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Science practices  
for Ap Chemistry
Science Practice 1: The student can use representations and models to 
communicate scientific phenomena and solve scientific problems.

The ability to use models and “pictures” to explain/represent what is happening at 
the particulate level is fundamental to understanding chemistry. The student must 
be able to draw representations of these particles (atoms, ions, molecules) whose 
behaviors we observe macroscopically in the laboratory. Students should be able 
to draw pictures that represent the particles we cannot observe, but which match 
the accepted models for various phenomena such as ionic solids versus metallic 
solids (SP 1.1). The student should also be able to label representations of common 
chemical systems, such as the hydrogen bonding between ethanol molecules versus 
the covalent bonding within the molecules (SP 1.2). It is expected that the student 
can use experimental evidence to refine a model, such as describing modifications 
to the Bohr model that are required by PES data (SP 1.3). The student needs to be 
able to use representations and models to make predictions, such as using VSEPR 
to draw molecules and predict their polarity (SP 1.4). The student also should be 
able to translate between various representations, such as reading photoelectron 
spectroscopy data and then writing an electron configuration consistent with the 
data, or using the periodic table to predict either the photoelectron spectrum or the 
electron configuration (SP 1.5).
1.1 The student can create representations and models of natural or man-made phenomena 

and systems in the domain.

1.2 The student can describe representations and models of natural or man-made 
phenomena and systems in the domain.

1.3 The student can refine representations and models of natural or man-made phenomena 
and systems in the domain.

1.4 The student can use representations and models to analyze situations or solve problems 
qualitatively and quantitatively.

1.5 The student can reexpress key elements of natural phenomena across multiple 
representations in the domain.

Science Practice 2: The student can use mathematics appropriately.

Mathematical reasoning skills are essential for success in chemistry. The student 
should be able to cite reasons for using a particular mathematical routine, such as 
graphical evidence for the inverse relationship between P and V to justify the use of 
inverse proportionality in mathematical problem solving, or justify the use of the 
ideal gas law based on the underlying assumptions of ideal gas behavior (SP 2.1). 
The student should also be able to use mathematics to solve problems that describe 
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the physical world, such as predicting the empirical formula for a compound 
based on experimental data (SP 2.2). Sometimes students apply algorithms to 
solve problems, but have little conceptual understanding. An important skill for 
the student is the ability to estimate the approximate value rather than use routine 
application of an algorithm. For example, students should be able to predict the 
sign and approximate magnitude of the enthalpy change for a spontaneous reaction 
that has a negative entropy change (SP 2.3).
2.1 The student can justify the selection of a mathematical routine to solve problems.

2.2 The student can apply mathematical routines to quantities that describe natural 
phenomena.

2.3 The student can estimate numerically quantities that describe natural phenomena.

Science Practice 3: The student can engage in scientific questioning to extend 
thinking or to guide investigations within the context of the AP course.

Scientists ask questions about the natural world that will help them develop 
further understanding of how things work. The student in AP Chemistry should 
be encouraged to ask questions that can be answered with empirical data. The 
laboratory experience should include opportunities for the student to formulate 
hypotheses, such as in an inquiry lab in which the student decides what questions 
to investigate concerning the variables that determine the rate of a chemical 
reaction. Or, the student could formulate questions that must be answered to 
determine the identity of an unknown (SP 3.1). The student should be able to 
modify a hypothesis based on data collected, such as determining further questions 
that would need to be answered to determine the mechanism for a reaction, or 
completely identifying an unknown (SP 3.2). Additionally, the student should be 
able to examine evidence to determine if it supports the hypothesis; for instance, is 
PES data consistent with the Bohr model, or can Coulomb’s law and the shell model 
be used to explain why the ionization energy of Na is higher than that of Rb (SP 
3.3).
3.1 The student can pose scientific questions.

3.2 The student can refine scientific questions.

3.3 The student can evaluate scientific questions.

Science Practice 4: The student can plan and implement data collection strategies 
in relation to a particular scientific question. [Note: Data can be collected from 
many different sources, e.g., investigations, scientific observations, the findings 
of others, historic reconstruction, and/or archived data.]

An important part of chemistry is the collection of data that can be used to answer 
a particular scientific question. Students should be able to justify why a particular 
kind of data is most useful for addressing a question, such as the use of mass 
spectra to support the existence of isotopes, or the trapping of a particular reaction 
intermediate to support a hypothesized reaction mechanism (SP 4.1). The student 
should also be able to design a plan that will generate useful data, such as a plan 
for measuring a reaction rate that controls the relevant variables (temperatures and 
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concentrations), or a plan to determine homogeneity of a substance by collecting 
and analyzing small samples from different regions of a substance (SP 4.2). The 
student should also know which data should be collected to achieve a certain goal, 
such as monitoring concentrations versus time to measure a reaction rate (SP 4.3). 
Finally, the student should be able to evaluate sources of data to identify which are 
most useful for addressing a certain question, such as deciding which properties 
(melting point, boiling point, density) are most useful for determining the relative 
strength of intermolecular forces (SP 4.4).
4.1 The student can justify the selection of the kind of data needed to answer a particular 

scientific question.

4.2 The student can design a plan for collecting data to answer a particular scientific 
question.

4.3 The student can collect data to answer a particular scientific question.

4.4 The student can evaluate sources of data to answer a particular scientific question.

Science Practice 5: The student can perform data analysis and evaluation of 
evidence.

Critical analysis of data is an essential part of chemistry. Many of the most useful 
concepts in chemistry relate to patterns in the behavior of chemical systems, 
such as periodic trends in atomic and molecular properties, direct and inverse 
proportionalities in the properties of gases, and the power dependences contained 
in a reaction rate law. Students should be able to analyze data to identify these types 
of patterns and relationships (SP 5.1). Once such a pattern is identified, students 
should be able to use the pattern to refine observations and measurements, such as 
indicating whether sufficient data was collected to determine a reaction rate law, 
and suggesting additional data that may be needed (SP 5.2). Students should also 
be able to evaluate the degree to which a set of evidence can address a scientific 
question, such as evaluating the degree to which a particular set of observations 
indicates that a process is chemical versus physical, or indicates that a process is 
driven by entropy, enthalpy, or both (SP 5.3).
5.1 The student can analyze data to identify patterns or relationships.

5.2 The student can refine observations and measurements based on data analysis.

5.3 The student can evaluate the evidence provided by data sets in relation to a particular 
scientific question.

Science Practice 6: The student can work with scientific explanations and 
theories.

A goal of the AP course is to instill in students the ability to work with scientific 
explanations and theories. This higher level of the cognitive framework builds on the 
lower levels, and so the tasks will typically involve other portions of the framework, 
such as the generation and use of graphical representations (SP 1) or application 
of mathematical reasoning (SP 2). Students should be able to justify claims with 
evidence, such as justifying a reaction as being a redox reaction based on evidence 
regarding oxidation states, or justifying the relative strength of acids based on 
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evidence regarding pH of various solutions (SP 6.1). Students should also be able to 
construct explanations based on evidence, such as constructing a reaction mechanism 
that is consistent with an observed rate law (SP 6.2). The student should also be 
able to articulate reasons why a theory is refined or replaced, such as citing specific 
evidence that led to revisions in the atomic theory, or explaining how free energy as 
criteria for spontaneity can be viewed as a refinement of the idea that all processes go 
downhill in energy (SP 6.3). The use of models and theories to generate predictions 
or claims occurs in nearly all facets of chemistry, including, for instance, the use 
of VSEPR theory to predict the structure of a molecule, or the use of Le Châtelier’s 
principle to predict the response of a system to an external stress (SP 6.4). Evaluation 
of alternative explanations is an important aspect of scientific practice, and shows up 
particularly well in AP Chemistry with regard to using evidence to decide between 
various plausible mechanisms for a chemical reaction (SP 6.5).
6.1 The student can justify claims with evidence.

6.2 The student can construct explanations of phenomena based on evidence produced 
through scientific practices.

6.3 The student can articulate the reasons that scientific explanations and theories are refined 
or replaced.

6.4 The student can make claims and predictions about natural phenomena based on 
scientific theories and models.

6.5 The student can evaluate alternative scientific explanations.

Science Practice 7: The student is able to connect and relate knowledge across 
various scales, concepts, and representations in and across domains.

Students develop and demonstrate deep understanding of a subject by linking ideas 
both within a particular domain and across domains. A central aspect of chemistry 
is linking atomic level phenomena and models to macroscopic phenomena (SP 7.1). 
Such links occur, for instance, in relating the properties of gases to kinetic theory, 
connecting the properties of solids to the underlying atomic structure (covalent, 
molecular, metallic), and relating concentrations of species to the dynamic nature 
of chemical equilibrium. The conceptual structure of chemistry is also highly 
interconnected. For instance, the thermodynamics of a chemical reaction is 
connected both to the structural aspects of the reaction (i.e., which atomic-level 
interactions are being broken and formed), and to the macroscopic outcomes of 
the reaction (i.e., the concentrations at equilibrium, the rate at which it reaches 
equilibrium, and the energy released or absorbed as the reaction progresses). In 
addition to connecting concepts within chemistry, students should be able to draw 
connections to domains outside chemistry, such as the connection between protein 
structure (primary, secondary, and tertiary) in biology, and covalent versus non-
covalent interactions in chemistry (SP 7.2).
7.1 The student can connect phenomena and models across spatial and temporal scales.

7.2 The student can connect concepts in and across domain(s) to generalize or extrapolate 
in and/or across enduring understandings and/or big ideas.




