
Chemistry 125/126     General Chemistry Laboratory                  Fall 2015 
Section 500: Authentic Research on Perovskite Films – 3rd Generation Photovoltaics 

Description: This course is a research-based, introductory chemistry laboratory class. The 
emphasis is on the synthesis and assembly of thin film organometallic perovskite 
photovoltaics. In this course, students will be introduced to a variety of basic 
principles in general chemistry through the preparation and analysis of functional 
photovoltaic cells.  

Lecture: Tuesdays 10:00-11:00AM, 1628 CHEM 

Laboratory: Wednesdays 11:00AM – 2:00 PM 
  Section 501/502: A718 CHEM 
  Section 503/504: A724 CHEM 

Instructor: Prof. Stephen Maldonado 
  Office: Chem 4533 
  smald@umich.edu 

  Office Hours: Wed 2pm-3pm, Thurs 3pm-4pm and by appointment; Room 4533 

Graduate TA:  Sudarat Lee 
   Office Hours: Thurs 4pm-5pm and Fri 9aM-10AM; Room 4742 CHEM 
Undergraduate TA: Matt Bagazinski 

Required Textbook: none 

Required Materials: a bound laboratory notebook with carbon copy pages dedicated only for 
this course, a separate notebook for recording notes during lecture, a 
scientific calculator, and regular access to a computer with data/word 
processing capabilities (e.g. Microsoft Office) and access to the intranet 
and internet 

Format: The lectures will focus on sequential topics that are necessary to know in order to 
understand the perovskite thin film photovoltaic materials. The lab activities are 
divided into two types. The lab activities during the first 8 weeks are designed to 
develop the relevant skills needed to perform each step in the preparation of thin film 
perovskite solar cells. The lab activities during the last 6 weeks have two objectives. 
First, you will learn how to assemble, test, and interpret a working photovoltaic cell. 
Second, you will be allotted time to propose an original hypothesis on how a given 
factor affects the operation of a thin film perovskite solar cell and then test that 
hypothesis. The specific contents and goals of each lecture and lab are detailed later in 
this document. The overarching objective is to let you experience a research 
project on next generation solar energy technologies. Our collective goal is to 
compile new and statistically valid insights and disseminate them to the 
photovoltaic research community.    

Quizzes: A short (five minute) quiz will be given at the start of each weekly lab. Each quiz 
 will cover material discussed in the preceding week’s lecture and lab 

Exams: Two exams will be given during the semester in class  

  Exam 1- 10/27 (in lecture) 
 Exam 2- 12/08 (in lecture) 
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Grading Policy: Your final course grade will be assigned based on your cumulative point total  
     over the term. 
 Attendance (x 22)           5 pts. 110 
 In-lab quizzes (x 10)       5 pts.   50 
 Lab Notebook (x 10)      10 pts. 100 
 Lab Performance (x 12)     10 pts. 120 
 Lab Report (x 1)     35 pts.   35     
 Exams (x 2)    100 pts. 200 
 Total Points Possible     595 

Attendance - Attendance is vital for advancing the goals of this course. You will be awarded 5 
pts for each lecture or lab you attend and complete. Please contact me during the first week of 
the semester if there are any potential scheduling conflicts/absences.  
 
Quizzes - A short, closed-notes quiz over the previous week’s materials will be given at the start 
of every lab session. These quizzes are intended to give you (the students) feedback on your 
retention of recent concepts and to give me (the instructor) insight on how well the class is 
following the course topics. 
 
Lab Notebook - You will need to maintain a detailed lab notebook throughout the semester and 
turn in a carbon copy before leaving each lab. Each entry in your notebook will contain 4 
sections (Date, Objective Statement, Work Plan, Observations) and be evaluated for proper 
format (written in ink, no scribbles, legible). An example will be provided online. This notebook 
will in effect become your manual on how to synthesize and characterize your photovoltaic cells.  
 
Lab Performance  - The TAs and I will evaluate your ability to function as a researcher in the 
lab in four separate aspects. (1) You can follow all safety rules and not endanger yourself or 
others. (2) You are a good lab citizen by using the allotted space efficiently and cleaning & 
putting away your materials on time. (3) You can work with others by sharing resources and 
being helpful without being unkind, argumentative, and inconsiderate to your classmates. (4) 
You can stay on task and give the lab your full attention. 
 
Lab Report - You will generate a comprehensive technical research report at the end of this 
term the characterization of your photovoltaic cells. You will include data on a design given by 
me and date based on a design from an original hypothesis you propose. The format of the report 
will be detailed during the semester but will include 7 sections (abstract, introduction, 
experimental, results, discussion, conclusion, and references). Collaboration in the lab is 
encouraged and necessary, but this report must be your own. 
 
Exams - There will be two separate exams given during the lecture times on 10/27 and 12/08. 
The exams will cover content discussed in previous labs and lectures. The second exam will not 
be cumulative, but some foundational concepts throughout the semester may be included in the 
second exam. You are encouraged to ask me about a topic’s inclusion on the second exam if it is 
not made clear beforehand.  
 
Homework  - There are no problem sets or assigned exercises in this class! 
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Laboratory Safety 
This is a laboratory course. Your health and safety are very important to everyone involved in 
this course. We require that you wear proper lab attire, including safety goggles and clothing that 
covers from shoulder to foot. Tops that  have sleeves  (even  short  sleeves)  are  required,  as  are  
footwear  that  fully enclose the foot. Regarding eye protection:  At  the  beginning  of  each  lab  
session,  the  instructor will  request  that  eye  protection  be worn. If a student is observed to be  
in the lab without their goggles in place, that student will receive one (1) verbal reminder to keep 
their eyes protected. If such a student is observed to be without eye protection a second time in a 
class session following a verbal reminder, that student is choosing to be removed from the course 
for the semester. 

Students with Disabilities 
If you think you may need an accommodation for a disability, please let me know at the 
beginning of the term. Next, you should contact the Services for Students with Disabilities (SSD) 
office. Once your eligibility for an accommodation has been determined, you will be issued a 
Verified Individual Services Accommodation (VISA) form and we can arrange for your 
accommodation. Any information you provide is private and confidential and will be treated as 
such. If you already have a VISA form from SSD, please present this form to me at the 
beginning of the term, but no later than at least two weeks prior to the need for the 
accommodation so that there is enough time for the appropriate arrangements to be made.  

Student Misconduct Policy 
The University of Michigan is committed to fostering a safe, productive learning environment. 
Title IX and our school policy prohibit discrimination on the basis of sex, which regards sexual 
misconduct - including harassment, domestic and dating violence, sexual assault, and stalking. 
Confidential support and academic advocacy can be found with the Sexual Assault Prevention 
and Awareness Center (SAPAC) on their 24-hour crisis line, 734-936-3333 and at 
http://sapac.umich.edu/. Alleged violations can be non-confidentially reported to the Office for 
Institutional Equity (OIE) at institutional.equity@umich.edu. Reports to law enforcement can be 
made to University of Michigan Police Department at 734-763-3434. 

Academic Misconduct  
The College promotes the assumption of personal responsibility and integrity, and prohibits all 
forms of academic dishonesty and misconduct. All cases of academic misconduct will be 
referred to the Office of the Assistant Dean for Undergraduate Education. Being found 
responsible for academic misconduct will result in a minimum sanction of a zero score for an 
offending quiz, report, or exam, in addition to any sanction from the College. For more 
information, including examples of behaviors that are considered academic misconduct and 
potential sanctions, please see www.lsa.umich.edu/academicintegrity.  
Note: Departmental policy indicates the first step in inquiring about the accuracy of a final grade should be directed 
to the lead instructor of the course. This initial inquiry should take place within the first fifteen University business 
days of the first full term following the term in which the disputed grade was issued. If, after this inquiry, the student 
is not satisfied with the instructor’s response, the student may choose to initiate a formal grade grievance. To initiate 
a formal grade grievance, the student should contact the Associate Chair of Undergraduate Studies (ACUS) of the 
home department of the course in question before the end of the fifth week of classes in the first full term following 
the term in which the disputed grade was issued. 
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Week Lecture Lab 
 1 09/08: Introduction/Motivation 09/09: Excel/Literature/Lab Check In 
  Goal - The organization of the class, order of experimental work, and introduction to scientific literature will be covered during the  
  lecture. A working knowledge of Excel and how to record data in a lab notebook will be expected after this lab. 
 
 2 09/15: Light Absorption, Transmittance &Reflectance 09/16: Transmittance of PbI2 Films Before and After Reaction 
  Goal - A basic description of the nature of light and how light interacts with matter will be discussed so as to understand what is  
  needed in a desirable solar cell material. The lab will provide an opportunity to make spectral measurements before and after a  
  chemical transformation. 
 
 3 09/22: Acid/Base & Single Molecules/Extended Crystals 09/23: Recrystallization of CH3NH3I 
  Goal - The basic concepts of acid/base chemistry will be covered so as to understand the first precursor to be used in the synthesis of  
  perovskite thin films. A primer on crystals will also be covered in lecture. The lab will focus on teaching students how to purify raw  
  CH3NH3I by recrystallization. 
 
 4 09/29: Solutions, Molarity, Reaction Stoichiometry 09/30: Synthesis of CuSCN 
  Goal - The formal definition of a solution, the concept of ‘moles’, and the meaning of stoichiometry in a reaction will be covered in  
  lecture. The lab will focus on the synthesis of CuSCN (a component in the target perovskite photovoltaics) by a homogeneous   
  chemical reaction.   
 
 5 10/06: Electrochemistry (Non Spontaneous) 10/07: Electrodeposition of PbO2 

  Goal - A basic introduction to the field of electrochemistry will be given. A brief discussion of both heterogeneous and non-  
  spontaneous reactions will be covered in lecture. The lab will focus on the electrodeposition of PbO2 films, which will be used later to 
  prepare CH3NH3PbI3.films. 
 
 6 10/13: Electrochemistry (Spontaneous) 10/14: Conversion of PbO2 to PbI2 
  Goal - The field of electrochemistry will further be discussed, with an emphasis on spontaneous and homogeneous reactions. The lab  
  will focus on the chemical conversion of the previously prepared PbO2 films to PbI2 film, which will be used later to prepare   
  CH3NH3PbI3.films 
 
 7 10/20: No Lecture 10/21: No Lab 
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Week Lecture Lab 
 8 10/27: In Class Exam 10/28: Conversion of PbI2 to CH3NH3PbI3; 
    Discuss Hypothesis Proposal 
  Goal - The lab will focus on converting the previously prepared PbI2 films to CH3NH3PbI3.films. 
 
 9 11/03: Basic Electronics & Data Analysis 11/04: Assemble 1st Photovoltaic Cell; 
    Preliminary Photovoltaic Testing 
  Goal - A basic overview of simple electrical components and how to analyze the operation of a photovoltaic will be discussed in  
  lecture. The lab will go over the remaining steps needed to assemble a functional perovskite photovoltaic cell and how to test its  
  operation. 
 
 10 11/10: Statistics & Data Reporting 11/11: 2nd Generation Photovoltaic Cells; 
    Submit and Get Approval of Testable Hypothesis 
    Advanced Characterization* 
  Goal - A discussion on averages, standard deviation, accuracy, precision, and systematic/random error will be covered in lecture.  
  The lab will provide time to synthesize and test a statistically relevant number of CH3NH3PbI3.films.Selected films will be submitted  
  for further advanced analyses. 
 
 11 11/17: Composing a Lab Report 11/18: Hypothesis Testing; 
    Advanced Characterization* 
  Goal - A tutorial on how to compose a technical lab report will be discussed in lecture. The lab will provide time for independent  
  activities to test approved hypotheses. Selected films will be submitted for further advanced analyses. 
 
 12 11/24: No Lecture 11/25: No Lab 
 
 13 12/01: State-of-the-Art in Perovskite Photovoltaics 12/02: Hypothesis Testing 
  Goal - An overview on the latest research developments in the field of perovskite photovoltaics will be discussed in lecture. The lab  
  will provide time for independent activities to test approved hypotheses.  
 
 14 12/08: In Class Exam 12/09: Hypothesis Testing/ Lab Check Out 
  Goal - The lab will provide time for independent activities to test approved hypotheses. 
 
 15 12/14: Turn in Lab Report by 6pm in room 4533 


