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Charles' Law

ACTIVITY A:

INDIVIDUAL GAS LAWS
Fill in the blanks below using the given initial and final conditions of a gas.

Initial Conditions

1

P1 = 		
V1 = 10. L

atm

P2= 3.0 atm
V2 = 5.0 L
P2= 1.20 atm
V2 =
L

P1 = 820 mm Hg
V1 = 3.5 L

P2=
atm
V2 = 0.75 L

4

P1 = 150,000 Pa
V1 =
dm3

P2= 750 torr
V2 = 0.50 L

5

V1 = 2.00 L
T1 = 		

V2= 1.75 L
T2 = 298.15 K

K

V2=
L
T2 = 123.15 K

V1 = 0.80 L
T1 = 373.15 K

7

V1 = 		
T1 = 198.15 K

mL

2

3

Gay-Lussac's Law

Can you help Joseph choose the correct destination to
school?

Trial

Variable X

Variable Y

1
2
3
4
5

0.5
1.0
2.0
4.0
8.0

12
6
3
1.5
0.75

V2= 1.5 L
T2 = 300.15 K
V2= 250. mL
T2 =
K

8

P1 = 0.50 atm
T1 = 273.15 K

P2=
atm
T2 = 373.15 K

9

P2= 155 psi
T2 = 298.15 K

10

P1 = 		
T1 = 328.15 K

11

P1 = 225,000 Pa
T1 = 		
°C

P2= 3.50 atm
T2 = 423.15 K

P1 = 980. mm Hg
T1 = -50.0 °C

P2= 30.0 psi
T2 =
K

Where should Joseph go? Circle the correct destination.
left

3

Boyle's Law

6

V1 = 650. cm3
T1 = 45.0 °C

atm

GAS UP!
Joseph was requested to fetch his niece from school.
However, he is not familiar with the road going to school
and needs your help. He reaches a crossroads, learning that
the only way to choose the correct destination is to identify
the appropriate gas law from a set of data. The table below
shows the data with unknown variables. Graph the following
data points and identify which gas law the graph corresponds
to.

Final Conditions

P1 = 2.50 atm
V1 = 6.00 L

ACTIVITY B:

straight ahead

right

12
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ACTIVITY C:

SUMMATIVE-GAS LAWS

Multiple Choice: Write the letter of the best answer on the blanks provided.

1. A sample of gas has a volume of 5.75 L at –11.7 °C and 650 mm Hg.
What will be its volume (in L) at 3.79 °C and 720 mm Hg?
A. 5.0 L
B. 5.5 L

C. 6.0 L
D. 6.5 L

2. In a 0.65 L container, a sample of gas is kept at 131.3 °C and 78,000
Pa. What will be its temperature (in Kelvin) when it is transferred to a
2.4 L container at 0.23 atm?
C. 362 K
A. 513 K
D. 446 K
B. 427 K

3. A 40.0 L cylinder contains 18.6 mol of Ne(g) at 25 °C and 1 atm.
How many moles of Ne(g) is released to a 25 L cylinder at constant
temperature and pressure?
A. 16.8 mol
B. 11.6 mol

C. 23.5 mol
D. 29.8 mol

4. In a 6.23 dm3 container, 3.70 mol of gas A was completely
converted to gas B in the following reaction,
A→⅔B
What volume (in L) will gas B occupy assuming the temperature and
pressure were kept constant?
A. 4.15 L
B. 0.68 L

5

C. 1.46 L
D. 5.24 L

5. Which pair of variables will be inversely proportional assuming all
other conditions remain constant?
A. V and 1/T
B. P and T

C. V and n
D. P and 1/V

6. You bought a bag of potato chips at a beach shop. You brought
it when you went hiking on the mountains and noticed that the bag
of chips inflated to the point of bursting. You concluded that the
atmospheric pressure in the mountains is ____x____ than at the
beach. For this reason, the pressure of the gases inside the bag
became ____x____ than the external atmospheric pressure which
caused the bag to expand.
A. higher, greater
D. lower, less

C. higher, less
D. lower, greater

7. What do you expect to happen to the pressure of a gas if its volume
is halved and its temperature is tripled?
A. The pressure decreases to 2/3 its original value.
B. The pressure decreases to 1/6 its original value.
C. The pressure increases to 6 times its original value.
D. The pressure increases to 3/2 its original value.

8. A weather balloon is heated from 25 °C to 62 ºC. In effect, the
gas inside the weather balloon increases in volume. Which gas law
explains this phenomenon?
A. Boyle's Law
B. Charles' Law
C. Gay-Lussac's Law
D. Avogadro's Hypothesis
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ACTIVITY D:

1

Crossword Puzzle: Fill in the blanks

IDEAL GAS LAWS
I. What Now?
From the combined gas equation, predict the effects of the following scenarios.

3

2
4

5

6

1. Doubling the temperature of a gas will also 			

the pressure

that the same gas is exerting.

2. Doubling the temperature and multiplying the number of moles by three will
multiply the volume by 		

7

3. Increasing the pressure will 			

.
the molar

concentration of the gas.
8

4. If the mass of the sample gas is halved, the volume of the gas will 		
by
9

.

5. Doubling the pressure will 		

the molar volume of the gas by

.

10

II. Challenge Yarn?!
11

DOWN
ACROSS
4. It is a phase of matter with no definite
shape and size. It can be compressed
easily.
5. It is the average effect of the forces of
the colliding molecules in a confined gas.
7. Gas molecules can be considered as
spherical bodies which possess ___
mass and volume.
9. He was the first to suggest that the
volume of a gas is directly proportional to
the number of moles of gas.
10. The ____ Molecular Theory explains
the properties and behavior of gases.
11. It is the absolute temperature scale.

7

1. The number of ___ quantifies the
amount of a substance.
2. He found out that as the pressure of a
gas is increased, the volume decreases.
3. The average kinetic energy of the
molecules is directly related to the ____
of gas.
4. He deduced that the pressure of
the gas is directly proportional to its
temperature.
6. Collisions among molecules are
perfectly ____. Energy may transfer
between molecules but the total energy
remains constant.
8. He found out that at constant pressure,
the volume of fixed amount of gas is
directly proportional to temperature in K.

1. A perfect gas has undergone expansion at constant temperature, which
increases its volume by 2.27 cm3. If the final volume and pressure of the gas are 5.60
cm3 and 575 mmHg, respectively, what is the original pressure of the gas in bar?

2. Assuming that a sample xenon gas acts as a perfect gas, can 124 g of xenon
gas in a vessel with a volume of 2.3 L exert a pressure of 5.68 atm at 290 K? If
not, what will be the pressure it will be exerting?

8

3. At
what
temperature
will
2.50
moles
of
argon
achieve a volume of 12.0 dm3 at a pressure of 1.08

gas
atm?

8. Find the molar volume of an argon gas that is exerting 793.50 mmHg of
pressure at 28.9 ºC.

4. An unknown gas has a molecular mass of 53.2 g/mol. Calculate
its density (in kg/m3) if it exerts a pressure of 0.73 atm at 200.0 K.

9. 12.0 moles of argon gas are inside a vessel with a volume of 23.0 L at
35.0 ºC. What is the pressure that the gas is exerting? What will be its partial
pressure if 6.0 moles of nitrogen gas are added in the vessel? What will then
be the total pressure inside the system after the addition of nitrogen gas?

5. A sample gas with a density of 0.0130 g/mL has a molecular mass of 132.02
g/mol. At what temperature will the sample gas exert a pressure of 845 mmHg?

10. A vessel of volume 0.0187 m3 contains 16.0 g N2 at 290.12 K initially. Assuming
all the H2 reacted with sufficient N2 to form NH3, calculate the partial pressures
and the total pressure of the final mixture.

III. Challenge Yourself
6. How much pressure will 0.0750 M of argon gas exert at 40.0 ºC?
1. From the combined gas equation, derive a formula for the mass of an
unknown gas.

7. A sample of nitrogen gas is exerting a pressure of 1.27 atm at 32.0 ºC.
Calculate the molar concentration of the sample gas.

9

10

2. The van der Waals equation is another equation of state just like the combined
gas equation. However, unlike the latter which assumes that the gas is behaving
perfectly, the van der Waals equation, to an extent, predicts the behavior of a
real gas under certain conditions. The said equation can be expressed as:

p = nRT

V - nb

_

an2
V2

The constants a and b are called the van der Waals coefficients, with a representing
the strength of attractive interactions and b that of the repulsive interactions
between the molecules. They are characteristic of each gas and taken to be
independent of the temperature. From the equation above, estimate the value of
a for a 92.40-kg nitrogen gas when it exerts 140.0 atm of pressure inside a 1.000m3 vessel at 500.0 K. The van der Waals parameter, b, for nitrogen gas is 0.0387
dm3 mol-1 (Use four significant figures). Compare your answer to the recorded
a of nitrogen gas which is 1.352 dm6 atm mol-2 and calculate the percent error.

ACTIVITY E:

PRELUDE TO CHEMICAL
REACTIONS
This worksheet is divided into two parts. Part I is comprised of multiple-choice
questions pertaining to the law of conservation of mass, while Part II is composed
of questions regarding the terminologies involved in writing chemical equations.
I. Rules are rules! Law of Conservation of Energy
The Law of Conservation of Mass is one of the
fundamental concepts that govern the universe.
It simply means that the amount of matter
(mass) is neither created nor destroyed after
it has undergone a chemical and/or physical
change. Use the following example as a guide in
answering the questions:
50 grams of ice

melting

LAW OF
CONSERVATION
OF MASS
states that mass is
always conserved in
chemical reactions.

50 grams of liquid water

Melting 50 grams of ice should result to 50 grams of water.
It is erroneous to say that melting 50 grams of ice would result
to 49 grams of liquid water. This is because the mass of ice is netiher created nor
destroyed after it has undergone a physical change (from solid to liquid), which
follows the Law of Conservation of Mass. Now, it's your turn to apply the concept
and analyze the given situations.

3. Share the funniest chemistry joke you know!

1. Moth balls are made up of a chemical called naphthalene and
they undergo sublimation at room temperature. If 500 grams of
naphthalene sublimes at room temperature, how many kilograms
of naphthalene vapor is released to the atmosphere?
A. 500

B. 0.5

C. 0.05

D. 5

2. If you dissolved 47.8 grams of salt and 39.6 grams of sugar in
1.0 kilogram of water, what is the expected weight of the resulting
solution in grams?
A. 1087.4

B. 88.4

C. 87.4

D. 1084.7

3. Vinegar is majorly composed of acetic acid diluted in water.
The government requires commercial vinegar to be comprised of
at least 4.5% acetic acid by mass. In order to make sure that they
have met the government standard, Company X conducted tests.
it was determined that a sample of 550 grams of their vinegar

11
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contains 4.95% acetic acid by mass, with 27.225 grams of acetic
acid. What is the mass of water in the vinegar solution in grams,
assuming that it only contains acetic acid and water?
A. 574

B. 522

C. 523

D. 577

4. The formation of sodium chloride, more commonly known as
table salt, is chemically represented as Na + Cl → NaCl. How many
pounds of NaCl is expected to be produced when 35.453 grams
of chlorine reacts with 22.9 grams of sodium? (Assuming that the
molecular weight of sodium is exactly 22.9 grams/mol)
A. 58.353

B. 0.128

C. 2.058

D. 0.127

5. Humans have a smaller weight when they're in the moon as
compared to when they're on Earth. This is because the gravity
of the moon is smaller than that of Earth. Does this phenomenon
follow the Law of Conservation of Mass? Choose the best answer.

the uncombined nitrogen and hydrogen gas through a section made of
magnetite (Fe3O4) mixed with potassium hydroxide (KOH), silica (SiO2), and
aluminum oxide (Al2O3) that increases the surface area thus, increasing the
collision of nitrogen and hydrogen. Nitrogen and hydrogen gas are pumped
through a series of sections that would "force" them to combine and form
ammonia and condense this ammonia to liquid. After the process is completed,
the liquid ammonia is collected which will then be used for fertilizers, as well
as starting materials for nitric acid and ammonium nitrate.

1. What is the chemical
equation for the Haber-Bosch
Ammonia Process?

2. What is/are the reactant(s)
involved in this chemical
reaction?

A. No, because their weights changed, indicating a change in
mass.
B. No, because their weights on Earth and the moon should
be equal.
C. Yes, because weight does not refer to mass.

3. What is/are the product(s)
of this chemical reaction?

D. Yes, because their masses remain constant. Their weights
differed due to difference in gravity.
II. Which is which?
In the given situation, identify the chemical equations, reactant(s), product(s), and
catalyst.
HABER-BOSCH AMMONIA PROCESS: Bringing food to our tables

Compounds containing nitrogen are utilized worldwide in order to quicken the
growth of agricultural crops. One of these compounds is ammonia and in the
United States alone, 85% of their ammonia supply is allocated for fertilizers.
In 1908, Fritz Haber developed a method to produce ammonia directly from its
elemental composition. A few years later, Carl Bosch innovated a method in
which ammonia can be mass-produced at an industrial scale. This method is
popularly known as the Haber-Basch Method. It is chemically represented as:

At room temperature (25 °C), this reaction is extremely slow. So, in order
to increase the rate at which ammonia is produced, industrial plants do the
following in order to quicken the process: increase the temperature or pump
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4. What are the catalysts
involved in this process?

AMYLASES: Chemical Reactions at the tip of our tongues
One of the most vital job of proteins is to act like enzymes. The human body is
rich in enzymes, which are characterized by two major properties: they speed
up the chemical reactions of various biological processess without being
consumed, and they speed up these reactions without changing the chemical
equilibrium between products and reactants.
Our saliva is made up of amylases, a group of enzymes that speed up the
hydrolyzation (process of "breaking down" a compound by adding water) of
starch, which is commonly found in flour and root crops. Starch is polysaccharide
and the body prefers to consume simple sugars such as glucose. So, in order
to do so, the amylases found in our saliva speeds up the hydrolysis of starch,
a "complicated" sugar, into glucose, a simple sugar. This glucose will then
take part in various metabolic reactions that keep us alive. This process is
illustrated by the following figure:

14

ACTIVITY F:

WRITING CHEMICAL
EQUATIONS
I. Find the error inside the chemical equation and fix it.

1

5. In this reaction, what is the
catalyst?

6. What is the difference
between the catalyst in the
Haber-Bosch Ammonia
Process and the hydrolysis of
starch to glucose?

2
3
4
II. Analyze the chemical equation and answer the questions.
1. Bong failed his chemistry quiz and did not want his parents to find out. he decided
to search online how to combust paper so his parents can't find his score. One major
component of paper is cellulose (C6H10O5)n.

Bong quickly got his test paper and left it on the floor knowing that oxygen gas is
present almost anywhere. However, an hour passed and the paper is still there. How
come Bong's test did not combust as the chemical equation suggested? What was
Bong missing?

15

16

2. Bong eventually found a way to burn his test. However, Bong did not want the
fire to spread to his room so left the paper inside a sealed small container. his
parents later got home and opened the container only to find out that Bong failed
his chemistry test as portions of the paper still remained. Why did the paper not burn
completely?

IV. Identify the types of reactions.

1.
2.
3.

4.

TYPES OF CHEMICAL REACTIONS:
Synthesis, Decomposition, Single displacement, Double Displacement

5.

III. Describe each type of reaction.

2. DECOMPOSITION

6.

1. SYNTHESIS

7.

8.

COMBUSTION OF HYDROCARBONS

3. SINGLE DISPLACEMENT

4. DOUBLE DISPLACEMENT

For a combustion reaction to occur, three components are required. There needs
to be fuel, heat, and oxygen. Fuel here could be found in the form of hydrocarbons.
Combustion of hydrocarbons normally follows this equation:
Hydrocarbon + Oxygen → Carbon dioxide + Water Vapor + Heat

V. Fill in the proper products for the complete combustion of the given hydrocarbons.
1. Propane (C3H8) is a hydrocarbon that is normally used for fueling cooking stoves
or heating water.

17
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2. Diesel is a type of fuel used by some cars to run their engines. Diesel fuel is a
mixture of various alkanes, paraffins, olefins, and naphthenes. Tridecane (C13H28)
is an example of alkane present inside diesel. Find the complete combustion of
tridecane.

3. Octane (C8H18) is a component present in gasoline. Find the complete combustion
of octane.

ACID AND BASE REACTIONS
An acid base reaction is a special type of chemical reaction. it involves the reaction
of an acid and a base that creates water and salt as products. Normally, when
reacting an acid with a base, such formula follows:

VIII. Answer the pertinent questions.
1. What kind of reaction do you think acid-base reactions are?

2. Litmus paper is used to measure the pH of a substance. If the paper turns
red, then it means that the substance has a low pH, hence the presence of
acidity. The opposite is the case if the paper turns blue, meaning it has a high
pH, hence the presence of base.
You collected rain water and decided to dip litmus paper in it. After dipping it,
you noticed that the paper turned somewhat reddish. What does this say about
the rain water?

Acid + Base → Salt + Water

VI. Identify the acid and base present in the reaction.
REDOX REACTIONS
Acid

Base

Acid

Base

1.

A reduction-oxidation or redox reaction is a chemical reaction involving the transfer
of electrons among two substances. The substance that loses an electron has
been oxidized, whereas the one that gains an electron has been reduced.

From the example here, we can see that Na has oxidized,
while Cl has reduced upon reacting with one another.

OIL RIG

2.

Oxidized is Loss
Reduced is Gain
Acid
3.

VII. Rewrite the acid base reactions in a formula.
1. Sodium hydroxide reacts with phosphoric acid

2. Hydrochloric acid reacts with calcium hydroxide

19

Base

Here we can see that the charge of both sodium and chlorine
at their base state is 0, which changes when they both react
with one another.
Sodium gets a 1+ charge losing two electrons, whereas chlorine gets a 1- charge
for gaining two electrons. Two electrons were gained and loss by both sodium and
chlorine despite having a charge of 1 due to the coefficient of 2 present in sodium
chloride.

Here are some tips:

Base states
has a charge
of 0.

Oxygen
normally has
a charge of 2when it is not in
its base state.

Alkali metals
normally have a
charge of 1+, while
earth alkali metals
have 2+ given that
they are not in
base state.
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IX. Identify which substance oxidizes and which substance reduces. Afterwards,
label the charge present before and after the reaction for each reactant.

2.

1.

ACTIVITY G:

BALANCING CHEMICAL
REACTIONS
I. Balance the following chemical reactions. In the following chemical reactions,
there are a variety of empty boxes. Use the coefficient inside each box to match the
letter before each reaction and finally, complete the missing words in the following
sentences. For reactions with multiple empty boxes, use the sum of all coefficients
inside the boxes to match the letter.
Example:

The rusting of iron could be described in this equation:

3.

22
X. 										X=
22
5
6
5
3
2
2
W. 										W=23

4.

Answer the following:
O. 										O=
U. 										U=
S.										S=

X. Identify which substance oxidizes and which substance reduces in the given
reactions. Afterwards, label the charge present before and after the reaction for
each reactant.

Acid rain is created when smoke is mixed with water vapor in the sky
that later precipitates as rain. There are numerous sources of these
pollutants with the burning of coal being one of the most notable.
People burn coal to be able to create energy and electricity. Burning
coal, however, releases sulfur ash in the sky in the form of smoke. The
process is describe below:

T.										T=
D.										D=
E.										E=
R.										R.=
M.										M=
V.										V=

Formation of H2SO3(aq), sulfurous acid

L.										L=
Formation of H2SO4(aq), sulfuric acid

N.										N=
Y.										Y=
A.										A=

1.

B.										B=
G.										G=

2.
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I.										I=

22

H. 										H=

4. An enzyme-catalyzed reaction can be described by the ________ equation. The
overall rate of the reaction is a function of the rates of formation and breakdown of
an enzyme-substrate (ES) complex.

C. 										C=
P.										P=

-

F.										F=

3
II. Slow much?! Y'all need Enzymes!
Oftentimes, some chemical reactions take time, with some taking up to million
years to achieve the reaction half-time! Fortunately, there are enzymes that speed
up these reactions. Enzymes are proteins folded into complicated shapes that act
as a biological catalysts (biocatalysts) for certain reactions. The molecules which the
enzymes act with are called substrates, while the converted substrates are called
products. Listed below are some additional information about enzyme, use the letters
and numbers derived from the previous work.
1. Enzymes are usually named after the reaction they catalyze. For example,
isomerases aid in isomerization reaction. What is the general name for enzymes
that catalyzes bond formation reaction that is coupled with ATP hydrolysis?

10

11

7

4

18

1

10

14

3

18

12

5

18

12

5. The decarboxylation of acetoacetate into acetone produces an intermediate
product (enolate) that has a very high free energy of activation. The similar reaction
can be catalyzed by a primary amine (RNH2) and produces an imine product which
can also be called ______ which then decomposes into acetone.

14

11

7

10

13

13

20

4

14

18

III. Feeling confused, might delete later. #What'sKrebsCycle?

1

10

8

4

14

18

14

2. Enzymes use a variety of mechanisms to catalyze a reaction. The most general
will be acid-base catalysis, metal ion catalysis, and finally _________ catalysis.

11

6

15

4

1

18

12

1. The Krebs Cycle, also known as the citric acid cycle, is a series of aerobic processes
that helps organisms to derive their stored energy. It is the second stage of cellular
respiration, a three-stage process by which living cells break down organic fuel
molecules in the presence of oxygen to harvest the energy they need to grow and
divide. The citric acid cycle (CAC) is followed by the oxidative phosphorylation and
is preceded by the breakdown of glucose into __________.

22

5

3. Enzymes can only work in certain environmental condition. For example, intestinal
enzymes work best at pH=7.5 while stomach enzymes work in pH=2.0. Similarly,
environment temperature can affect the efficiency of enzymes. If the temperature
is too high or if the environment is too acidic or alkaline, the enzyme can undergo
___________.

9

23

18

12

4

5

2

17

4

5

10

6

2

15

4

5

18

14

2. The cycle was first established by the 1937 Nobel Prize winner in Physiology or
Medicine, Albert Szent-Gyōrgyi when he discovered several of its reactions and
components, such as ______ acid.

13
16

17

2

3

4

17

10

11

12

24

3. The whole eight-step citric acid cycle was then proposed by the German-born
British biochemist Hans Adolf Krebs, awardee of the 1953 Nobel Prize in Physiology
or Medicine. Although he elucidated most of the reactions in the pathway, there
were gaps in his designs which were then filled and corrected by _______ and
Nathan Kaplan in 1945 when they discovered the coenzyme A, which then gave
birth to the CAC as it is known today.

Z

13

17

10

5

0

1

10

22

3

4

12

12

4. Similar to its preceding process, the Krebs cycle takes place in the mitochondrial
matrix. Almost all the enzymes used in the Kreb cycle are soluble except the
enzyme _______ dehydrogenase, which is embedded in the inner membrane of
the mitochondrion.

14

2

11

11

10

12

4

5

18

5. The first step in the Krebs cycle is the condensation reaction between the twocarbon backbone of acetyl CoA and the four-carbon oxaloacettate, forming the
six-carbon citrate. This step is highly exergonic hence, is an irreversible reaction.
Afterwards, the citrate molecules is converted into its isomer, isocitrate by the
enzyme, _______, by simultaneously removing and adding a water molecule.

4

11

6

12

10

5

4

14

7. Succinyl-CoA is then converted into succinate by the enzyme, succinyl-CoA
synthetase which then produces one ATP molecule per succinyl-CoA molecule. The
next step then involves the _________ of succinate into fumarate. This reaction
is aided by the enzyme, succinate dehydrogenase, which is also a vital enzyme
in the electron transport chain. Two hydrogen atoms are then transferred to FAD,
producing FADH2. Fumarate is then hydrated and is converted into malate. Finally,
the malate molecule is then oxidized and is converted back to oxaloacetate by the
enzyme malate dehydrogenase and the oxaloacetate will once again undergo the
Krebs Cycle.

18

6. Isocitrate is then oxidized, producing a ________-carbon molecule, a-ketoglutarate,
together with a molecule of CO2 and two electrons, which reduce NAD+ to NADH.
a-ketoglutarate is then converted into succinyl-CoA by the enzyme, a-ketoglutarate
dehydrogenase. NADH and CO2 are once again produced.

16

18

25

10

15

9

16

17

4

5

10

6

12

IV. Mom! What's Anaerobic Respiration?
1. The production of energy requires a large input of oxygen as the acceptor at the
end of the electron transport chain. However, there are circumstances when oxygen
is not present such that when one feels after running quite a distance or simply when
oxygen level in the environment is very extremely low. In such situations, the energyproducing process will proceed to _________ pathways consist of glycolysis with
some extra reactions affixed at the end.
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2. In the body, when the oxygen level is low, this process is called anaerobic cellular
respiration. Without the presence of oxygen, the electron transport chain (ETC) will
simply stop as there is no _______ electron acceptor resulting to the cease of the
production of the usual amount of ATP. This will also halt the preceding processes
which are the Krebs cycle and glycolysis since without the ETC, there will be an
excess NADH and pyruvate. Therefore, anaerobic cellular respiration makes use of
pyruvate, the final product of glycolysis.

5
13

7

18

17

3

10

12

4

1

18

26

8

1

2

11

6

12

18

6

8

18

12

18

14

10

14

ACTIVITY H: ENERGY DIAGRAM

CAN YOU TURN ASH TO
CHARCOAL?
Transition State

Energy

3. In this process, pyruvate is reduced to lactic acid by the NADH with the aid of
the enzyme, lactate dehydrogenase, producing NAD+. By reducing the pyruvates
into alctic acid and therefore producing NAD+, the process of glycolysis is able to
continue and produce two net ATP molecules. Compared to aerobic glycolysis,
anaerobic glycolysis happens at a much faster rate since less energy is produced
for every glucose molecule broken down hence there is a need to break down more
glucose molecules.
However, too much lactic acid in the body can cause lactic acidosis, hence, to avoid
this, the lactic acid produced from the reduction of the pyruvate is transported
to metabolically active cells, such as the heart or brain, and is converted back to
pyruvate. It can also be transported to the liver to be converted into pyruvates which
are then used in the process called ________.

4. Aside from humans, several prokaryotes that live in low-oxygen environments
utilize anaerobic respiration to break down fuels. As an example, some archaea
called ________ that are found in soil and in the digestive systems of ruminants
use carbon dioxide as the terminal electron acceptor instead of oxygen, producing
metane as the by-product.
Reaction Progress
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5. On the other hand, there are also bacteria and archaea that use sulfate as the
terminal electron acceptor, producing hydrogen ______ as the by-product.
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Shown above is an energy diagram of a chemical reaction. Do not get
intimidated by the technical terms in the figure as these will be further
explained in this module. For now, it is better to establish the fact that
there are changes in the energy as the reaction progresses towards completion.
Notice that the reaction progress is on the x-axis and the energy is on the y-axis.
Activation energies can be understood as the amount of energy required for a
compound to be chemically converted to a different compound. Imagine yourself
burning several pieces of charcoal. Isn't it that you usually take some time to heat
them up before they start burning and eventually turn to ash? The amount of thermal
energy from the fire that the charcoal consumes right before turning into ash is
equivalent to its activation energy. Notice that the diagram above has its highest
point situated between the reactants and the products. In fact, the peak is called the
transition state because it is the point where compounds are chemically converted
relative to their activation energy.
At this point, it would be useful to differentiate the forward reaction from the reverse
reaction. Forward reaction is basically the conversion of reactants to products;
and reverse reaction is the conversion of products to reactants. In this diagram,
you can notice that the reverse reaction has a higher activation energy than the
forward reaction. What can you infer from this? This only means that when converting
products back to reactants (yes, chemists assume that this is always the case), it
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takes a lot more energy. This might be due to the product's higher stability, lower
reactivity, stronger bonds, or loss of component atoms.
Let's go back to our charcoal example. It is easier to turn the charcoal into ash
that it is to turn the ash to charcoal. Burning several pieces of charcoal would only
require fire that has a small amount of thermal energy. Turning the ash to charcoal
would require a lot of chemical processes in the laboratory, which takes up a lot of
resources and energy such as instrumentation, reagents, and analysis.
Also, remember that for compounds to react with one another, they should first
accumulate energy to break their bonds. The net energy change, on the other
hand, is simply the difference between the activation energy of the reverse and
the forward reaction.
Another important factor in reaction rates are catalysts. These are compounds
that reduces the activation energy required for carrying out a chemical reaction.
Do note that catalysts are not involved in the chemical composition of reactants
and products, but contribute to the process —as John C. Kotz puts it —"providing
a different pathway for the reaction to occur at a lower activation energy." Shown
below is a comparative illustration of an uncatalyzed and catalyzed reaction. Notice
that the peak of the catalyzed reaction is lower than the uncatalyzed reaction,
signifying that the catalyzed one requires a much lower energy input.

I. Decoding Chemical Reactions. Decode the word in each item by correctly
answering the question and filling in the boxes with the rgiht letters. Take note that
there are no spaces included when inputting two- or three- word answers. Some
of these letters are numbered. Use these numbered letters by placing them in the
blanks at the end of the page in order to decode the secret message.
1. What do you call the point where reactants start converting to products?

3

14

6

2. What do you call the required amount of energy for a reaction to occur?

15

2

3. What do you call the energy difference in the forward and reverse direction?

17

4

4. What do you call a molecule that speeds up a chemical reaction?

1

9

5. What do you call the compounds that are initially present in a forward reaction?

5

13

Energy

6. What do you call a graph that has reaction progress as the x-axis and has the
energy as the y-axis?

10

7

7. What do you call the compounds that are formed in a forward reaction?

16

8

8. What do you call the balance exhibited by molecules in reversible reactions?
Reaction Progress
11

1
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ACTIVITY I: COLLISION THEORY

WHAT AFFECTS BUMPING
OF MOLECULES?
Reaction rate refers to the amount of molecules converted in a system of chemical
reaction. Collision Theory, on the other hand, states the three main factors that
affect reaction rates, which can be abbreviated as CEO —concentration, energy,
and orientation. As its name suggests, collision theory banks on the idea that
reaction rates are heavily influenced by the collision of molecules in a system.
Collision —to put it simply —is heavily affected by the number of individual
molecules (or concentration) in the system. Back to the time when people were
still allowed to go to public markets, they would often find themselves situated in
very crowded spaces. Comparing that to the present time where public markets are
almost empty due to lockdown restrictions. This is a similar approach to the concept
of collision of molecules in a system. The tendency of each molecule or atom to
bump with one another increases as their number (or concentration) also increases,
hence, establishing a direct proportionality relationship. Illustrated below is the main
idea of the concept.

5 Concentration		 5 Collision

5 Reaction Rate

5 Temperature		Energy		Collision
5
5

5 Reaction Rate

But take note that higher temperatures do not mean better reaction rates. Sometimes,
an analyst would prefer observations of chemical reactions under low temperature
conditions. Some reactions react very fast and cannot be analyzed properly without
the necessary equipment. Thus, one good way of observing the molecules in a
fast-reacting system is to lower the temperature.
Lastly, orientation refers to the positioning of molecules during the reaction. The
less likely they are to fit with one another, the more likelihood of inhibiting the
reaction. You can imagine it like a jigsaw puzzle that requires its pieces to form in
certain positions. Molecules work this way for various chemical reasons and it is
important that their "reactive sites" are readily accessible. Organic molecules can
best demonstrate this. Shown below is the hydroboration of the organic compound
1-methylcyclopentene. The expected site of reaction is at 2 due to stability, but the
presence of —CH3 (methyl substituent) at the same site hinders the —BH2. Hence,
the BH3 binds at site 1 due to less hindering. Its reaction rate is high because of
the simplicity of the molecule at certain sites. Imagine how long it would take for
reactants to collide with one another when complex molecules have themselves
hindered by so many substituents.

Energy is also an essential factor in chemical reaction rates. Energy input can be
modfied with temperature. increasing the temperature in chemical reactions means
exciting the molecules, hence, also increasing their relative velocities. From this, the
following ideas can be inferred:
a. Increasing the temperature means increasing the energy in the reaction;
b. Increasing the energy means increasing the velocity of molecules or atoms;
c. Increasing their velocity means increasing the probability of collision; and
d. Increasing their probability of collision means increasing the reaction rate.
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I. Decoding Chemical Reactions. This worksheet is a modified true or false. Write
TRUE if the statement is correct and FALSE if otherwise. Write the correct terms in
each item on the crossword puzzle below.
1. Collision Theory states that the reaction rate is affected by the number
of collisions in a system of a chemical reaction.
2. One of the factors affecting the rate of collisions in a system during a
chemical reaction is the number of molecules or the dilution of reactants.
3. Reaction energy is the required minimum energy for a chemical
reaction to occur.
4. Reactants with complex forms of orientation react very slowly.
5. When the temperature increases, the energy input also increases that
technically increase the collision rates of molecules in a system. Hence,
temperature has a cyclic relationship with collision rates.
6. When analyzing chemical reactions with high reaction rates, it is better
to carry them out in high temperature conditions.
7. The amount of molecules that react with one another to form other
molecules at a certain time also refer to reaction time.
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4

5

1
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ACTIVITY J: ORGANIC CHEMISTRY

PRIMARY COMPOSITION &
DIFFERENT CLASSIFICATIONS
Primary Composition
In all organic molecules, you will always find carbon (C), though carbon can be
found outside of organic molecules! Along with carbon, some of the most common
elements you’ll find include hydrogen (H), oxygen (O), and nitrogen (N). In fact, in all
living systems, these are some of the most abundant elements present (along with
some others). This is shown in the table below.
Table 1. Most abundant elements in the human body,
mentioned by Frieden, E. in De Jesus, A.

Element

Dry Weight (%)

C

61.7

N

11.0

O

9.3

H

5.7

Ca

5.0

P

3.3

K

1.3

S

1.0

Cl

0.7

Na

0.7

Mg

0.3

Shown in the table above are some other trace elements found in living systems.
However, our focus here will be the four most abundant elements in living systems
and common organic molecules: C, H, O, and N.
Remember: Molar Mass (MM) In the periodic table, you probably see this general
arrangment:

Figure 1. Periodic table information of carbon
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The bottommost set of numbers is the molar mass. This is the weight of each amount
of substance, or the mole. For example, every mole of carbon weighs approximately
12.011 grams. This is usually expressed in the form shown below (Vitz et. al).

Each mole of any element weighs a specific amount - this is the molar mass.
These amounts were determined and put in the periodic table through testing and
experimentation, which will not be the main focus of this lesson. Take this as fact for
now, but if you’d like to see more information on this lesson, click the links below:
• https://www.youtube.com/watch?v=4q2elWPfB6A
• https://www.youtube.com/watch?v=13i3xbuaCqI
Going back to the main lesson at hand, we now know that the main components of
most organic molecules are C, H, O, and N (it helps to remember it as the acronym
C.H.O.N - you’ll be seeing this a lot in your future chemistry lessons!) Using molar
mass, you can calculate the mass of the biomolecules.
Example:
The structure you see below is one of many forms of glucose, one of the components
of common table sugar. It is written in its line structure form (you will learn later on
that there are other ways to write the structure of glucose and any molecule for that
matter!).

1/8
Figure 2. Line Structure of D-Glucose

You know that each element has its specific molar mass. As for CHON, we know
that: C = 12.01 g/mol, H = 1.01 g/mol, O = 16.00 g/mol, and N = 14.01 g/mol.
These values may vary depending on the periodic table you use, but let’s stick to
these as reference for now. To get the molar mass of glucose, you need to count
each individual amount of carbon, hydrogen, and oxygen (there’s no nitrogen in this
molecule, so we’ll be ignoring it for now). After counting, you should end up with:
amount of C = 6, amount of H = 12, and amount of O = 6, which can also be written
as C6H12O6. Now, to get the overall mass of glucose, you need to add up the molar
masses of carbon, hydrogen, and oxygen. Generally, you follow this format:
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Figure 3. Percentage of one pizza slice to the whole pizza
pie
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With this formula, you can calculate how much the percent of each element (in this
case, C, H, and O) is present in glucose. This is shown below:
% of Carbon

% of Hydrogen

Total MMC

% of C

Total MMH

% of H

Total MMO

% of O

Total MMN

% of N

Total MMglycine
% of Oxygen
2. Calculate the total molar mass of each of the elements present, the total molar mass
of the monosaccharide fructose, and the percent composition of the elements present.
Its structure is shown below.
Which, when added up all together, should be 100%! Based on this information, we
can also determine that oxygen contributes the most to glucose (second is carbon,
least is hydrogen).
Now that you know how to calculate percentages and total molar mass, try to
calculate the total molar masses of the elements present in the biomolecules below
and the percent composition of each element!

I. Calculate the total molar mass of the elements present in molecules below, as well
as their percent composition.
Use the following reference molar masses:
C = 12.01 g/mol		
H = 1.01 g/mol		

O = 16.00 g/mol

D-fructose

Total MMC

% of C

Total MMH

% of H

Total MMO

% of O

Total MMN

% of N

N = 14.01 g/mol

1. Calculate the total molar mass of each of the elements present, the total molar mass
of the amino acid glycine, and the percent composition of the elements present. Its
structure is shown below.

Total MMfructose

glycine
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3. Calculate the total molar mass of each of the elements present, the total molar
mass of the purine adenine, and the percent composition of the elements present.
Its structure is shown below.

Figure 4. Common template of an amino acid

Adenine (A)
Total MMC

% of C

Total MMH

% of H

Total MMO

% of O

Total MMN

% of N

Proteins, which are what you commonly find in meat and fish, are made up of these
amino acids. Amino acids link together in different ways and shapes to make up the
proteins we know. One common example is collagen, which is one common protein
found in meat. Shown below is its structure

Total MMadenine

Classification
Let’s get right into biomolecules. Biomolecules are a class of molecules that are
mainly found in cells. In these biomolecules are four main classifications - amino
acids, carbohydrates, lipids, and nucleic acids. You might have heard about these
before, but let’s refresh ourselves on what these are:
Remember: Amino Acids and Proteins. Amino acids are literally what they are they are biomolecules made up of an amino (-NH2) group and a carboxylic acid
(-COOH), as mentioned by Pratt & Cornely. Join them together and you get an amino
acid ( just take out the carboxylic part). In addition to these parts, they also contain
a hydrogen atom linked to it and a side chain atom/compound. There are about 20
different amino acids, and all of them differ from one another because of their side
chain compounds. Shown on the next page is the common structure of an amino
acid
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Figure 5. Structure of collagen by Enhanced Recovery

As can be seen, the polypeptide chains, which are numerous amino acids linked together,
orient in a specific shape to form the collagen molecules. These different collagen
molecules join with other collagen molecules to form a specific shape (microfibrils) and
join together to make another shape (fibril) that join together to make up the collagen
fibers we see and know!
Some notes:
• There are approximately
20 and they are grouped into
different groups - hydrophobic,
polar, and charged
• The -NH2 group and
the -COOH group can be
both protonated (-NH3+) and
deprotonated (-COO-)

• Amino acids are
joined together by means
of a polypeptide bond.
An amino acid sequence
is a polypeptide chain
• Proteins are divided
into the primary,
secondary, tertiary, and
quaternary structures
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Remember: Carbohydrates. Like amino acids, try taking carbohydrates literally as
well. Carbohydrates are made up of, as the name suggests, carbon, oxygen, and
hydrogen - following the formula (CH2O)n, where n ≥ 3. A helpful way to remember
this is to divide carbohydrates into carb-o-hydrates, which should give you CarbonOxygen-Hydrogen - the main building blocks of carbohydrates! To be more specific
though, carbohydrates are characterized by their ring structures (though they can
be drawn into a line structure as well) and the presence of multiple hydroxyl (-OH)
groups. Shown below is the structure of glucose, drawn two ways:

cholesterol

Figure 7. Structure of palmitate vs. cholesterol

Their structures may seem vastly different, but lipids are characterized by having large
hydrophobic/nonpolar character. In the structures of palmitate and cholesterol above,
you can see that they have long hydrocarbon chains - for palmitate, this is the long
repeating chain of CH2 and CH3, while for cholesterol, these include the rings present
and the CH, CH2 and CH3. It seems intimidating, but take it as a whole - all of these are
hydro-carbon (hydrogen and carbon) chains.
Figure 6. Line structure and closed-ring structure of Glucose.

Some notes:
Some notes:
• In the ring structure,
the discrete points or
the corners of the ring
are the carbons. In the
glucose structure shown
above, you can count
5 discrete points in the
hexagon structure that
have no labels. These are
5 carbon atoms

• You will learn in your
future chemistry classes
that there are more detailed
ways to write carbohydrates
and that there are more than
atoms/groups that can be
found on the usual carb-ohydrates mentioned earlier.
However, at their core, these
compounds are really made
up of carbon, oxygen, and
hydrogen.

• Lipids
are large and
hydrophobic/
nonpolar

• Lipids
are more
characterized
by their function
rather than their
structure

Remember: Nucleic Acids. Nucleic acids are polymers of nucleotides. In other words,
long, long chains of nucleotides are joined together to make nucleic acids. Remember,
nucleotides are composed of the following template structure below

Remember: Lipids. Lipids are a little harder to describe since there is no “template”
of structures for lipids. Even if a lot of compounds are classified under “lipids”,
their structures vary a lot, see the structure of palmitate and cholesterol below for
reference

palmitate
Figure 8. Template structure of a nucleotide.

41

42

As seen in the figure above, you can distinguish three particular parts: a phosphate
(could be mono-, di-, or tri-), base (specifically, bases with a nitrogen-containing ring
so those like adenine, thymine, cytosine, and guanine - perhaps you’ve heard of
these before in DNA!), and a 5-carbon sugar (can be either deoxyribose or ribose,
which are found in DNA and RNA respectively!). Nucleic acids, then, are these
nucleotides linked together. Shown below is a random nucleic acid sequence

II. For this part, write the letter corresponding to the correct definition of the
biomolecule on the blank.

1. Lipids

2. Carbohydrates

3. Amino Acids

4. Nucleic Acids
DNA
sequ

5. Proteins

ence
is rea

6. Nucleotides

d from

a. Characterized by the
presence of many hydroxyl
groups; usually drawn as a
ring
b. Characterized by long
hydrocarbon
chains;
known to be very nonpolar
c. Characterized by the
joining of -NH2 and
-COOH groups; each one
has a specific side-chain
d. Characterized by a 5
carbon ring, phosphate,
and nitrogen containing
rings
e. These long sequences
are what you find in DNA
and RNA
f. These are made-up
of amino acids joined
together in specific shapes
and orientations

' end

the 5

III. For this part, write C on the blank if the compound shown is a carbohydrate, A
if the compound shown is an amino acid, or L if it is a lipid.

to the
d
3' en
1. serine

2. ribose (ring structure)

Figure 9. Random nucleic acid sequence
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7. alanine
3. Lauric acid
8. stearic acid

4. D-ribose (line structure)
9. phenylalanine

10. deoxyribose

5. glycine

IV. Shown below is a nucleic acid sequence, which is composed of individual
nucleotides. Write the first letter of the matching base in each nucleotide in a 5’ to 3’
direction. Remember, 5’ to 3’ sequence matches with a 3’ to 5’ sequence.

6. hentriacotane

Matching sequence in 5' to 3':
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Answer Key

ACTIVITY D: IDEAL GAS LAWS
I. What Now?
1. Double
2. Six (6)
3. Increase
4. Be divided-two/Be multiplied - 1/2
5. Divide-two

ACTIVITY A: INDIVIDUAL GAS LAWS
1. 1.5 atm
2. 12.5 L
3. 5.0 L
4. 0.33 dm3
5. 341 K
6. 0.26 L

7. 990 mL
8. 122 K
9. 0.68 atm
10. 11.6 atm
11. -4.68 °C
12. 353 K

II. Problem Solving
1.

5.

ACTIVITY B: GAS UP!
since 1 mmHg=0.00133322 bar

6.
2.

124 g of Xe gas in 2.3-L container at 290 K
will exert a pressure of 9.8 atm not 5.68 atm.

7.

3.
The graph shows that as variable x increases, variable y decreases.
This corresponds to Boyle’s Law, which states that pressure is inversely
proportional to volume at constant temperature.
Left

4.

ACTIVITY C: SUMMATIVE-GAS LAWS
Multiple Choice
1. B
2. D
3. B
4. A.
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8.

Crossword
5. A
6. D
7. C
8. B

5. Pressure
1. Moles
6. Elastic
2. Boyle
3. Temperature 7. Negligible
8. Charles
4. Gas (a)
4. Gay Lussac (d)

9. Avogadro
10. Kinetic
11. Kelvin
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ACTIVITY E: PRELUDE TO CHEMICAL REACTIONS

9.

I. Rules are rules!
1. B

II. Which is which?
1.

2. A
Since argon is an inert gas, it
will be unreactive with nitrogen
gas. Hence, upon the addition of
nitrogen gas, the pressure of the
argon gas will still be 13.2 atm.

3. NH3
3. C
or

10.

For this scenario, it is to be assumed that all hydrogen will react with the
nitrogen gas.

Initial

N2

H2

NH3

Total

n

n'

0

n+n'

n-n'/3

0

2n'/3

n+n'/3

3.33 mol

0

5.33 mol

8.66 mol

0.38

0

0.62

1.00

Final
Mole Fraction

2. N2 and H2

4. Magnetite (Fe3O4), potassium
hydroxide (KOH), silica (SiO2), and
aluminum oxide (Al2O3)
5. Amylase

4. B

6. The catalysts in the Haber-Bosch
Ammonia process are heterogeneous
catalysts - meaning, it exists at
different phase with the reactants
while amylase is a homogeneous
catalyst - meaning, it exists in the
same phase as the reactants.

5. D (Because weight is a unit of force, while
mass essentially refers to the amount of a
substance. For further reference, watch this
experiment wherein a bowling ball and a feather
are dropped at the same time in a vacuum. This
visualizes the Law of Conservation of Mass.)

ACTIVITY F: WRITING CHEMICAL EQUATIONS

III. Challenge Yourself
1.

2.
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I.
1. = should be
2. use (g) instead of (gas)
3. + is an essential symbol when combining two substances
4. Coefficients: 4Fe, 3O2, 2Fe2O3. Balance your reactants with your products.
II.
1. Combustion requires three elements: fuel, heat, oxygen. Without one of these elements,
combustion will not occur. Bong expected combustion to occur when making his
homework (the fuel) in contact with oxygen gas. The reaction, however, explicitly stated
that heat is needed for the reaction to occur which was not present, hence, combustion
did not occur.
2. As Bong sealed the paper inside a container, the supply of oxygen suddenly becomes
limited. Given that oxygen is needed for the reaction to occur, the sudden lack of oxygen
prevents the paper from fully combusting, hence, the fire dies out and the remains of
paper stay present.
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III.
1. Synthesis. The combination of substances to form one substance.
2. Decomposition. The breakdown of a single substance to form numerous
substances.
3. Single displacement. The replacement of a substance in a compound due to the
fact that one substance is more reactive than the other.
4. Double displacement. Similar with single displacement, only this time there are two
pairs, so as the more reactive substance separate from its original position to join one
another, and the least reactive substances are able to react with one another.
IV.
1. Decomposition
2. Single displacement
3. Single displacement
4. Double Displacement

5. Synthesis
6. Decomposition
7. Double displacement
8. Single displacement

V.
1.
2.
3.
VI.
1. Base: NaOH, Acid: H2SO4
2. Base: Ca(OH)2, Acid: HNO3
3. Base: KOH, Acid: H3PO4
VII.
1.
2.
VIII.
1. The reaction between the acid and base is double displacement. This is seen as
the more reactive substance split and form salts, whereas the less reactive one forms
water.
2. If the litmus paper turns red because of rain water, this means the rain water's pH is
relatively low. The water is therefore, acidic and is a product of acid rain.

ACTIVITY G: BALANCING CHEMICAL EQUATIONS
I.
O. 2, 1, 1, 2 = 6
U. 2, 1, 2, 1 = 2
S. 1, 10, 8, 4 = 14
T. 2, 1, 1, 1, 1 = 5
D. 1, 14, 3, 2, 7, 3 = 16
E. 2, 10, 8, 5, 16, 2 = 18
R. 1, 8, 8 = 17
M. 1, 2, 2, 1 = 3
V. 2, 15, 10, 10 = 15
L. 1, 3, 2 = 1
N. 1, 5, 5, 1 = 12

Y. 1, 3, 3, 2 = 9
A. 2, 3, 6, 1 = 4
B. 2, 25, 16, 18 = 20
G. 1, 3, 3, 1 = 8
I. 2, 4, 1, 2, 2, 1 = 10
H. 2, 4, 1 = 7
C. 4, 5, 2 = 11
P. 2, 11, 4, 18, 4 = 22
F. 1, 5, 3, 4 = 13

II.
1. Ligases
2. Covalent
3. Denaturation
4. Michaelis-Menten
5. Schiff Base

4. Succinate
5. Aconitase
6. Five
7. Dehydration
IV.
1. Fermentation
2. Terminal
3. Gluconeogenesis
4. Methanogens
5. Sulfide

III.
1. Pyruvates
2. Fumaric
3. Fritz Lipmann

ACTIVITY H: ENERGY DIAGRAM
I.
1. Transition State
2. Activation Energy
3. Net Energy Change
4. Catalyst
5. Reactants
6. Energy Diagram
7. Products
8. Equilibrium
Secret Message: ARRHENIUS EQUATION

ACTIVITY I: COLLISION THEORY
I.
1. TRUE (COLLISION THEORY)
2. FALSE (CONCENTRATION)
3. FALSE(ACTIVATION ENERGY)
4. TRUE (ORIENTATION)
5. FALSE (LINEAR RELATIONSHIP)
6. FALSE (LOWER TEMPERATURE)
7. TRUE (REACTION TIME)

C
O
N
C
L

I

N

E

O

IX.
1. H oxidizes as its charge changes from 0 to 1+. O reduces as its charge changes
from 0 to 2-.
2. O oxidizes as its charge changes from 2- to 0. Pb reduces as its charge changes
from 2+ to 0.
3. Al oxidizes as its charge changes from 0 to 3+. O reduces as its charge changes
from 0 to 2-.
4. Fe oxidizes as its charge changes from 0 to 3+. O reduces as its charge changes
from 0 to 2-.

O

L

L

I

R

R

E

L

A

T

I

O

N

S

H

R

E

I

P

N

R

C

A

T
S

I

O

N

T

H

E

O

R

Y

A

E

L

N

O

W

E

R

T

E

M

P

E

R

A

T

U

I

T

O

A

N

X.
1 S oxidizes as its charge changes from 0 to 4+. O reduces as its charge changes from
0 to 2-.
2. S oxidizes as its charge changes from 4+ to 6+. O reduces as its charge changes
from 0 to 2-.
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ACTIVITY J: PRIMARY COMPOSITION & CLASSIFICATIONS
Primary Composition
I.
1. Glycine
24.02 g/mol

31.9% or 32.00%

5.05 g/mol

6.73% or 7.00%

32.00 g/mol

42.62% or 43.00%

14.01 g/mol

18.66% or 18.7%

Total MMglycine = 75.08 g/mol

2. Fructose
72.06 g/mol

Classification
II.
1. b.
2. a.
3. c.
4. e.
5. f.
6. d.
III.
1. A
2. C
3. L
4. C
5. A
6. L
7. A
8. L
9. L
10. C

39.9% or 40.0%

12.12 g/mol

6.73% or 7%

96.00 g/mol

53.28% or 53.3%

0 g/mol

0.00%

Total MMfructose = 180.18 g/mol

3. Adenine
60.05 g/mol

39.9% or 40.0%

5.05 g/mol

3.74% or 3.736%

0 g/mol

0.00%

70.05 g/mol

51.8% or 51.83%
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IV.
GTAC

Total MMadenine = 135.15 g/mol
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