CHM 1032C

                         Name: __________________

Chapter 2 Homework Packet-McMurry 7th 
Chapter 2: Atomic Theory & The Periodic Chart (Formerly Module 3)
A. _____ (01) Atomic Notation-Section 2.6 Answers
B. _____ (04) Electron Configuration-Sections 2.7 Answers
C. _____ (01) Orbitals / Subshells of the Periodic Table-Section 2.8 Answer
C1. ____ (02) Spectroscopic Notation from Periodic Chart Section 2.8  Answer
D. _____ (01) Electron Dot Structures-Section  2.9 Answers
E. _____ (01) e-1 Configuration of Ions-lecture (Section 3.5) Answers                               

F. _____ (01) Periodic Ionic Character-Section 3.2/3.5  Answers
P. _____ (01) Periodic Chart Identifications – Section 2.4/2.5 Answer
_______(12) Chapter 2 Total 

Chapter 2: Part A   Atomic Notation                        1 point

Given the following elements, atomic numbers, and mass numbers, State the number of electrons, protons, and neutrons in the following elements:
1.     23Na11                             Protons    = ______

Electrons = ______

Neutrons  = ______
2.     93Nb41                             Protons    = ______

Electrons = ______

Neutrons  = ______
3.     20Ne10                             Protons    = ______

Electrons = ______

Neutrons  = ______
4.     59Ni28                              Protons    = ______

Electrons = ______

Neutrons  = ______
5.     19F9                                 Protons    = ______

Electrons = ______

Neutrons  = ______
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Chapter 2: Part B:   Electron Configuration    4 points

Given the following elements and atomic numbers, use arrows to fill-in the electron configuration, then rewrite the configuration into the chemist’s shorthand (spectroscopic Notation):

*remember 4/9 rule exceptions: Never 4/9 total d orbital electrons except for elements 41, 74, 78.

1.  12C6         Chemist Shorthand:_____________________________________
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2. 60Co27   Chemist Shorthand:_____________________________________
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Chapter 2: Part B: Electron Configuration continued:

3.  40Ca20         Chemist Shorthand:____________________________
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4.  52Cr24         Chemist Shorthand:____________________________
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Chapter 2: Part B: Electron Configuration continued:

5.  65Zn30         Chemist Shorthand:____________________________
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6.  85Nb41         Chemist Shorthand:____________________________
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Chapter 2: Part B: Electron Configuration continued:

7.  96Mo42         Chemist Shorthand:____________________________
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8.  180Au79         Chemist Shorthand:____________________________
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B#1.  Pd46         Chemist Shorthand:____________________________
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B#2.  Pt78         Chemist Shorthand:____________________________
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B#3.  Ag47         Chemist Shorthand:____________________________
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B#4.  W74         Chemist Shorthand:____________________________
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Interactive Electron Configuration Web Site:

http://www.lsua.info/e_config/e-1instruct.html 

Electron Configuration Rules Menu:

http://www.fccj.info/e_configMenu/e-1Menu.html 

[image: image14.png]Each energy level can be divided into sublevels.

Each sublevel corresponds to a different type
of orbital that can house electrons.

Principal quantum level n=1

Contains only one sublevel/orbital (1s orbital)

The orbital is spherical in nature,
o as are all s orbitals.
- The orbital is a space where an electron has a

90% probability of being located.




[image: image15.png]Principal quantum level n =2
Contains two sublevels/orbitals (2s and 2p orbitals)
The 2s orbital is spherical like a 1s orbital,
but larger and higher in energy.
The 2p sublevel consists of three orbitals: p,, p, and p,.
The shape of the 3 orbitals is the same;
they differ in their orientation in space.

N/X

6 total electrons can occupy the 3 p orbitals of a subshell.
Each p orbital has two lobes.





[image: image16.png]Principal quantum level n =
Contains three sublevels/orbitals (3s, 3p and 3d orbitals)

The 5 3d orbitals have unique shapes relative
to sand p orbitals.

X 4 % § o

aoni oy oni anv 4 onil ol
10 total electrons can occupy the
5 dorbitals of a subshell.




[image: image17.png]Atomic Structure of the First 18 Ele ts

Hydrogen: consists of a nucleus with one proton
and one electron in a 1s orbital.
How are electrons treated in more complicated atoms

that contain multiple electrons?

Assuming multielectron atoms have orbitals

similar to that of the hydrogen atom,

rules for filling electrons can be developed.

Guidelines for filling electrons:

1. Only up to two electrons can occupy an orbital.

2. Electron will occupy lower energy orbitals first. Orbital
energies: s< p < d< f for a given nvalue.

3. Each orbital in a sublevel must contain an electron before
another electron can be added to any of the or





[image: image18.png]Three ways of depicting atomic and electronic structure:
I) Atomic Structure Diagrams
Depict both the nuclear and electronic structure
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II) Electron configuration
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[image: image19.png]Three ways of depicting atomic and electronic structure:

III) Orbital Diagram

Boxes represent orbitals and electron spins
are represented as arrows.
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[image: image21.png]Filling the p subshell
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Note the electrons are in different orbitals per Rule 3.
The similar spin will be discussed shortly.





[image: image22.png]How many electrons can fit in an orbital?

Pauli Exclusion Principle: an atomic orbital can hold two
electrons, which must have opposite spins.

Electron spin is represented by arrows (4 or ¢ )
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[image: image25.jpg]Electron Configuration Rules:

1. Fill each subenergy level before placing an electron
into a higher energy sublevel:
a. fill 1s before proceeding to 2s
b. fill 2s before proceeding to 2p
c. fill 2p before proceeding to 3s

2. Electrons in a subenergy level remain unpaired as
long as orbitals of the same energy are available:
a. half fill 2px, 2py, 2pz before filling each orbital
b. half fill 3px, 3py, 3pz before filling each orbital
. half fill each of the 3d orbitals before pairing 3ds
—_—

* Orhitals may contain either zero, one or twa total

electrons. However, when a second electron enters an -
orbital, it must have an opposite spin using the up and

down arrows to indicate the spin.




[image: image26.png]TABLE 10.1  Orbital Filling for the First Ten Elements*

Atomic Electron
number Element Orbitals configuration

2s

“*Boxes represent the orbitals grouped by sublevel. Electrons are shown by arrows.




[image: image27.png]Begin filling the 37 shell.

TABLE 10.2 Orbital Diagrams and Electron Configurations for Elements 11-18

Atomic number Element Orbitals Electron configuration
[ 9 3 3

" Na 1592572531

12 Mg 15252%3

3 Al 152252p%3523p!
1 si [
15 » 192023583
16 s 192023533
I a 19262353
18 Ar 15°25°2p°35%3p°





[image: image28.jpg]Electron Configuration Rules:

3. d 4-9 rule: Never four or nine total electrons in
d orbitals except for elements:
41,74, and 78
a. shift electrons from s to d to make 5 or 10 total electrons

b. what happens after the shift has differences between
elements in Periods 4, 5, and 6

c. Period 4: Elements 24 and 29 shift one 4s electron to the

3d..orbital, but elements 25 and 30 place the next electron
back into the 4s orbital.

e
[ Menu |




[image: image29.jpg]d. Period 5: Element #41 shifts the 5s electron to the 4d, »
| making four total d orbital electrons
ctron, an excepuun to the rule. Bt





Check Your Answers. Click on the element on the periodic table:

http://fscj.me/e-1Spectroscopic/pc.html 

Animation of Elements 1-112 filling electrons:

http://www.northcampus.net/ElectronConfiguration/SpectroscopicNotation/spectroscopicNotation.html 

Chapter 2: Part C Orbital Subshells & Periodic Chart   1 point

On the periodic chart below show all the s, p, d and f block elements on the the first six rows of the periodic table (Label each area beginning with 1s, 2s, 2p, etc):
	periodic table

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

	Period
	

	1
	1
 
	
	2
 

	2
	3
 
	4
 
	
	5
 
	6
 
	7
 
	8
 
	9
 
	10
 

	3
	11
 
	12
 
	
	13
 
	14
 
	15
 
	16
 
	17
 
	18
 

	4
	19
 
	20
 
	
	21
 
	22
 
	23
 
	24
 
	25
 
	26
 
	27
 
	28
 
	29
 
	30
 
	31
 
	32
 
	33
 
	34
 
	35
 
	36
 

	5
	37
 
	38
 
	
	39
 
	40
 
	41
 
	42
 
	43
 
	44
 
	45
 
	46
 
	47
 
	48
 
	49
 
	50
 
	51
 
	52

	53
 
	54
 

	6
	55
 
	56
 
	*
	71
 
	72
 
	73
 
	74
 
	75
 
	76
 
	77
 
	78
 
	79
 
	80
 
	81
 
	82
 
	83
 
	84
 
	85
 
	86
 

	7
	87
Fr
	88
Ra
	**
	103
Lr
	104
Rf
	105
Db
	106
Sg
	107
Bh
	108
Hs
	109
Mt
	110
Ds
	111
Rg
	112
Uub
	113
Uut
	114
Uuq
	115
Uup
	116
Uuh
	117
Uus
	118
Uuo

	 
	

	*Lanthanoids
	*
	57
 
	58
 
	59
 
	60
 
	61
 
	62
 
	63
 
	64
 
	65
 
	66
 
	67
 
	68
 
	69
 
	70
 
	
	

	**Actinoids
	**
	89
Ac
	90
Th
	91
Pa
	92
U
	93
Np
	94
Pu
	95
Am
	96
Cm
	97
Bk
	98
Cf
	99
Es
	100
Fm
	101
Md
	102
No
	
	


Additional reference for your information

A similar Figure:
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Hein 7th  Page 204
Spectroscopic Notation from Periodic Chart

	1
	IA
	IIA
	
	
	
	
	H
	
	
	
	
	
	IIIA
	IVA
	VA
	VIA
	VIIA
	He

	2
	
	
	
	
	
	  *
	
	
	
	
	*
	
	
	
	
	 
	 
	Ne

	3
	
	
	IIIB
	IVB
	VB
	VIB
	VIIB
	VIIIB
	
	
	IB
	IIB
	
	
	
	
	
	Ar

	4
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Kr

	5
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Xe

	6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Rn

	7
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Chapter2 C1: Spectroscopic Notation using the Periodic Chart 2 Points

Given the Element’s Atomic Number, use the Periodic Chart above to write the Spectroscopic Notation for the following elements.. You may do it the long way showing all blocks of orbitals, or you may use the shorter method applying the square brackets around the Nobel Gas which indicates the complete inner filled electrons in the core (or Kernal).

i.e:  [Ar] represents  1s2 2s2 2p6 3s2 3p6 or the 18 electrons in the Argon core.

* In columns VIB and IB, you may have to apply the d4/9 Rule (Never 4/9 total d orbital electrons in any spectroscopic notation except Nb 41; W 74; and Pt 78)

1. 1H         __________________________________________

2. 30Zn      __________________________________________

3. 35Br       __________________________________________

4. 74W        ___________________________________________

5. 8O         ___________________________________________

6. 15P        ___________________________________________

7. 47Ag       __________________________________________

8. 24Cr        ___________________________________________

9. 7N         ___________________________________________

10. 17Cl        ___________________________________________

Look at the Periodic Table and Count the squares Left to Right:
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On the fourth row of the periodic table you have to included the 3d orbitals:
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Additional reference for your information

[image: image34.png]Valence Electrons

* When an atom undergoes a chemical reaction,
only the outermost electrons are involved.

* These electrons are of the highest energy and are
furthest away from the nucleus. These are the
valence electrons.

» The valence electrons are the s and p electrons
beyond the noble gas core.




[image: image35.png]Predicting Valence Electrons

¢ The Roman numeral in the American convention
indicates the number of valence electrons.
— Group TA elements have one valence electron.

— Group VA elements have five valence electrons.

* When using the [UPAC designations for group
numbers, the last digit indicates the number of
valence electrons.

— Group 14 elements have four valence electrons.

— Group 2 elements have two valence electrons.




[image: image36.png]Electron Dot Formulas

* An electron dot formula of an element shows the
symbol of the element surrounded by its valence
electrons. Core electrons

+ We use one dot for each i /
valence electron. S}’&

» Consider phosphorous, P,
which has five valence electrons. Below is the
method for writing the electron dot formula.

Valence electrons

P>P->P'>-P->-P~>-i’:

core + le + 2e + 3e + 4e + 5e




Chapter Two: Part D        Electron Dot Formulas         1 point 

Using the periodic chart, draw the electron dot formulas of the following elements (the numbers shown are the element’s atomic number and mass number):

1.  6C12




6.   1H1
2.  14Si28




7.   7N14
3.   9F19




8.   8O16
4.  11Na23




9.   10Ne20
5.  15P31




10.  16S32 

Additional reference for your information

[image: image37.png]Example Exercise 6.9 Electron Dot Formulas

Drawthe eleoton dat formula for sach of the following elemen:
@ si ® e

Solution

Letsfxd the group muber of e elnent in the periodic bl nd e he macber of velenge eletons.
Ve v the sguckol of the element and loe the soxe auckerof dats o e sgucbolas et ae
alence elctons. I these exangles, i has 4 valence electons and Xe s 8. The election dot formulss axe
s ollws:

@ Si ® %o

Practice Exercise
Drawthe eleoton dat formula for sach of the following elemen:

@ K ® 1
Answers:
® K ® 1

Concept Exercise

Propose two ways of drawing the eleoron dot formnla for Mg,

Answer: See Appendi G




[image: image38.png]Electron Configuration of lons

* When we write the electron configuration of a
positive ion, we remove one electron for each
positive charge.

Na — Na*
15?252 2p6 351 — 152 2s% 2pS

* When we write the electron configuration of a
negative ion, we add one electron for each
negative charge.

o - 0
152 2s22p*  — 152252 2pS




Chapter Two: Part E:   Electron Configuration of Ions    1 point

Given the following ions, use arrows to fill-in the electron configuration of the ion, then rewrite the configuration into the chemist’s shorthand:

1.     Cl1-  ion      Chemist Shorthand: ___________________________

[image: image39.png]



2.  K1+ ion  Chemist Shorthand: _____________________________
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Additional reference for your information

Remember positive ions have lost electrons from the neutral atom, while negative ions have gained electrons into the neutral atom. 
[image: image41.png]lonic Charges

Recall that metals tend to lose electrons and
nonmetals tend to gain electrons.

The charge on an ion is related to the number of
valence electrons on the atom.

Group IA/1 metals lose their one valence electron
to form 1+ ions.

Na — Na*+e-

Metals lose their valence electrons to form ions.
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[image: image43.png]Predicting lonic Charge

Group 1 metals form 1+ ions, Group 2 metals
form 2+ ions. Group 13 metals form 3+ ions. and
Group 14 metals form 4+ ions.

By losing their valence electrons. they achieve a
noble gas configuration.

Similarly, nonmetals can gain electrons to achieve
anoble gas configuration.

Group 15 nonmetals form -3 ions. Group 16
nonmetals form -2 ions. and Group 17 elements
form -1 ions.




[image: image44.jpg]TABLE 6.1 Some Common Main-Group lons and Their Noble-Gas
Electron Configurations

Electron
Group 1A Group 2A Group 3A Group 6A Group 7A Configuration
H" [None]
H™ [He]
Li* Be?t [He]
Na* Mg? ARt or F~ [Ne]
K" Ca?* *Ga®t L cr- [Ar]
Rb* Sr2* *In3* Se?” Br~ [Kr]
Cs* Ba?* T3 TeZ™ I~ [Xel

* These ions don’t have a true noble-gas electron configuration because they have an addi-
tional filled d subshell.

©2012 Pearson Education, Inc.




Chapter Two: Part F       Periodic Ionic Properties        1 points 

Using a periodic chart, write the ionic character (monoatomic ionic charge) of the following elements: (The number before the element is its atomic number)
1.  19 K     ________


6.    9F      _____

2.  20Ca    _______


7.    1H      _____    _____   

3.  7N        _______


8.    16S     _____

4.  17Cl      _______


9.    10Ne   _____

5.  53I
        ______

        10.   15P     _____

Additional reference for your information

Dr. Lukacs Pod Casts:
Atoms and Ions

http://weinstruct.org/weinstruct/main/lecture/20 

[image: image45.png]Groups and Periods of Elements

A vertical column on the periodic table is a group
or family of elements.

« A horizontal row on the periodic table is a period
or series of elements.

 There are 18 groups and seven periods on the
periodic table.




[image: image46.png]Periods on the Periodic Table

The seven periods are labeled 1 through 7.
The first period has only two elements. H and He.

The second and third periods have eight
elements each:

— Li through Ne and

— Na through Ar

The fourth and fifth periods each have 18 elements:
— K through Kr and

—Rb through Xe




[image: image47.png]Hydrogen on the Periodic Table

Hydrogen occupies a special position on the
periodic table.

It is a gas with properties similar to nonmetals.

It also reacts by losing one electron, similar
to metals.

We will place hydrogen in the middle of the
periodic table to recognize its unique behavior.




[image: image48.png]Groupings of Elements

There are several groupings of elements.

The representative elements or main-group
elements. are in the A groups

The transition elements are in the B groups.

The inner transition elements are found below
the periodic table. They are also referred to as
the rare earth elements.




[image: image49.png]Groupings of Elements, Continued

* The inner transition elements are divided into the
lanthanide series and the actinide series.
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[image: image50.png]Expanded Periodic Table of Elements





Chapter Two Part P: Periodic Chart Identification               1 point
Selected symbols have been placed into the following blank periodic table of elements:

[image: image51.jpg]Be

Al

Ar
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Which symbol in the above periodic table fits the following description?

_____1. an alkali metal

_____2. A halogen

_____3. an alkaline earth element

_____4. a noble gas

_____5. A representative element in the fifth period

_____6. a semimetal

_____7. An element in the lanthanide series

_____8.  an element with the atomic number 13

_____9. an element filling  a 5d sublevel

_____10. an element with six valence electrons

_____11. an element corresponding to: 1s2 2s2 2p6 3s2 3p6 4s2 3d7
_____12. an element with four valence electrons

_____13. an element in the actinide series

_____14. the main isotope of this element has zero neutrons in the nucleus

_____15. a representative element in the first period of the periodic table

Review Corwin’s 7th  Sections 5.1-5.3 pages 134-138 Additional Questions: p155-6 #8-36
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[image: image58.png]The Modern Periodic Table
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Main Group Elements are also called Representative Elements
[image: image59.png]4 Rare Earth Elements That Will Only Get
More Important

Lithium is lionized. Silicon has a whole valley named after it. But what about the silent heroes of
modern technology? Rare earth elements—a set of 17 related metals, mostly shunted off to a
tacked-on lower line of the periodic table—are crucial to the way we live now. responsible for
miniaturizing computers and headphones, powering hybrid cars and more. The time has come.
to et better acquainted with the molecules that make our modern world run




[image: image60.png]Erbium: In the Pink

The applications of erbium are both deeply important, and a little silly. For instance, adding erbium to
glass is about the only way to create a stable pink shade. So erbium-doped glass pops up in novelty
sunglasses and decorator vases. At the same time erbium keeps information flowing around the
globe. Add a litle erbium to the optical fibers that carry data in the form of light pulses. and those
puises get amplified. It can also be used as part of the gain medium that amplifies light in a laser
When you do this, you end up with a laser that can be used for dental surgery and skin treatments.
because it doesn't build up much heat in the human skin it's pointed at

Erbium is a great example of how rare earth elements work in practical applications. You won't find
very many places where a solid chunk of a single rare earth element is being used. Instead. they tend
to be things that are added, in small doses, to composites and alloys. In that way, rare earth elements
work a bit like vitamins, says Daniel Cordier, mineral commodity specialist with the United States
Geological Survey. "Rare earths have really unique chemical and physical properties that allow them
tointeract with other elements and get resuits that neither element could get on its own.” he says.
Image Credit Photo courtesy of htp:/images-of-elements com/




[image: image61.png]Lanthanum: Driving Excitement

"Rare earth elements are neither rare, nor earth," says Stephen Castor, recently retired research
geologist with the Nevada Bureau of Mines and Geology. The name dates to the 18th and 19th
centuries, when the elements were first isolated out of actually rare minerals. *Rare earth" stuck, but
the elements themselves turmed out to be pretty common, mixed in small concentrations into rock the
world over.

Lanthanum, first discovered in 1893, is a great example of this. There's more lanthanum on this
planet than silver or lead and its the second most abundant rare earth element, but there weren't a
Iot of uses for it in the early days. When Castor worked with mining companies in the late 1970s and
early '80s, lanthanum mostly went into stockpile, waiting for the day when it could be sold off for
higher prices. That day has come.

Today, every Prius hybrid car on the road carries with it about 10 pounds of lanthanum. And yet, most
Prius owners don't even know they use this rare earth element every day. That's because the car's
battery is referred to as "nickel-metal hydride. " The "metal" in question s lanthanum, but what can we
say. rare earth elements get no respect. A big breakthrough in battery technology, nickel-anthanum
hydride batteries pack more power into a smaller space—they're about twice as efficient as the
standard lead-acid car battery.

“Toyota is the biggest car company in the world and the Prius is 8 percent of their manufacturing,”
Jack Lifton, an independent consultant and expert on rare earth elements, says. "Add to that other
hybrid cars and the batteries used in small mopeds in China, and there's not enough lanthanum on
the market today. Toyota is the first and only car company to invest in a rare earth mine."
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Once upon a time. there was no such thing as a convenient way to carry your favorite tunes along on
ajog. Rare earth elements changed all that. The key is magnets. Those things are everywhere, from
hard drives to headphones to anything that incorporates a small electric motor—basically, if there's a
component that needs to spin. magnets are probably involved. Producing a strong magnetic field
used to require a big, heavy magnet and. thus, led to big, heavy pieces of technology.

Then, in the late '70s, Sony introduced the Walkman, a (relatively) small, (relatively) portable music
player. Why were they able to shrink the form factor? Magnets. Specifically, magnets made from the
rare earth element samarium, which were smaller and stronger than anything then available. Today,
the samarium-based magnets have largely been replaced by magnets made with neodymium, which
are even smaller and even stronger. We have these magnets to thank for the miniaturization of
gadgetry. But they're also responsible for making necessarily chunky tech lighter and cheaper—like
the turbines that turn wind into electricity, and the drills that search for oil deep below the surface of
the Earth
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[image: image65.png]Europium: Savior of the TV Generation

Sir William Crookes, a 19th century British chemist, once wrote that, "rare earth elements perplex us
in our researches, baffle us in our speculations and haunt us in our very dreams " These weren't
easy elements to isolate or to understand, and o there was a very long lag time between the
discovery of the rare earths, and the discovery of practical uses for them.

It didn't help that individual rare earth elements don't occur by their lonesome—they travel in packs.
To get one. you have to mine all of them. At first, industry didn't even bother to separate out individual
rare earths, instead using them in a blended alloy called mischmetal. This provided the first
commercial applications, says Karl Gschneidner. senior metallurgist at the Department of Energy's
Ames Laboratory. In 1891, mischmetal became an ingredient in lamp manties—devices that were
hung above open flames, where they burned and produced a bright, white light you could see and
work by.

Europium was the first isolated, high purity rare earth element to enter the public marketplace, in
1967, as a source of the color red in TV sets. There had been color TV before europium, but the
color quality was weak. The sets relied on phosphors—substances that glow when struck with struck
with electrons or other energized particles—to get their red, green and blue colors, and the early red
phosphors couldn't produce a very bright color. Europium phosphors made the picture pop.

Atthe time, rare earth mining wasn't even a twinkle in China's eye. Up until the 1990s, most rare earth
elements came from the United States, especially Mountain Pass, a mine in California near Los
Angeles, which supplied most of the late 1960s europium demand. By 2003, Mountain Pass had
closed and no rare earths were coming out of the United States at all. The problem, though, isn't
supply. The U_S. still has plenty of rare earth elements left to mine—in Mountain Pass and elsewhere.
Instead, those mines were simply driven out of business, undercut on price by Chinese companies
that had lower labor costs, and also benefited from the fact that they were mining rare earth elements
as a byproduct of profitable iron mining

Today, europium is still used as a phosphor, but as cathode ray tube TVs go the way of the dodo, it's
‘more likely to tur up in white LED-based lights, which could someday be an energy efficient
replacement for both incandescent and compact fluorescent bulbs. With this technology, white light is
produced by mixing various colored LEDs and europium red happens to be an ingredient in turning

out a high-quality. attractive shade of white.
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