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CASPER Research Experience for Teachers

Overview of Summer

The RET Project for 2012 was a nice mix of “teacher work” that | am accustomed to, and “scientist work”

where | learned a lot.

The educational component laid the groundwork for transitioning the elaborate annual Physics Circus
undertaking into a web-based experience. We became familiar with the 2010 Physics Circus, aligned
the science content to Texas and national Standards, and developed a 3 tiered curriculum. The 2010
circus had a mystery theme. We organized our work by the five “clues” to solve the mystery. My work
covered the fourth clue. | developed a vocabulary list, tiered objectives, curriculum content, and a

question bank for my clue.

Our home base was a table in the CASPER Lab, so even as we worked on curriculum we were part of a
research environment. There were opportunities to observe multiple experiments and interact with the
researchers. | assisted Dr. Angela Douglass as she investigated the vertical interactions of a chain of
particles confined in a square glass box. | was involved with causing and breaking the high vacuum,

jabbing a particle in the chain with a green laser and operating the side camera.

As a group with Jorge Carmona-Reyes’ help, the four RET teachers conducted our own experiment on
Cell 1 to see the effect of lasers on a single layer of gold coated particles. | gained a lot of insight into
what a researcher experiences. | learned a lot as | extracted data from 1000 images, by tracking
thousands of particle trajectories and using a spreadsheet to make sense of it.

In addition to our curriculum work and research there were other opportunities to interact with the
professors and REU students. There were weekly update meetings where we learned the progress
REU students were making. Wednesday lunch speakers covered a variety of Baylor research topics.
Field trips to the observatory and the Space X rocket testing facility were very interesting and

informative. The summer culminated with a lovely final banquet where each participant was recognized.

Lisa Tarman, MAPE. William Penn Senior High - School District of the City of York, Pennsylvania 2



CASPER Research Experience for Teachers
STANDARDS

CONTENT STANDARD B:

Chapter 112. Texas Essential Knowledge and Skills for Science!]

Subchapter C. High School

(6) Science concepts. The student knows and understands the historical development of
atomic theory. The student is expected to:

(E) express the arrangement of electrons in atoms through electron configurations
and Lewis valence electron dot structures.

(7) Science concepts. The student knows how atoms form ionic, metallic, and covalent bonds.
The student is expected to:

(B) write the chemical formulas of common polyatomic ions, ionic compounds
containing main group or transition metals, covalent compounds, acids, and
bases;

8) Science concepts. The student can quantify the changes that occur during chemical
reactions. The student is expected to:

(D) use the law of conservation of mass to write and balance chemical equations;

Lisa Tarman, MAPE. William Penn Senior High - School District of the City of York, Pennsylvania



CASPER Research Experience for Teachers
OBJECTIVES

LEV 1 -
+ Identify information provided on a periodic table (atomic number, symbol, atomic mass,
name)
+ Explain the difference between the use of subscripts and coefficients
+ Identify 2 element compounds on a mass spectrometer graph & determine the formula
+ State the law of conservation of mass
+ Balance chemical equations
LEV 2 -
+ Use a periodic table to determine valance charge
+ Use STAAR reference material to determine valence charge of polyatomic ions
* Write formulas for compounds including polyatomic ions
http://www.ausetute.com.au/namiform.htmi
+ Identify complicated compounds on a mass spectrometer graph & determine the formula
+ State the law of conservation of mass
+ Balance chemical equations
LEV 3 -
* Write formulas for compounds including polyatomic ions
+ Identify complicated compounds on a mass spectrometer graph & determine the formula

+ Write a balanced equation for a synthesis, decomposition, single replacement, or double
replacement reaction given a mass spectrometer graph of the reactants.

Lisa Tarman, MAPE. William Penn Senior High - School District of the City of York, Pennsylvania 4



CASPER Research Experience for Teachers
VOCABULARY:

Atomic number - the number of protons found in the nucleus of an atom

Mass number - the sum of the number of protons and neutrons of an atomic nucleus.

Atomic mass unit - one twelfth of the mass of an unbound atom of carbon-12. It is a unit of mass used to

express atomic masses

Subscript — small lower number that shows the ratio of elements present in the compound

Coefficient - the numbers in front of the compounds or molecules in a chemical equation

Mass spectrometer - a scientific instrument used to measure the masses and relative abundances of a

vaporized and ionized sample

Law of conservation of mass - the mass of an isolated system (closed to all matter and energy) will

remain constant over time

Polyatomic ion - a tightly bound group of atoms that behaves as a unit and has a positive or negative
charge

Lisa Tarman, MAPE. William Penn Senior High - School District of the City of York, Pennsylvania 5



CASPER Research Experience for Teachers
CURRICULUM:

Level 1

Each chemical element in the universe has unique properties that distinguish it from all of the other chemical
elements. Though each is unique, the elements can be still grouped by their commonalities in a useful and

meaningful way. The periodic table groups the elements by properties.

Each element has its own box and these boxes make up groups and rows. There are eighteen groups (or families
or columns) on the periodic table. Each one represents how many electrons are attached to the elements and
correlate to how many valence electrons are present. Electrons are negatively charged subatomic particles that
revolve around the nucleus of the element. Valence electrons are electrons that are on the very outside of the
atom. There are seven periods (or horizontal rows) that describe electron shells.

Each box on the periodic table has certain informative parts about the element.

The "14" on the top is the atomic number, which deals

) with how many protons, or positive charges, are in the
Atomic number I 14
| atom.
- The "Si" is the symbol for Silicon. All the elements get
Symbol ——1 Sl v 0
I a one or two letter symbol (there are a couple of
Atomic mass 28.086 exceptions with undeclared elements).
I The number under the symbol is the atomic weight or
Name [ Silicon atomic mass. 28.086 represents how many grams are

in each mole (6.022x10% entities) of hydrogen.

Compounds are pure substances made up of 2 or more elements. Each compound has a formula showing which
elements are present in a molecule and how many of each. A water molecule, H,O, has two atoms of hydrogen
and 1 atom of oxygen. The small subscript numbers show the number of each atom. If there is no subscript, it
is 1. A molecule of glucose has 6 carbon atoms, 12 hydrogen atoms, and 6 oxygen atoms, so it is written

CesH120s. If there were 3 molecules of water, we would not change the subscipts, we would add a coefficient out
in front like this 2H,O.  Four molecules of glucose would be 4CgH;,0¢. Four molecules of glucose would have a

total of 24 atoms of carbon, each molecule has 6 atoms of carbon and there are 4 molecules. 6x4 = 24

Lisa Tarman, MAPE. William Penn Senior High - School District of the City of York, Pennsylvania 6



CASPER Research Experience for Teachers

A mass spectrometer can be used to determine the chemical make up of an unknown compound.

The graph from a mass spectrometer identifies the atomic mass and relative ratio of the sample.

To simplify, we will consider the graph of a pure element:

Mass Spectrometer Graphs
1004 o
You know it is an element because
there is only one line
:ﬁBD-
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]
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CASPER Research Experience for Teachers

Look on a periodic table to see what has a mass number between 55 and 56

manganese iran cobalt < name of element
25 26 27 < atomic number
Mnh| Fe | Co | <
1
H He
| o 54.938 55.845 58.933 < mass number e |
3 4 [ 7 8 10
Li | Be B|C|N|O|F|Ne
1" 12 13 14 15 16 17 18
Na | M Al|Si|P | S |CI|Ar
potassium calcium scanaum titanum vanagum CHPOMILT * | i1 ngemren reckal copper e gaum germanum arsenic salenum broming krypon
19 20 21 22 23 24 28 29 30 kil 32 33 34 35 36
. .
K | Ca Sc|Ti|V|Cr Ni |Cu|Zn|Ga|Ge|As | Se| Br | Kr
19008 40078 44 558 47867 50942 51996 58603 61546 6539 77 J2.61 74922 7856 79804 8380
e ke e L AR R o
7 38 39 40 a4 42 46 47 a8 49 50 51 52 54
Rb| Sr Y | Zr | Nb | Mo Pd|Ag|(Cd|In [Sn|Sb|Te| I | Xe
85468 87.62 20008 M2 02 906 9584 10642 107 87 11241 114,62 118.71 12178 127.60 12690 1329
55 56 57-70 hi 72 73 T4 8 79 80 81 82 83 84 85 86
Cs|Ba| * [Lu|Hf [Ta| W Pt |Au|Hg| Tl | Pb | Bi | Po| At | Rn
13201 13733 17497 178 49 180 95 183 84 ¥ b ¢ 196 08 106 97 204 38 2072 208.98 1209 [2100 1222
francasm radium Tawrencium | nutherfoed dutnium | seaborgium bohrium hassium meitnerum | urunnilim | nenunium | uunsium uneh auadum
87 88 89102 102 104 105 106 107 108 109 110 111 112 114
Fr |Ra|**| Lr | Rf |Db| Sg | Bh| Hs | Mt (Uun|UuuUub Uuq
22y 1229 1262) [261] 1262) 1268 [264] 176 [268] 1271 1272] [217) 1289
Tanthanum ‘carum necdymum | promethium | samanum auwrcpum | gadoinum tertum dyspeosium | halmium erblum thulum ytterum
*Lanthanide series 57 58 59 60 61 62 63 65 66 67 68 69 70
La | Ce| Pr|Nd|Pm|{Sm| Eu|Gd|Tb|Dy|Ho| Er | Tm| Yb
13891 14012 140.91 144.24 1149 150 36 151.96 15725 158,03 162,50 164,93 167.26 16893 173.04
‘aelinium Thorum peclaclinum | uranium: neptunium | phitonkim T i baskelum calforniam | einslenium Termum ¥ ol "
“*Actinide series 89 920 91 92 94 95 96 a7 98 99 100 101 102
Ac|Th|Pa| U |Np|Pu|/Am|Cm|Bk | Cf | Es |Fm|Md| No
227) 23204 231 04 238.03 12371 [284] 1245 [247] 247) 1251] [252] [257) [258) 1259

A mass spectrometer usually wouldn't be

used for a pure sample of one element.

Mass Spectrometer Graphs

Compounds

You know it is a compound becauseg]
there is more than one line

The height of the line shows the
relative amount of each element

For every 90 Sulfur ions there are
60 Arsenicions

This can be reduced. For every
3S ionsthere are 2 As ions

From the periodic table, you know
Sulfur is the negative ion, so you
write it last.
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Usually whichever element is farther left of the periodic table is written first in the formula.

Lisa Tarman, MAPE.
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CASPER Research Experience for Teachers

The law of conservation of mass, states that the mass of an isolated system (closed to all matter and energy)
will remain constant over time. Even when there are chemical changes, mass must be conserved. In a chemical
reaction, the number and types of atoms in the reactants, must equal the number and types of atoms in the
products.

Consider this chemical equation: FeS + HClI > FeCl, + H,S

Iron(Il)sulfide and hydrochloric acid have a double replacement reaction to produce Iron(ll)chloride and hydrogen
sulfide.

As written, this violates the law of conservation of mass. It starts with one chlorine atom, and ends with two.
Changing the subscripts would change the compound. The equation must be “balanced” by adding coefficients,

numbers in front of the molecule.

FeS + 2HCI - FeCl, + H,S

Having 2 molecules of HCI for every 1 molecule of FeS balances the equation. Each side of the equation has 1
Fe,1S,2H,and2Cl.

Lisa Tarman, MAPE. William Penn Senior High - School District of the City of York, Pennsylvania 9



CASPER Research Experience for Teachers

Level 2

Positively charged ions are called cations. Negatively charged ions are called anions.
The cation is always written first when ions form compounds.

You can determine how ions combine if you know the valency.

Valency or valence number, is a measure of the number of bonds formed by an atom of a given element. For
many elements, you can determine the most common valence number by it's placement on the periodic table.

Elements in group 1A have valence number +1 » Elements in group 6A have valence number -2

Elements in group 2A have valence number +2 \ Elements in group 7A have valence number -1

lements in groups 3A have valence number +3:

18
BA
2

1 H He
1.008 2 S 13 14 15 16 17 4.003
{ydragen 2A 3A 4A 5A BA TA Helium

3 4 5 5] 7 B 9 10

2 Li Be B c N 0 F Ne
6941 amz 10.812 12011 14.007 15.000 18.008 20.180

Lithium Beryllium Boran Carson HNitrogan Oxygen Fluarina Near

11 12 13 14 15 16 17 18

.| Na | Mg Al si| P | s | c| A
22000 | 24.305 3 4 s 6 7 89 0 10, 11 12 ) osom | 28086 | aoors | 320se | asass | soods
Sodivm | Magnesium 3B 48 5B 6B 7B 88 1B 2B aleminum | Siicen | Phessharcs|  Sulfur Chigrine Argan

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
4| K Ca | Sc Ti v Cr | Mn | Fe | Co Ni Cu | Zn | Ga | Ge | As | Se Br Kr

39098 40,078 44 956 A7 BET 50242 51.295 54.908 55,845 58932 56.693 63.546 65.38 69723 Ta64 74922 TB.96 79,904 83738

Polassium Calcam Scandium Tranium Vanadium Chromium | Manganasa Iran sobal Nicaal Copper Zing Galum Garmanium Arganig Selanium Broming Krypion
a7 38 a9 40 41 42 43 44 45 48 47 48 48 50 51 52 53 54
s | Rb | Sr Y Zr | Nb | Mo | Tc | Ru | Rh | Pd | Ag | Cd | In Sn | Sb | Te I Xe
85468 B7.82 BB.906 a1.224 92908 85 .96 (96) 10.07 102 906 106.42 107866 1Mz412 114.818 118711 121.760 12760 126.904 131.294
Reubdivim Sirentium Yitrium Zirconium Niobium |Mclybdenum] Technativm | Ruihe nium Rhodium Palladium Silvar Cadmium Indium Tin Antimory Tallurium loding Ranon
55 56 7 72 73 74 75 76 77 78 79 80 81 B2 83 B4 85 86
5| Cs | Ba Lu Hf | Ta w Re | Os | Ir Pt | Au | Hg Tl Pb Bi Po | At | Rn
132005 | 1avzezs || 174067 | 17840 | 180948 | 18384 | 188207 | tmozz | 1seoi7 | 1esoes | 196067 | 20058 | 204.383 207.2 208,080 (209) (210} [222)
Cesium Barium Lustatium Hatnium Tartalum Tungsten Abanium Qsmium Irickum Platinum Gald Marcury Thallium Laad Bismuih Polonium Asialing Radon
ar 88 103 104 105 106 107 108 109 110 111 Mase numbers in parenthesss are those of
I I
7 Fr Ra Lr Rf Db Sg Bh Hs Mt Ds RG | the most stable ar most commen isolope.
(223) (226) 262) (267) (268) 271) 272) (270) (278) (2g1) (280}

Francium Padium Lawrencivm] Authitoidisn ] Dubnivm | Seabargium]  Bohrium {assiven | Maitnerium lharsluc'.ﬂlﬁcrﬁuninm

57 58 59 60 &1 62 63 64 65 (1] &7 &8 69 70
Lanthanide Series La Ce Pr Nd | Pm | Sm | Eu | Gd | Tb | Dy | Ho Er | Tm | Yb
138.905 140.118 140.908 144.242 (145} 150.36 151.964 157.25 158.925 162.500 164530 167.259 168.934 173,055
Lartbanum Carium P raseodymium| Nacﬂymu.m Promathium Samarum Fl.l’op um Gadalinium Tarbium -I'f‘sb-'o’)ll.m Holmium Eriem Thulium ¥harbium
B9 30 a1 92 93 a4 a5 96 a7 98 k] 100 101 102
Actinide Series Ac Th Pa U Np Pu | Am | Cm | Bk cf Es Fm | Md No
1227) 232038 | 231.008 238.029 (227 i244) 243) (247} [247) 251y [252) [257) [258) (258}
Actinium Tharium Pratactinium Uranium MNeaptunium Plutonium AmBricium GCurium Barxalium Caitemiem | Einstainium Farmium B A el L Nobalium

Some elements you just need to know or look up their valance number, like zinc is +2 and silver is +1. And for
some metals that can have more than one charge (valency). the name of the metal is succeeded by the valency

in capital Roman numerals in brackets. Copper(l) has a charge of +1 and tin(IV) has a charge of +4.

Lisa Tarman, MAPE. William Penn Senior High - School District of the City of York, Pennsylvania 10



CASPER Research Experience for Teachers

A polyatomic ion is a charged species (ion) composed of two or more atoms covalently bonded that can be

considered as acting as a single unit. A list of common polyatomic ions and their valence numbers are in the
STAAR Reference Material.

POLYATOMIC
IONS

Acetate
Ammonium
Carbonate
Chlorate
Chlorite
Chromate
Cyanide
Dichromate

A lone sign is assumed to be 1.

| The raised superscript shows the charge.

- - = Acetate has a charge of -1.
CH0;, CHLoo g

NHI
‘MCarbonate has a charge of -2
2—
CO5
Cloy
Cioy
) When ions or polyatomic ions combine, they form a neutral molecule.

Crog The ions combine in ratios such that the charges all cancel out.
CN™ If you want to combine Al with CI"*, you would need 3 chlorines for
Cr.02- each Aluminum so the charges cancel. +3 and -1 -1 -1 cancel out.

27

A subscript in the formula shows how many of each ion is present.

Hydrogen carbonate HCO;

Hydroxide
Hypachlorite
Nitrate

Nitrite
Perchlorate
Permanganate
Phosphate
Sulfate

Sulfite

Lisa Tarman, MAPE.

OH™ Remember that the cation is always written first in a compound.
Clo~ Aluminum combining with chlorine would be written AICI3
NO; o . o
If you combine zinc (+2) with the polyatomic ion nitrate (-1), you would
NO; need two nitrates for each zinc. The formula would be Zn(NO3),
Cloy
MnO, Parenthesis are used whenever there is more than one polyatomic ion.
PO3-
s0%-
S03-

William Penn Senior High - School District of the City of York, Pennsylvania
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CASPER Research Experience for Teachers

A mass spectrometer can be used to determine the chemical make up of an unknown compound.

The graph from a mass spectrometer identifies the atomic mass and relative ratio of the sample.

Mass Spectrometer Graphs

Elements

Atomic Mass (amu)

1004
You know it is an element because
there is only one line

B0

= The horizontal axis shows the

c mass number

% 604

: The mass number for this element

2404 is between 55 and 56

S

i |

LU

«

204
o v : T . i N :
10 20 30 40 S0 €0 70 S0 e0

Look on a periodic table to see what has a mass number between 55 and 56

manganese

< name of element
< atomic number

< symbol

€ mass number

b
“Lanthanide series

*“Actinide series

s | | -
7

A mass spectrometer usually wouldn’t be

used for a pure sample of one element.

Lisa Tarman, MAPE.

Mass Spectrometer Graphs

Com

pounds

You know it is a compound becausel
there is more than one line

The height of the line shows the
relative amount of each element

For every 90 Sulfur ions there are
60 Arsenic ions

This can be reduced. For every
35S ions there are 2 As ions

From the periodic table, you know
Sulfur is the negative ion, so you
write it last.
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CASPER Research Experience for Teachers

The law of conservation of mass, states that the mass of an isolated system (closed to all matter and energy)
will remain constant over time. Even when there are chemical changes, mass must be conserved. In a chemical
reaction, the number and types of atoms in the reactants, must equal the number and types of atoms in the
products.

Consider this chemical equation: FeS + HClI > FeCl, + H,S

Iron(Il)sulfide and hydrochloric acid have a double replacement reaction to produce Iron(ll)chloride and hydrogen
sulfide.

As written, this violates the law of conservation of mass. It starts with one chlorine atom, and ends with two.
Changing the subscripts would change the compound. The equation must be “balanced” by adding coefficients,

numbers in front of the molecule.
FeS + 2HCI - FeCl, + H,S

Having 2 molecules of HCI for every 1 molecule of FeS balances the equation. Each side of the equation has 1
Fe,1S,2H,and2Cl.

Be careful when there are polyatomic ions in parenthesis.

Consider this chemical equation: Hg(OH), + H3sPO,; - Hgs(PO,4), + H,O

There are 5 hydrogen ions on the left side — 2 from the hydroxide and 3 in the second compound.

On the right side, only water has hydrogen — so it comes in sets of two. An odd number of hydrogens on the left
will never balance! So a good start is to put a 2 in front of the HsPO,4. To make the mercury (Hg) balance, put a
3 in front of the mercury hydroxide. Tally up the number of each ion on the left, and determine what coefficients
are needed on the right.

3Hg(OH), + 2H3PO, -> Hgs3(PO,), + 6H,0

3 Hg 3 3 Hg 3
60 80 14 80 60 14
6 H 6 H 12 12H 12

2P 2 2P 2

Lisa Tarman, MAPE. William Penn Senior High - School District of the City of York, Pennsylvania 13
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Level 3 (overlaps some parts of Lev 2)

A polyatomic ion is a charged species (ion) composed of two or more atoms covalently bonded that can be

considered as acting as a single unit. A list of common polyatomic ions and their valence numbers are in the
STAAR Reference Material.

POLYATOMIC
IONS

Acetate C zH3°;' CH BCOO‘ < ACetate has a charge of -1.
Ammonium NHZ
/Carbonate has a charge of -2
Carbonate co?- ==
Chilorate Clo;y
Chlorite co;
) When ions or polyatomic ions combine, they form a neutral molecule.

Chromate crog The ions combine in ratios such that the charges all cancel out.
Cyanide CN™ If you want to combine AlI*® with CI™*, you would need 3 chlorines for
Dichramate Cr,02- each Aluminum so the charges cancel. +3 and -1 -1 -1 cancel out.

A subscript in the formula shows how many of each ion is present.
Hydrogen carbonate HCOj
Hydroxide OH™ Remember that the cation is always written first in a compound.
Hypachlorite Clo™ Aluminum combining with chlorine would be written AICI3
Nitrate NOZ

If you combine zinc (+2) with the polyatomic ion nitrate (-1), you would
Nitrite NOZ need two nitrates for each zinc. The formula would be Zn(NO3),
Perchlorate Cloy
Permanganate MnO; Parenthesis are used whenever there is more than one polyatomic ion.
Phosphate PO;~
Sulfate S0%~
Sulfite 50§‘

Lisa Tarman, MAPE.

The raised superscript shows the charge.

A lone sign is assumed to be 1.

William Penn Senior High - School District of the City of York, Pennsylvania
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CASPER Research Experience for Teachers

A mass spectrometer can be used to determine the chemical make up of an unknown compound.

"

The graph from a mass spectrometer identifies the atomic mass and relative ratio of the sample.

Mass Spectrometer Graphs

Elements

Atomic Mass (amu)

Look on a periodic table to see what has a mass number between 55 and 56

manganese iran

25 26
Mn| Fe
54,938 55.845

cobalt € name of element
27 € atomic number
c 0 € symbol
58.933 € mass number

1004 L
You know it is an element because
there is only one line
:_SEI-
= The horizontal axis shows the
c mass number
42 &0
: The mass number for this element
2404 is between 55 and 56
]
-
[T} =
o
204 | 518
0 : e o ey
10 20 30 40 S0 60 70 a0 &0

“Lanthanide sefies

* “Actinide series

st

5 € 7

B|IC|N

* %

A mass spectrometer usually wouldn’t be

used for a pure sample of one element.

Mass Spectrometer Graphs

Com

pounds

You know it is a compound becausel
there is more than one line

The height of the line shows the
relative amount of each element

For every 90 Sulfur ions there are
60 Arsenic ions

This can be reduced. For every
35 ionsthere are 2 As ions

From the periodic table, you know
Sulfur is the negative ion, so you
write it last.
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c
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v
204
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Lisa Tarman, MAPE.

William Penn Senior High - School District of the City of York, Pennsylvania

15




CASPER Research Experience for Teachers

The law of conservation of mass, states that the mass of an isolated system (closed to all matter and energy)
will remain constant over time. Even when there are chemical changes, mass must be conserved. In a chemical
reaction, the number and types of atoms in the reactants, must equal the number and types of atoms in the
products.

Consider this chemical equation: FeS + HClI > FeCl, + H,S

Iron(Il)sulfide and hydrochloric acid have a double replacement reaction to produce Iron(ll)chloride and hydrogen
sulfide.

As written, this violates the law of conservation of mass. It starts with one chlorine atom, and ends with two.
Changing the subscripts would change the compound. The equation must be “balanced” by adding coefficients,

numbers in front of the molecule.
FeS + 2HCI - FeCl, + H,S

Having 2 molecules of HCI for every 1 molecule of FeS balances the equation. Each side of the equation has 1
Fe,1S,2H,and2Cl.

Be careful when there are polyatomic ions in parenthesis.

Consider this chemical equation: Hg(OH), + H3sPO,; - Hgs(PO,4), + H,O

There are 5 hydrogen ions on the left side — 2 from the hydroxide and 3 in the second compound.

On the right side, only water has hydrogen — so it comes in sets of two. An odd number of hydrogens on the left
will never balance! So a good start is to put a 2 in front of the HsPO,4. To make the mercury (Hg) balance, put a
3 in front of the mercury hydroxide. Tally up the number of each ion on the left, and determine what coefficients
are needed on the right.

3Hg(OH), + 2H3PO, -> Hgs3(PO,), + 6H,0

3 Hg 3 3 Hg 3
60 80 14 80 60 14
6 H 6 H 12 12H 12

2P 2 2P 2

Lisa Tarman, MAPE. William Penn Senior High - School District of the City of York, Pennsylvania 16



CASPER Research Experience for Teachers

The following is adapted from :
http://misterguch.brinkster.net/6typesofchemicalrxn.html

All chemical reactions can be placed into one of six categories.

1) Combustion: A combustion reaction is when oxygen combines with another compound to form water
and carbon dioxide. These reactions are exothermic, meaning they produce heat. An example of this
kind of reaction is the burning of napthalene:

CioHs +12 0, - 10 CO,+ 4 H,0

2) Synthesis: A synthesis reaction is when two or more simple compounds combine to form a more
complicated one. These reactions come in the general form of:

A+B-> AB

One example of a synthesis reaction is the combination of iron and sulfur to form iron (lII) sulfide:

8 Fe + Sg> 8 FeS

3) Decomposition: A decomposition reaction is the opposite of a synthesis reaction - a complex
molecule breaks down to make simpler ones. These reactions come in the general form:

AB->A+B

One example of a decomposition reaction is the electrolysis of water to make oxygen and hydrogen gas:

2H,0>2H,;+0;

4) Single displacement: This is when one element trades places with another element in a compound.
These reactions come in the general form of:

A+BC->AC+B

One example of a single displacement reaction is when magnesium replaces hydrogen in water to make
magnesium hydroxide and hydrogen gas:

Mg + 2 H20 > Mg(OH)2 + H:

Lisa Tarman, MAPE. William Penn Senior High - School District of the City of York, Pennsylvania 17
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5) Double displacement: This is when the anions and cations of two different molecules switch places,
forming two entirely different compounds. These reactions are in the general form:

AB +CD > AD +CB

One example of a double displacement reaction is the reaction of lead (ll) nitrate with potassium iodide
to form lead (Il) iodide and potassium nitrate:

Pb(NO;), + 2 KI > Pbl, + 2 KNO;

6) Acid-base: This is a special kind of double displacement reaction that takes place when an acid and
base react with each other. The H" ion in the acid reacts with the OH™ ion in the base, causing the
formation of water. Generally, the product of this reaction is some ionic salt and water:

HA + BOH - H,0 + BA

One example of an acid-base reaction is the reaction of hydrobromic acid (HBr) with sodium hydroxide:

HBr + NaOH - NaBr + H,0

Lisa Tarman, MAPE. William Penn Senior High - School District of the City of York, Pennsylvania 18
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Question Bank — Clue 4

Level 1
How many sodium ions are in 2Na,O?

Answer: 4

How many lead ions are in 3PbsN,?

Answer: 9

How many nitrogen ions are in 3PbsN,?

Answer: 6

How many copper ions are in Cu3P,?

Answer: 3

How many iron ions are in 2FeBr,?

Answer: 2

How many bromine ions are in 2FeBr,?

Answer: 4

How many carbon ions are in 2C;,H2,01,?

Answer: 24

How many oxygen ions are in 2C;,H,01,?

Answer: 22

Lisa Tarman, MAPE. William Penn Senior High - School District of the City of York, Pennsylvania
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What is the function of a mass spectrometer?

A. to measure the mass of an unknown substance
B. to measure the spectrum of radiation reflected by an unknown substance

C. to determine the elements that make up an unknown substance

Answer:

C

Use a periodic table to identify the element in this mass spectrometer graph:
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Answer: sodium

Use a periodic table to identify the element in this mass spectrometer graph:
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Use a periodic table to identify the element in this mass spectrometer graph:
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Answer: bromine

Write the formula for the compound represented by this mas

s spectrometer graph:
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Write the formula for the compound represented by this mass spectrometer graph:
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Write the formula for the compound represented by this mass spectrometer graph:

1004

E m oo
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Relative Intensity

r
e

Atomic Maszs Camu

Answer: AICl;

Directions - Enter coefficients separated by spaces. Type “-“ if there is no coefficient

Balance the equation: NaCl + BeF, —» NaF + BeCl,

Answer: 2 -2 -

Balance the equation: ALO; —» Al + O,
Answer: 243

Balance the equation: CH; + O,— CO, + H,O

Answer: -2 -2

Balance the equation: KCIO; — KCI + 0O,
Answer: 223

Balance the equation: Mg + Mn,O; > MgO + Mn
Answer: 3—-32

Balance the equation: Sg+ 0, — SO,

Answer: - 8 8

Lisa Tarman, MAPE. William Penn Senior High

- School District of the City of York, Pennsylvania
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Level 2

Do cations have a positive of negative charge?

Answer: positive

Do anions have a positive of negative charge?

Answer: negative

What is the valence number for Beryllium?

Answer: +2

What is the valence number for Sodium?

Answer: +1

What is the valence number for Chlorine?

Answer: -1

What is the valence number for Oxygen?

Answer: -2

What is the valence number for iron(III)?

Answer: +3

What is the valence number for mercury(II)?

Answer: +2

What is the valence number for the polyatomic ion sulfite?
Answer: -2

What is the valence number for the polyatomic ion dichromate?
Answer: -2

What is the valence number for the polyatomic ion ammonium?
Answer: +1

What is the valence number for the polyatomic ion cyanide?

Answer: -1

Lisa Tarman, MAPE. William Penn Senior High - School District of the City of York, Pennsylvania
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Write the chemical formula when lithium and sulfur combine?

ANSWER: Li,S

Write the chemical formula when barium and fluorine combine?

ANSWER: BaF,

Write the chemical formula when beryllium and nitrogen combine?

ANSWER: Be;N,

Write the chemical formula when copper(I) and oxygen combine?

ANSWER: Cu,O

Write the chemical formula when lead(I1) and iodine combine?

ANSWER: Pbl,

Write the chemical formula when magnesium and the polyatomic ion carbonate combine?
ANSWER: MgCO;

Write the chemical formula when calcium and the polyatomic ion chlorate combine?
ANSWER: Ca(ClOs3),

Write the chemical formula when copper(Il) and the polyatomic ion hydroxide combine?
ANSWER: Cu(OH),

Write the chemical formula when palladium(II) and the polyatomic ion nitrate combine?
ANSWER: Pd(NOs),

Write the chemical formula when the polyatomic ions ammonium and chromate combine?

ANSWER: (NH4),CrO,

Lisa Tarman, MAPE. William Penn Senior High - School District of the City of York, Pennsylvania
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Write the formula for the compound represented by this mass spectrometer graph:
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Write the formula for the compound represented by this mass spectrometer graph:
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Write the formula for the compound represented by this mass spectrometer graph:
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Write the formula for the compound represented by this mass spectrometer graph:
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Write the formula for the compound represented by this mass spectrometer graph:
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Directions - Enter coefficients separated by spaces. Type

Balance the equation

ANSWER: -2-2

Balance the equation

ANSWER: -623

Balance the equation:

ANSWER: 22 -4

Balance the equation:

ANSWER: 2524

Lisa Tarman, MAPE.

. Sl’lOz + Hz -> Sn + Hzo

: V,05 + HCI - VOCl; + H,O

NHsNO; =2 N; + O, + H,O

N, + O, + H,O - HNO;

William Penn Senior High

1313

if there is no coefficient
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Level 3

Write the chemical formula when caesium and carbonate combine?

ANSWER: Cs,CO3

Write the chemical formula when chromium(III) and oxygen combine?

ANSWER: Cr;03

Write the chemical formula when germanium(Il) and fluorine combine?

ANSWER: GeF,

Write the chemical formula when magnesium and phosphate combine?

ANSWER: Mg3(PO,),

Write the chemical formula when potassium and carbonate combine?

ANSWER: K2C03

Write the chemical formula when lead(II) and nitrate combine?

ANSWER: Pb(NO;),

Write the formula for the compound represented by this mass spectrometer graph:

1004 HINT: it contains polyatomic ions
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404 ANSWER: AI(NO3);

Relative Intensity

204

Atomic Mass Camud
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Write the formula for the compound represented by this mass spectrometer graph:
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Directions - Enter coefficients separated by spaces. Type “-“ if there is no coefficient

Balance the equation: Agl + Fe,(CO3); = Fels + Ag,CO;

ANSWER: 6-23

Balance the equation: H,SO, + B(OH); = By(SO4); + H,O

ANSWER: 32-6

Balance the equation: BaszN, + H,0 - Ba(OH), + NH3

ANSWER: -632

Balance the equation: FeS + O, 2> Fe;O3 + SO4

ANSWER: 4724

What type of reaction is each?
1) NaOH + KNO3; = NaNO; + KOH

2) CH;+2 0, > CO,;+2 H,0O

3) 2Fe +6 NaBr - 2 FeBr; + 6 Na

4) CaSO, + Mg(OH), > Ca(OH), + MgSO,
5) NH4;OH + HBr - H,O + NH4Br

6) Pb+ O, > PbO;

7) Na2C03 > Na20 + C02

Lisa Tarman, MAPE. William Penn Senior High
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Answer:

Answer:

Answer:

Answer:

Answer:

Answer:

double replacement
combustion

single replacement
double replacement
acid-base

synthesis

decomposition
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2010 Physics DVD

I made this index when | was converting the DVD into .mp4’s to use in my presentation
DVD Menu Slide

© 00 N o 0o~ W N P

N NN NN R P R R R R R R R
A W NP O © 0N O 0o W N P O

25

Text on red wavy background — kinetic energy on door

Text on red wavy background — thermodynamics of coffee

Text on red wavy background — density

Text on red wavy background — balancing equations

Text on red wavy background — parallel and series circuits

Text on red wavy background — You're RIGHT! It was the mascot

1m49s
1h17m43s
41s
CASPER
2m34s
5m25s
9m26s
6m48s
12m30s
12m15s
Sml4s
2m35s
3ml4s
2m46s
3m33s
3mls

Lisa Tarman, MAPE.

Security camera footage
? the whole stage show
CASPER production

Crime scene with evidence number markers
Opening scene

Intro & Breaking the door

?

playing with slime

rubber duck

circuits

Scientist in lab coat — Clue 1
Scientist in lab coat — Clue 2
Scientist in lab coat — Clue 3
Scientist in lab coat — Clue 4
Scientist in lab coat — Clue 5
Laser Show

Credits
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Additional files

Presentation Folder — contains the PowerPoint file and movie files that Danielle Moore
and | presented about the Physics Circus

Classroom.pptx - the slides | created and discussed in Steve Rapp & Gar Shetler’s
presentation about RET research

TarmanPoster2012.ppt — the poster to hang in my classroom
LisaJulyllRed.xlsx - data analysis for my 2 seconds of red laser images

LisaJulyl2Green.xtsx — data analysis for my 2 seconds of green laser images

Lisa Tarman, MAPE. William Penn Senior High - School District of the City of York, Pennsylvania
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Impact on my teaching

| had an amazing summer immersed in a thriving academic setting. | believe my
experience translates into enthusiasm that benefits my students more than those of a
teacher that spent their summer by the pool. My urban students don’t know a scientist or
engineer. | am their closest personal link to a STEM career. The pictures | share and
stories | tell, give students a feel for what researchers and graduate students do.

Besides my renewed enthusiasm and rich variety of exposure to actual research, | have
real data to bring back to my classroom. | plan to explain and use pictures to show the
process | used to gather the data and have my students use Excel spreadsheets to
perform the same analysis | did. | know CASPER staff would be willing to interact with
my class via Skype or email to answer any questions we have.

I'd like to thank all CASPER faculty and staff for the rewarding professional experience
from which | have benefitted greatly. Baylor University is a great place to be.
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