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[image: A computer simulation demonstrates how buildings of similar construction but different heights withstand varying degrees of earthquake damage on soft clay soil.

AI-generated content may be incorrect.]
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Biology Performance Task 
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Chemistry Performance Task 
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Earth-Space Performance Task 
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Students are investigating the relationship between human population density and biodiversity. The amount of forest
cover was used as a measure of the biodiversity of an area. The students averaged human population density and
forest cover from locations with a range of population densities. The graph shows the students’ results.

Forest Cover and Human Population Density
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Part A

Select a phrase from the menu to complete the sentence.

Based on the graph, if the population density increases from 1 to 500 people/km?, the forest cover will likely
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Using Le Chatelier’s principle, explain how an increase in pressure
in the system at a constant temperature and volume would also
disrupt the equilibrium and increase the amount of NH; when
equilibrium is restored. Enter your answer in the box provided.
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In this performance task, you will answer five questions.

In the future, high school students study the universe by working with
astronauts using spacecraft that can travel long distances in a short amount of
time.

A student notices that satellites throughout the solar system are no longer
transmitting data to the spacecraft. To recover the data for analysis, the
student and the astronaut travel to each satellite.

The first recovered satellite orbited the Sun and generated this graph that
shows data of many stars that have already been analyzed. The luminosity and
the surface temperature of each star was measured.
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Based on the graph, the student should classify the
Sun as which type of star?

@® giant

® supergiant

@© white dwarf

® main sequence
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The satellite also reports the peak wavelength (A) of electromagnetic radiation
emitted by stars in each spectral class.

Spectral Class | O B A F G K M

m*(nm) 73| 145|290 | 387 | 527 | 725 | 966
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Based on the graph and the table, use the lists to
select the appropriate values that will best
represent the student’s findings.

The Sun emits light with a peak wavelength of

C/nm and has a surface

temperature of approximately
( S Kelvin.
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After investigating the Sun, the astronaut recovers a satellite that orbited Earth.
Data of Earth’s distance from the Sun and orbital speed for twelve months are
shown in Graphs 1 and 2 respectively.
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shown in Graphs 1 and 2 respectively. _
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Based on Graph 1 and Graph 2, what relationship
exists between Earth’s distance from the Sun and
its orbital speed?

As the distance from the Sun

, the orbital speed of Earth
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After checking the distance and speed data of the other planets, the student
concludes the relationship between the two quantities agrees with the findings
from Earth’s satellite. The astronaut asks the student to explain the shape of
the orbits the planets take as they orbit the Sun in the solar system based on
the findings. Data of Earth’s distance from the Sun and orbital speed for twelve
months are shown in Graphs 1 and 2 respectively.
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What should the student say to the astronaut to
explain the shape of the planets’ orbits around
the Sun? In your answer, discuss distance from
the Sun and the shape of the orbits. Enter your
answer in the box provided.
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While orbiting Earth, the student uses the spacecraft to examine the

wavelength of light emitted from a distant star. The student found
that the star is actually orange in color but appears to be red in color
when observed. This figure represents the wavelength of light
emitted by the orange star.

A N NN

To investigate why the light from the star appears red when the star
is actually orange, the student refers to this table that relates
wavelength and color.

Color | Wavelength

Violet | 380-450 nm

Blue 450-495 nm

Green | 495-570 nm

Yellow | 570-590 nm

Orange | 590-620 nm
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Part A

Compared to the orange wavelength of light emitted from the
star, which wave diagram best represents the observed red color
of light?
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Part B

Based on the student’s observations, complete the explanation by
selecting the best words or phrases from the lists.

The star emitted orange light but red light was observed because

it is . This explanation supports the big

bang theory because it provides evidence that the universe is

C hl -
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Part B

The students identified four resource management strategies intended to help preserve forest cover and maintain
biodiversity.

The students then ran computer simulations to graphically compare the different resource management strategies.

Which graph shows results for a resource management strategy that will best preserve forest cover as population
density increases?
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The reaction Ag)+ 2AB(g) — 2A,B(g) is carried out in a closed, 1.0 L container. The diagram shows the relative amounts of A, and AB

used for the reaction.
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Assuming the reaction is complete, drag the correct number of molecules of A,B that will be produced to the empty box.
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Students noticed that a nearby pond, fed by a single stream, was filling up with sediment. The students want to
determine what factors are contributing to the amount and type of sediment entering the pond. Which investigation
is most likely to produce data that will help answer their questions?

® Measure the depth of the sediments in the center of the pond once a week during the school year.

© Collect and measure the mass of clay particles, silt particles, sand grains, and small pebbles carried by the
stream at different stream fI{'w velocities.

® Obtain samples from different depths in the sediments at the bottom of the pond and determine how the sizes
and amounts of particles have changed over time.
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A biochemist conducted an experiment to follow the movement of glucose molecules in animal cells. Glucose with
radioactively labeled carbon atoms was added to a culture of liver cells growing in a Petri dish. Over the next 18

hours, the biochemist assessed selected biomolecules in the culture for radioactivity. The results are shown in the
table.

Presence of Radioactive Carbon

Biomolecule | 3 Hours | 6 Hours | 9 Hours | 12 Hours | 15 Hours | 18 Hours
Glucose yes yes yes yes no no
Glycogen no yes yes yes yes yes

Explain how adding labeled glucose molecules to the culture resulted in labeled glycogen and describe what
happened to the labeled glucose molecules during the 18-hour period. Enter your answer in the box provided.
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A student is learning about the life cycles of low-mass and high-mass stars and creates a chart comparing the

properties of the stars.

Complete the chart by placing a check mark in the box or boxes in each row to indicate if the property applies to

low-mass stars, high-mass stars, or both.

Has a higher core temperature during main sequence stage
Spends a longer time on the main sequence

Burns hydrogen at a faster rate during main sequence stage
Spends the majority of its lifetime burning hydrogen in its core
Can create elements heavier than iron during supernova event

Low-mass stars High-mass stars

[
[
[

[
[
[
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Laser light of wavelength 785 nm in air travels from air (index of refraction = 1) into a glass block (index of
refraction = 1.5). The frequency of the light does not change when the light enters the glass. How does the
wavelength of the light change, if at all, when the light enters the glass, and what reasoning supports this claim?

® The wavelength stays the same, because the wavelength can only change if the frequency changes.

® The wavelength stays the same, because the speed of light is constant and the frequency does not change.

@© The wavelength decreases, because the speed of the light in the glass is less than the speed of light in air and
the frequency does not change.

® The wavelength decreases, because the speed of the light in the glass is greater than the speed of light in air
and if the speed increases, the wavelength must decrease.
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In a particular species of plant, yellow seed color is dominant to green seed color. Two plants of this species that are
heterozygous for seed color are crossed.

What is the predicted ratio for seed color in the offspring of this cross?

@® 1 yellow : 3 green

® 1 yellow : 1 green

@© 3yellow : 1 green

® 3 yellow : 2 green




image17.png
GUEST

This diagram shows the boundary between the Indian Plate and the Eurasian Plate.

Mountain
range

Indian

Plate

Eurasian
Plate

Continental

Continental plate Pl

Asthenosphere

Select the best terms from the menus to complete the following statements.

The mountains were formed as a result of the Indian Plate the Eurasian Plate.
Over time, the effects of will counteract the process that builds the mountains.
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A student performs an experiment in which a cart is pulled across a table by exerting a net force of 0.05 N on the
cart. Different amounts of mass are added to the cart for each trial. The graph shows data from the experiment.

Mass vs. Acceleration
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Based on the results from the experiment, what claim can the student make about the relationship between net
force, acceleration, and mass?

® Objects with smaller mass experience a larger acceleration and therefore a larger net force.

® Objects with larger mass experience a smaller acceleration and therefore a smaller net force.





image21.png
® Objects wi

1 smaller mass experience a larger acceleration and therefore a larger net force.

® Objects with larger mass experience a smaller acceleration and therefore a smaller net force.

@© Objects with larger mass experience a smaller acceleration when the net force is the same.

® Objects with smaller mass experience a smaller acceleration when the net force is the same.
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Students are discussing a model of a system that consists of two parallel conducting plates (called a capacitor)
separated by a distance of d and a positively charged sphere directly in the middle of the two plates. The upper
plate has a positive charge, and the lower plate has a negative charge.

Positive

q ®

Negative

In which direction should the charged sphere move to increase the energy stored in the system?

@® to the left with an external force

® to the right with an external force

@© toward the positive plate with an external force

® toward the negative plate with an external force
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Students are given an assignment to design a simulation that will model effects of human activity on biodiversity in
a particular town. A student decides to model changes in the biodiversity of bird species caused by human activity in
a forested park next to the school. The park is home to many native bird species. Near the park is a housing
development and an industrial area.

What three components should the students include in their simulation to best understand the effects of human
activity on biodiversity?

size of the park

annual rainfall in the town

[/ number of native bird species in the park

| projected population growth in the town

@ number of native herbivore species in the park
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1978 1990 2000 2016

Part A

Based on the Arctic sea ice images from 1978 to 2016, what is most likely going to occur from 2017 to 2027?

@® Arctic sea ice will move to other parts of the ocean.

® Arctic sea ice will freeze and melt at the same rate.

| @ Arctic sea ice will continue to melt at an increasing rate.

® Arctic sea ice will continue to expand until it exceeds its 1978 extent.
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Part B
Use the menus to complete the statement.

Melting Arctic sea ice contributes to a positive feedback loop in the Arctic. As Arctic sea ice melts,
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The islets of Langerhans in the pancreas are made of a variety of cell types that release protein hormones. Among these cells are some
that release insulin and others that release glucagon. These different cell types arose during embryonic development from identical
stem cells that do not secrete either of these hormones.

Complete the statement by selecting the correct words or phrases from the lists.
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A student uses a computer simulation to investigate the effect of earthquakes on buildings. The simulation shows damage to buildings
of similar construction except for their height. The simulation settings and the data collected from the simulation are shown.

Type of soil — Soft clay
Magnitude of Earthquake — 8.0
Height of Building (floors/stories)
1

3

Degree of Damage
Minimal
Minimal
Severe

Severe

Severe
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7 Severe
9 Severe
11 Moderate
13 Moderate
15 Moderate
17 Minimal
19 Minimal

Select terms from the menus to create a correct conclusion that is based on the simulation.

A building of a height of floors could be expected to receive a severe amount of damage.
The severe damage to certain buildings is most likely due to .
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A comet is in an elliptical orbit around the Sun. Select from the menus to best describe what happens at locations in
the orbit where the comet is getting closer to the Sun.

As the comet approaches the Sun, the gravitational force between the comet and the Sun i

andthecomet| <l
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A student is asked to evaluate two different bumper designs that will be used on bumper cars at a local amusement
park. The bumpers have the same mass and are each attached to a test car that undergoes a controlled collision
with a wall. The student measures the average impact force on each bumper during the collision and the duration of

each collision. The student’s results are shown in the table.

Design Number

Average Impact Force (N)

Duration of Impact (s)

Design 1

980

0.15

Design 2

588

0.25

Which design will provide better protection for a rider in a collision, and why?

® Design 1, because the change in momentum of the test car is smaller.

® Design 1, because the average impact force acting on the test car is larger for a shorter duration.

@© Design 2, because the change in momentum of the test car is smaller.

® Design 2, because the average impact force acting on the test car is smaller for a longer duration.
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A town council of a small town in Southern California investigates the use of renewable sources of energy to
generate electricity. They research both solar panels and wind turbines and collect the data in the table. Neither
turbines nor solar panels release CO, during their normal operation; however, CO, is emitted during their
manufacture.

Factors Considered one V\.Imd 40,000 Solar
Turbine Panels
Energy consumed during manufacturing (in kWh) 4,300,000 23,100,000
Total mass of carbon dioxide (coz) released during manufacturing (in 20,000 9,080,000
kg)
Total annual energy generated (in kWh/year) 6,400,000 6,400,000
Annual maintenance cost (in dollars) 140,000 0

The council determines that it requires about 40,000 solar panels to produce the same amount of energy per year
as one wind turbine produces per year. Assume a 20-year lifetime for both turbines and solar panels.

Based on the table, complete these sentences by selecting the best phrases from the menus.
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The council determines that it requires about 40,000 solar panels to produce the same amount of energy per year
as one wind turbine produces per year. Assume a 20-year lifetime for both turbines and solar panels.

Based on the table, complete these sentences by selecting the best phrases from the menus.

If the main goal of the town is to reduce the carbon dioxide (coz) released into the atmosphere, then the town

council should select because the amount of CO, Clis lower.

If the main goal of the town is to reduce maintenance costs, then the town council should select

( A~
e
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Students in a class are designing an investigation to determine the effect running on a treadmill has on heart rate.
They decide to have several students run for 20 minutes on a treadmill.

Which two data sets must the students collect in order to determine the effect exercise has on heart rate?

the student’s age

the student’s weight

the student’s resting heart rate prior to exercising

the student’s heart rate after running on the treadmill

the distance the student can run on the treadmill in 20 minutes
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Students created a computer model of an ecosystem process to predict the density of different tree species in an area over 100 years.
The graph shows the outcomes of the model for one of the tree species.
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e
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Complete the sentences by selecting from the menus. The process being modeled is most likely ( g following a
disturbance. In years 75 to 100, the population can best be described as having reached [

<>
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A railroad car with a mass of 90,000 kg is traveling along a straight, horizontal track at a constant speed of 2 m/s.
The car collides with a second railroad car, also with a mass of 90,000 kg, that is initially at rest. The railroad cars
stick together after the collision, as shown in the figure.

Before Collision
o 2m/s

After Collision

What is the speed of the two railroad cars immediately after the collision?
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What is the speed of the two railroad cars immediately after the collision?
® 0.5m/s
® 1m/s

© 2m/s

[ @ 4am/s
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In order to reduce air pollution, a particular community identifies three possible solutions. The community also
proposes several criteria that the solutions must meet, including low cost and rapid impact. The three possible
solutions are:

Solution 1: Begin phasing in renewable sources of electricity generation, which would involve building new types of

power plants.
Solution 2: Encourage increased use of ride-sharing.
Solution 3: Encourage people to raise thermostat settings in the summer and lower them in the winter.

Part A

The community identified three constraints to help determine the best approach to reduce air pollution. For each of
the three potential solutions, select the check box if the solution meets the constraint.

Long time to implement Requires change in people’s Provides benefits in a short
change behaviors time period

Solution 1 [ [ [
Solution 2 [ [ [
Solution 3 [ [ [
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Part B

What additional information will be most helpful to the community to prioritize these approaches?

®) the projected reduction in air pollution

® the projected cost savings of using renewable resources

@© the number of homes projected to be built in the next 10 years

® the number of cars currently using electricity as an energy source
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When scientists analyze the carbon cycle, photosynthesis and cellular respiration are often linked together because
the same molecules represent the input and output for these two processes. >

Select each molecule listed in the grid as an input or output of photosynthesis or cellular respiration.

Part A

Photosynthesis Input Photosynthesis Output

co, i i
H,0 i i
0, [ (

CeH,0; i [
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Cellular Respiration Input Cellular Respiration Output
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Explain how the student can determine the height of the building if the kinetic energy of the tennis ball is known
when it hits the ground. In your explanation, use the terms kinetic energy, gravitational potential energy,
acceleration due to gravity, mass, and height. Do not use equations. Enter your answer in the box provided.
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Results from a wide range of climate model simulations suggest that Earth’s average surface temperature could be

between 1.1 and 5.4°C warmer in 2100 than it was in 2015. Some species, such as sugar maple trees, are adapted
to survive cooler temperatures and have historically occupied northern parts of North America. Scientists claim that
rising average temperatures will change the distribution of sugar maple trees in North America.

In addition to global surface temperature data, which data, if collected, would best support or refute the claim?

® The soil temperature should be measured daily for one year at two separate locations.
® Core samples of the largest sugar maple trees should be taken to determine how old the trees are.

@© The total number of acres of forested land throughout the range of sugar maple trees should be recorded
annually.

® Sample sites should be set up throughout the range of sugar maple trees and the number of sugar maple

________trooc counted every five voars,
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The Moon is thought to have formed shortly after the formation of Earth, and therefore the age of the Moon is

comparable to that of Earth. The surface of the Moon is covered by ancient craters formed by impacts of small solar-
system objects such as meteoroids, but the surface of Earth shows no such craters.

Which two statements are valid explanations for this observation?

[} The Moon shielded Earth from impacts in the early solar system.

] Solar-system objects are more likely to impact satellites than planets.

[} Geologic activity on Earth’s surface has destroyed evidence of impacts.

[} The Moon has a very thin atmosphere, eliminating erosion due to weather.

[} Earth’s atmosphere protected it from impacts by large solar-system objects.
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The leaf beetle, Chrysomela aeneicollis, lives in the Sierra Nevada Mountains of California. Scientists studying the
beetles found that exposure to high temperatures during the summer, when the eggs are laid and the larvae are
developing, causes physiological stress. The impact is on metabolic enzymes and heat shock protein expression.
One allele, Pgi-4, increased in frequency in the beetle population that was exposed to hotter, drier summers in the
Sierra Nevada Mountains. s

Complete the sentence about this change by selecting the correct words from the menus.

If the temperatures in the Sierra Nevada Mountains continue to increase, the frequency of the Pgi-4 allele is

expected to as a result of C.
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A student is planning an investigation to compare the strengths of the forces of attraction between the particles in
the following solid substances: sulfur (Sg), iodine (I,), sodium chloride (NaCl), and tin (Sn).

Which statement includes the best plan for the student to follow and the correct explanation?

® Measure the density of each of the substances. The denser the substance, the stronger the forces of attraction
are between the particles of the substance.

® Measure the melting point of each of the substances. The higher the melting point, the stronger the forces of
attraction are between the particles of the substance.

@© Measure the electrical conductivity of each of the substances. The higher the conductivity, the stronger the
forces of attraction are between the particles of the substance.

® Measure the solubility of each of the substances in water. The less soluble the substance, the stronger the
forces of attraction are between the particles of the substance.
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Scientists have developed a computer simulation to model changes in water quality due to human population growth
and land use. The outcome of the simulation is a predicted profile of diatom diversity.

Diatoms are unicellular photosynthetic algae. Diatoms can be used as indicators of water quality because of their
diversity and abundance in unpolluted water. J

A town that is next to a river is planning to build a new housing development of 100 homes along the river.
Scientists sampled water downstream of the town during the summer and produced a baseline profile of the size
and diversity of the diatom population in the water. Those data were entered into the simulation.

In order to model the effect of adding 100 homes, select a checkbox in each row to indicate which of the parameters
should be kept the same or changed in the simulation.

Change parameter Keep parameter constant
Human population size ( [
Sampling season [ [
Sampling site [ [
Number of samples [ [
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A block with a mass of m is sliding to the right with a velocity of v on a horizontal, frictionless surface. It has a
head-on collision with a larger block with a mass of 9m that is initially at rest. After the collision, the blocks are
stuck together and move to the right, along the same path, with a velocity of 0.1v.

Which two statements are correct about the forces exerted on the blocks during the collision?

] All forces exerted on both blocks sum to zero.

| B The net force exerted on the block with a mass of m is zero.
[} The net force exerted on the block with a mass of 9m is zero.

] All external forces exerted on the two-block system sum to zero.
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A bathtub model like the one shown can explain the flow of carbon through Earth’s systems. Carbon sources
contribute to an increase in atmospheric carbon by releasing carbon dioxide. Carbon sinks contribute to a decrease
in atmospheric carbon by storing carbon for long periods of time.

Bathtub Model of Carbon Flow

Sources of

carbon = faucet

Right now, size of
faucet is much
larger than drain.

Sinks of carbon = drain
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Select a checkbox in each row to sort the carbon sources and carbon sinks.

Faucet (source) Drain (sink)
Burning fossil fuels [ [
Deforestation [ [
Ocean absorption [ [
Volcanic eruptions [ [
Converting farmland to forests [ [
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Scientists studied a population of snowshoe hares and their predators, Canadian lynx, in an ecosystem. The graph
shows how the population sizes of lynx and snowshoe hares changed between 1855 and 1925.
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Complete the sentences using the lists to explain the relationship between the two species.

When the hare population C), the lynx population . This is an example of
a C| factor resulting in cyclical changes.
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In this performance task, you will answer six questions.

A family plans to purchase two Californian rabbits. Californian rabbits are white
with black points (ears, nose, feet, and tail) and exhibit temperature-influenced
color expression. The family finds a breeder who sells the two breeds of rabbits
pictured, Californian and New Zealand.

Californian rabbit New Zealand rabbit

The family purchases two eight-week-old Californian kits (baby rabbits) from
this breeder. The family takes the kits home and places them outdoors (30°C)
in a rabbit hutch. After a few weeks, both rabbits are white with gray points

rather than black points. The family members wonder if they received the
correct breed of rabbits.
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The family starts to research the genetics of coat color in rabbits and learns

that color expression in rabbit coats is primarily influenced by five different
genes, all found on one chromosome. These five genes account for 144
different color variations found in rabbits.

In researching the genetics of Californian rabbit colors, the family learns that
possible colors for the points include black and gray. The family then focuses its
research on the ¢ gene (color gene) and the d gene (dense-dilute gene).
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This table summarizes the genetic patterns and phenotypes of the ¢ gene and ¢
gene.

Inheritance Patterns of the ¢ Gene and d Gene

Inheritance
Gene | Allele Pattern Expressed Phenotype
¢ gene o Dominant Himalayan (whltg body with colored
points)

c gene c Recessive White without points (albino)

d D Dominant Black points (dense color)
gene

N d Recessive Gray points (dilute color)
gene
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Based on the rabbits’ expressed phenotype of gray points, a member of the
family argues that the rabbits’ genotype for the ¢ gene is cc.
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Based on this information, complete the sentence
by selecting the best phrase from the menu.

C|is primarily responsible for

the 144 different color variations found in rabbits.
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Which scientifically correct question best
challenges the family member’s argument?

® Do the rabbits have the correct number of
chromosomes and corresponding genes?

® Does biological sex have any influence on
the expression of the rabbits’ ¢ gene?

@ Do the rabbits have a phenotype (albino)
consistent with the cc genotype?

® Does having the cc genotype affect the
color of the rabbits’ coats?
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Which three questions should the family ask their veterinarian
that would most likely help the family understand the genetic
basis for the recent color change of the rabbits?

Is it possible for these rabbits to be heterozygous for the ¢
gene, since the rabbits seem to express the Himalayan

allele (cn)?

Is it possible for these rabbits to be heterozygous for the d
gene, since they now have black points rather than gray
points?

Is it possible that the rabbits have eaten an unfamiliar food
that has caused a change to their genetic make-up?

Is it possible that the rabbits have contracted a parasite and
this is affecting the expression of the ¢ gene?

Is it possible that the lower temperature of the room had an
effect on the expression of the ¢ gene?
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Inheritance Patterns of the ¢ Gene and d Gen &«

Inheritance

Gene | Allele Pattern Expressed Phenotype

c o Dominant Himalayan (Whlte. body with
gene colored points)

c . White without points

c Recessive i

gene (albino)

d D Dominant Black points (dense color)
gene

d d Recessive Gray points (dilute color)
gene

The family finds an online simulation that allows them to observe
how temperature affects the rabbits’ point color, assuming that the
rabbits have at least one copy of the Himalayan allele (c").
Depending on the air temperature, the ¢’ allele controls point color
expression by interacting with the d gene.

This table shows the simulation results for expressed point color in
rabbits with the c" allele.
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Simulation Results

Temperature DD Dd dd
20°C Black pointed | Black pointed | Gray pointed
30°C Gray pointed | Gray pointed | Gray pointed
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Based on the simulation results and assuming that the rabbits |
inherited at least one Himalayan allele (c”), select the words from

the menus that best complete the sentence.

Temperatures 30°C and higher will act on the

C| of Californian rabbits and cause the
expression of the C| phenotype even if the

rabbits inherited a dominant allele for the gene.

.
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Which scientifically correct question would best
challenge the conclusions made about the kits’
genotypes from the suggested Punnett square?

@

Why is only one kit albino?

Why do only some of the kits have black
points?

What are the genotypes of the two parent
rabbits for the d gene?

Can you make a prediction of point color
without knowing the genotype of the ¢
gene?
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The two rabbits eventually mate and the female gives birth to six kits. The kits
are being raised in a 20°C room. One kit is albino and five are black pointed.

A family member suggests using this Punnett square to model the inheritance
of the d gene for the newborn kits.

d Dd dd
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Refer to these tables for genetic and environmental information about thé\)
gene and d gene.

Inheritance Patterns of the ¢ Gene and d Gene

Inheritance
Gene | Allele pattern Expressed Phenotype
¢ gene o Dominant Himalayan (whltg body with colored
points)

C gene (et Recessive White without points (albino)

N D Dominant Black points (dense color)
gene

d d Recessive Gray points (dilute color)
gene
. 0| 5
@ Simulation Results
Temperature DD Dd dd

20°C Black pointed | Black pointed | Gray pointed
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Based on the information in the tables, explain
how both genetic and environmental factors can
affect point color variation in Californian rabbits.
Enter your answer in the box provided.
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In this performance task, you will answer six questions.

Ammonia (NHB) gas is needed to manufacture fertilizers. NH; is produced through
an equilibrium reaction between nitrogen (N,) and hydrogen (H,) gases. At
equilibrium, the rate of the forward reaction is equal to the rate of the reverse

reaction. This is the chemical equation for the production of NH;, including the
heat of reaction, AH.

N(g)+3Hg)=2NH{g) AH=—92kI/mol

A fertilizer manufacturer wants to increase profits by shifting the reaction to the
right in order to maximize the amount of NH; produced. The manufacturer hires a
chemical engineer to improve the production processes and increase NH; yields.

To start researching ways for improvement, the engineer considers Le Chatelier’s
principle, which can be explained by this statement: “If a change in conditions
causes a stress to a system at equilibrium, the system readjusts to restore the
system to equilibrium.”
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Based on this information, what two changes to

the system at equilibrium should the engineer
suggest in order to increase the amount of NH,

produced?

Remove NH; from the reaction chamber as it
is produced.

] Decrease the temperature of the reaction
chamber.

Increase the temperature of the reaction
chamber.

Remove H, from the reaction chamber.

[} Remove N, from the reaction chamber.
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This is the chemical reaction for the production of NH;.

Ny(g)+3Hg)=2NH{g) AH=—92kI/mol

The manufacturer explains to the engineer that the minimum
production of NH; should be 102 g at equilibrium.

This table shows the molar mass for each substance in the
equilibrium reaction.

Molecule | Molar Mass (g/mol)

N, 28

H, 2

NH, 17
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Based on this information, select the correct number of grams for
each reactant from the menus.

If 102 g of NH; were produced, at least 9

of N, and at Ieast[ C] g of H, would have been
consumed during the reaction.

41
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If 4 moles of N, and 12 moles of H, were consumed in the
production of NH;, how many moles of ammonia were produced?

® 6 moles
® 8 moles
© 16 moles

~®-32moles
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Students use the periodic table to predict reactions between different elements and elemental bromine (Bl‘z)- An

incomplete equation for the reaction between an element and Br, is shown. Bromine atoms have seven valence
electrons.

+ Br, —

Based on the number of valence electrons of elements in a compound, which is an ionic compound that can form in
a reaction between an element and Br,?

® SBr,, composed of g2 ions and Br~ ions
® CaBr,, composed of cg?* ions and Br~ ions

© CBr,, composed of ¢* ions and Br~ ions

i CianliiiaiEa=aRaE " Br i0ns
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If 4 moles of N, and 12 moles of H, were consumed in the
production of NH;, how many moles of ammonia were produced?

® 6 moles
® 8 moles
© 16 moles

32 moles
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The engineer suggests changing the temperature and pressure of

the reaction chamber to increase the amount of NH; at equilibrium.
The engineer shares data on alternative temperatures, pressures,
and percent by volume of NH; at equilibrium, as shown on these
graphs.

Percent by Volume of (NH,) vs. Temperature (° C) at 200
Atmospheres (atm)
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Percent by Volume of (NH,) vs. Pressure in Atmospheres
(atm) at 400° C
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Based on these data, complete the sentences by selecting the
best word or phrase from the menus.

To increase the amount of NH, at equilibrium at 200 atm, the

manufacturer should the temperature of

the reaction chamber. This change in temperature would shift the

reaction to the because this equilibrium
reaction is Cl
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Using the information in both graphs, select the check boxes to
indicate whether each description is an advantage or a
disadvantage for the overall production of fertilizer.

Reduced reaction rates at low
temperatures

High purchase and maintenance
costs for high pressure machines

Pressures higher than 200 atm
at 400°C produce more than a
45% vyield of NH; at equilibrium

Temperatures lower than 400°C
at 200 atm produce more than a
40% yield of NH; at equilibrium

Advantage Disadvantage

[




