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New Mexico General Education Curriculum Course Certification Form 
 

A. Institution and Course Information 
Name of Institution New Mexico State University 
Department Chemistry and Biochemistry 
Course Number, Title, Credits CHEM 112G, General Chemistry II, 4cr 
Co-requisite Course Number and Title, if any  
Is this application for your system (ENMU, 
NMSU, & UNM)? 

Yes 

Name and Title of Contact Person Deanna Dunlavy, College Associate Professor 
Email and Phone Number of Contact Person ddunlavy@nmsu.edu  (575) 646-4823 

 
Was this course previously part of the general education curriculum? 
☒  Yes   ☐  No 
 
This course will fulfill general education requirements for (check all that apply): 
☒  AA/AS/BA/BS  ☐  AAS 
  

B. Content Area and Essential Skills 
To which content area should this course be added? Indicate “Other” if the course is not associated with one of the six 
NM General Education content areas. 

☐ Communications  ☐ Mathematics  ☒ Science  ☐ Social & Behavioral Sciences 
☐ Humanities   ☐ Creative & Fine Arts   ☐ Other 

 
Which essential skills will be addressed? 

☐ Communication  ☒ Critical Thinking ☐ Information & Digital Literacy 
☒ Quantitative Reasoning  ☒ Personal & Social Responsibility 

 
C. Learning Outcomes 

This course follows the CCNS SLOs for  
CHEM 1126C, General Chemistry II 

 
List all learning outcomes that are shared between course sections at your institution. 

Common Course Student Learning Outcomes (find Common Course SLOs at: 
http://www.hed.state.nm.us/programs/request-a-change-to-the-nmccns.aspx)  

Student Learning Outcomes 
The student will: 



1. describe the process of scientific inquiry 
2. solve problems scientifically 
3. communicate scientific information 
4. apply quantitative analysis to scientific problems 
5. apply scientific thinking to real world problems 

 
 

Institution-specific Student Learning Outcomes  
List institution-specific Student Learning Outcomes 

 
D. Narrative  

Explain what students are going to do to develop the critical skills (selected above) and how you will assess their 
learning? 
 

Communication. Genre and Medium Awareness, Application and Versatility; Strategies for Understanding and 
Evaluating Messages; and Evaluation and Production of Arguments.  
In this box, provide a narrative that explains how the proposed course addresses the outcomes of the first essential 
skill. 200 – 300 words. 

 
Critical Thinking. Problem Setting; Evidence Acquisition; Evidence Evaluation; and Reasoning/Conclusion 
Preface 
These narratives are very similar for our (NMSU) chemistry general education classes.  The way of thinking 
is identical for these classes, therefore we are sharing these narratives. 
 
Critical Thinking Narrative 
 
Chemistry is ultimately the study of the invisible world.  Students need to integrate theories and models of the 
unseen to explain/predict the seen.  This entails recognizing the particular constraints of the phenomena, 
knowing what works best within the constraints and identifying the molecular features that would finally 
provide the observed behavior.  For example, the solubility of substances is at the heart of many daily 
occurrences.  From the need to drink milk to cool a hot chile to making industrial waste less polluting, 
solubility considerations are a huge part of their understanding.  Given a solubility problem, students need to 
discern the type of solvent present, know the structural features a solute requires in order to interact 
appropriately and identify possible solutes that have these features given only a chemical formula. 
 
Problem setting:  Identifying a macroscopic phenomenon that they would like to understand. 
Evidence Acquisition:  Recognize appropriate physical and chemical properties being used to achieve 
phenomenon. Acquire data from various sources that could link the property behaviors to specific molecular 
structure. 
Evidence Evaluation:  Evaluate the sources of data for reliability and accuracy.  From the approved data, 
ascertain which molecular features will produce the physical and chemical properties.   
Reasoning/Conclusion:  Students can provide a credible explanation for the macroscopic phenomenon. 

 
Quantitative Reasoning. Communication/Representation of Quantitative Information; Analysis of Quantitative 
Arguments; and Application of Quantitative Models  



Natural laws are often communicated both in words and in a mathematical, symbolic language.  For that 
matter, even quantities as mundane as concentration units can have their definitions expressed 
mathematically.  Students are required to know these concepts or definitions, in both languages.  Equations 
are not provided to them for exams because they are “definitions in symbolic form”.  Additionally, 
interpreting graphical representations of these laws are also required.  As such, the first skill, 
Communication/Representation of Quantitative Information, is amply achieved. 
 
As far as the second skill, Analysis of Quantitative Arguments, our students in the laboratory setting are often 
asked to compile class data.  Whether it is to see a common measurement or to provide data for 
complementary measurements, they need to analyze not only their own measurements but put it in the context 
of other groups.  Through these, the statistical ideas of outlying data, random errors and systematic errors can 
be observed. 
 
The Application of Quantitative Models is perhaps the most easily identifiable skill.  For this narrative, two 
contexts will be used to illustrate the students’ application of quantitative models.  The kinetic molecular 
theory and Maxwell-Boltzmann distribution of speeds/energy for a given temperature are used to model 
molecular motion in a bulk situation.  These are used to give students understanding of the origin of vapor 
pressure of pure liquids and for colligative properties of solutions as well.  Another important topic for this 
course is to understand the acid/base chemistry of practically everything in aqueous solutions.  Before pH can 
be calculated, students need to assess which method of calculation is needed for the particular solute.  A 
strong acid/base/electrolyte needs to apply the quantitative model associated with complete reactions.  A 
weak acid/base/electrolyte needs to apply the quantitative model associated with the more complicated 
equilibrium systems.  

 
Personal & Social Responsibility. Intercultural reasoning and intercultural competence; Sustainability and the 
natural and human worlds; Ethical reasoning; Collaboration skills, teamwork and value systems; and Civic discourse, 
civic knowledge and engagement – local and global  
Sustainability and the natural and human worlds:  
Daily, the impact of climate change is observed and discussed in the media.  Having an informed society is 
imperative to our ability to adapt and respond to these observations.  The scientific method is a natural way to 
explore and acquire knowledge.  By giving our students an appreciation for and working knowledge of the 
scientific method, we are providing them tools to use to be able to “explain the impact our actions have on the 
sustainability of the natural and human worlds.”  They will be able to look at the facts and draw scientific 
conclusions for themselves, aside from whatever media source they may be reading. 
 
In a more hands-on approach to addressing the relationship between actions and possible impact, laboratory 
exercises train students with proper manipulation of chemicals with the end of achieving personal safety and 
proper containment of waste.  It is the microscale equivalent of the more global example given above. 
 
Collaboration skills, teamwork and value system: 
Chemical advances cannot happen without the collaborative effort of scientists over the world.  Students have 
a mirrored experience in the laboratory through their group work and class compilations of collected data.  
They are also exposed to the ethical obligation of keeping a proper lab notebook and the importance of 
recording mistakes as well as successes.  The explanation of sources of error is a powerful tool for the 
students’ growth in chemical understanding and ethical obligations. 



 
Information & Digital Literacy. Authority and Value of Information; Digital Literacy; Information Structure; and 
Research as Inquiry 
In this box, provide a narrative that explains how the proposed course addresses the outcomes of the third essential 
skill. 200 – 300 words. 

 
E. Supporting Documents 
☐ Sample Course Rubric Attached (recommended)  ☒ Sample Assessment Attached (required) 
 
F. Assessment Plan (Must be on file with HED by August 1, 2019) 

Link to Institution’s General Education Assessment Plan Click here to enter text. 

 

This course meets institutional standards for general education. 

 
_____________________________________________   _____________________________ 
Signature of Chief Academic Officer     Date 

 

 

HED Internal Use Only 

Presented to NMCC on ______________________________ 
Date 

☐Approved ☐Denied   

If denied, rationale: 

 

Institution Notified on _________________________________ 
   Date 

 

 



Sample assessment’s connection to essential skills: 
The sample assessment will lead to the development of the Critical Thinking essential skills, 
Quantitative Reasoning skills, and to some extent, Personal and Social Responsibility skills.   
 
Critical thinking:  Students are given a problem that dictates that they identify properties needed 
to fulfill a requirement.  For the first time, they are given a new parameter, temperature, and have 
to figure out for themselves how to combine their prior knowledge with the new parameter.  
They are provided with some guidance regarding the new parameter, but ultimately they will be 
analyzing and evaluating their choice as to its ability to meet the parameters of the task. 
 
Quantitative reasoning:  Students will need to apply the quantitative treatments of buffers which 
they have learned in the classroom.  Additionally, students are given a new equation from the 
field of thermodynamics that they need to use in order to perform the given task. 
 
Personal and social responsibility:  Students will be working in groups for this exercise.  Parts of 
the project are written, parts are calculations .  Students working together will acknowledge and 
appreciate the varied gifts they each have while collaborating to complete this assessment. 
 
 
 
 
 

CHEM 112 Group assignment 
 
Introduction: 
It is well known that aquatic species are very sensitive to the pH levels and temperature of the 
waters they inhabit.  Consider the yellow perch.  When exposed to a pH gradient, they were 
observed to avoid pH’s less than 4.1.  They have been found in lakes in Ontario, Canada that 
experience pH ranges from 3.9-9.5, although there was less reproductive success in lakes with 
pH less than 5.5. 
 
Temperature is also an important factor.  For proper gamete production and for embryo 
development, cool winter temperatures are required.  For adult growth, however milder 
temperatures are necessary. 
 
Scenario: 

Your research group has been approached by your research supervisor.  She has asked 
you to set up a 500. L water tank that will house yellow perch, starting with distilled 
water.  The tank will have a thermostat that will allow observation of the fish at different 
temperatures.  The tank is also equipped for pH measurement and for the introduction of 
“stresses” to observe fish responses. 
 
Your task is to prepare a buffer system that will maintain a proper pH while allowing for 
neutralization of added “stresses” and temperature fluctuations.  A chart containing the 



specific requirements is given below.  Assume that after each “stress” has been handled, 
steps have been taken to return the system to how you initially created it. 
 
Life Stage Temperature pH “Stress” 
Embryo 10°C 5.5 Addition of 1.0 L of 0.14 M acid 
Adult 22°C 6.2 Addition of 2.0 L of 0.25 M acid 

 
(DISCLAIMER:  this is a theoretical scenario.  Do not attempt to raise yellow perch or 
other aquatic species in the way you propose.  This scenario simplifies all the 
considerations that living creatures need.) 

 
Learning Goals: 

I. Demonstrate an understanding of the temperature dependence of equilibrium 
constants and, therefore, effective pH ranges. 

II. Identify a buffer system that has an appropriate effective buffering range under all 
temperatures being used. 

III. Identify appropriate amounts of buffer components to maintain a sufficient buffering 
capacity. 

 
 
 
Additional information: 
Your CHEM 112 course has given you the basics of choosing and creating a buffer system and 
how it works to maintain pH when acid or base is added to it.  The buffering capacity, the 
amount of added acid or base that can be neutralized while staying within the effective buffer 
range, has also been addressed.  A new idea, the temperature dependence of acids/bases/buffers, 
has not been presented in class.  This assignment will allow you to explore this idea in the 
context of something you are already familiar with. 
 
Thermodynamics uses the van’t Hoff equation to show the temperature dependence of 
equilibrium constants: 
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This equation allows you to calculate the value of any equilibrium constant at different 
temperatures if you know the ΔH° for the process.   
 
You will be given a Data table containing Ka’s for various weak acids at 25° and an estimate of 
the ΔH° for each one.  You need to create a single buffer system using an appropriate weak acid 
that will have an effective buffer range at both temperatures that satisfies your specific 
requirements (given in the table above).  If no one buffer can work at both temperatures, this 
needs to be addressed in your report.   
 
You will provide a written document (paragraphs, complete sentences, etc.) describing the 
process you went through to choose a buffer system (with supporting calculations showing all 
your work), the amounts needed (with supporting calculations showing all your work) and you 
must show that the buffer meets the requirements that your advisor gave you. 




