properties due to...
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W\ny do the veac‘\“\v‘\+y of families c\nomge as you o down a column?
W\ny ave the metallords steqd ocvoss seveval famihies wstead of concentrated w \')usi' one?

ALL FERIODIC TRENDS CAN BE DERIVED FROM THE ATOMIC RADIUS.

- Must be indirectly determined from bond lengths since...

VERTICAL TREND:

Why? THE BEGINNING OF A LARGE SERES
OF VIDEQS ON PERIODIC TRENDS

- On top of this, the radius is bigger due to

Core electrons reduce the nucleus’ ability to...

Without shielding... - With shielding... /
COME OVER E e COME OVEK

DID YOU HEAR

by . HERE!
e QOMETHING?

HORIZONT AL RADIUS:
Why?

Final note: The radius of an ion will be different than that of the neutral atom.

- Anions are . - Cations are

[m]#es [m]
[=]

Can you f‘\guve out w\ny’?

“Make up your mind to Act decidedly and take the consequences.
No good is ever done in this world ]717 hesitation.” ~ Thomas #. Huxley
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HONORS CHEMISTRY : ToN/zATION ENERGY & ELECTRON AFFINITY DATE:

Learning Activities: SWBAT...
...describe periodic trends with respect to ionization energy and electron affinity.

IONIZATION ENERGY:

For any element (A): A + energy — A" + ¢’

&]:
[=]

STEALING PURSES

Bl

VERTICAL TREND:

Why? As you go down a family...

HORIZONT AL TREND:

Why? The number of protons in the nucleus...

NOTE:

ELECTRON AFFINITY:

For any element (A): A + e — A" + energy

- Equals...

- Electron affinity values are either zero or negative: NO PURSES HERE
ex) Beryllium has an electron affinity of while fluorine has a value of

When talking about electron affinity to make sure you distinguish between

and . As the numerical value ,
the |
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VERTICAL TREND:

Why? The greater nuclear pull from more protons is...

HORIZONT AL TREND:

Why? The number of protons while...

...the atomic radius

...and the shielding effect ,

.. the nuclear pull on new electrons

REMEMBER, THESE ARE GENERAL TRENDS. THERE W/LL BE EXCEPT/ONS.

REVIEW & REFLECTION

DID YOU KNOW... Mendeleev was not the first screntist to +vy ond orgonze elements?

Johawnn Dobereiner (1780 - 1349) found several different groups of three elements thot
hod swilar properties. For example, chlorine, bromwne and \odrde all had swilar properties.
However, his ottempts Yo expond Wis model of triads, as he colled them, werve \argely
unsuccessful.

John Newlands (1237~ 1292) suggested w 1264 thot elements could be arvanged W octoves.
This \dea was based around his observation that cevtow properties vepeated every eght
elements (not bad, covxs‘\dev’mg there ave e'\g\n‘\‘ valence electrons...). While more promising
than the dea of triads, octaves still proved gewnerally unsuccessful ot explaining elementol
properties.

Though Mendeleev is giwven credit for the foundation of the modern periodic foble, he was
wot alone. Lothar Meyev (1330~ 1%95) s also vecogm'\zed by many as coming up with o
very similar dea. However, 1t was Mendeleev’s emphasis of how the table could be used Yo
predict the existence of still unknown elements that cemented \is wwportance w the
awnuals of c\new\‘\s‘\'vy.

“To see what isin frant of one’s nose needs A constant struggle. "~ George Orwell
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