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Class Syllabus 

Summer II 2014 

CHE 134L 

General Chemistry II Laboratory 
Name:  R.H. Langley     Email:  rlangley@sfasu.edu 

Website:  www.faculty.sfasu.edu/langleyricha  Phone: (936) 468-3606 

Office Hours:  TBA         Class meeting time and place: Section 20: 1:00-5:15 TR, C101 

        Section 21: 1:00-5:15 TR, C102 

 

A pre-lab discussion will be held in a designated lecture room before each lab. 

 

Course Objectives  
To provide students with an explanation of the basic concepts, laws and theories of chemistry and to 

apply them to chemistry problems through a laboratory setting.  The student will demonstrate basic 

laboratory techniques and be able to apply them in a practical chemistry setting. 

 

SECTION I – General Information 

 

Description of Course 

 

This lab will be fun!  Enjoy it!   

 

 

 

The lab is laid out differently than the traditional “cook-book” 

chemistry laboratory.  In the traditional chemistry laboratory, 

the student is given a procedure then the student in a group 

executes the procedure.  Later the student is held accountable 

for the techniques and concepts involved with the procedure.   

 

 

 

In this lab, you will first be taught as an individual, some 

specific techniques.  Then, you will be grouped with others.  

Your group will be given a problem.  The group of students, not 

the teacher, generates a procedure called a project plan.  Then 

the group then executes the procedure.  To help you understand 

the key concepts, a series of post-laboratory questions are done.  

As the group solves the problem, they will provide a 

written/oral report.  Finally, to ensure that the individual is 

learning the techniques and mastering the concepts, the 

individual will complete a lab practical.   

 

 

Text and Materials: Cooper, Melanie M.  Cooperative Chemistry Laboratory Manual, 5th ed, 

McGraw Hill.  ISBN 978-07-340272-7.  

A scientific calculator (can be graphing or non-graphing; needs to be able to do scientific notation) 

Individual Sharpie, masking tape (for labeling) and clothespin. 

Individual:  skill building

Group:  Planning, 
project plan, recitation

Group:  excecute 
procedure, reflect, re-

do  & 

post-lab questions

Group:  written report 
and/ or oral report

Individual:  lab pratical

mailto:rlangley@sfasu.edu
http://www.faculty.sfasu.edu/langleyricha


2 

 

A laboratory notebook, if you took CHE 133L at SFA, you can still use the same notebook. 

 

Student Learning Outcomes: By the end of the semester, the student should be able to: 

 

Apply chemistry concepts to problem solving. 

Apply quantitative methods to problem solving. 

Demonstrate the knowledge of issues facing modern science, and have the confidence and laboratory 

skills needed to complete routine experiments. 

Demonstrate the knowledge of the influence of modern technology on chemistry by using 

instrumentation to collect data during laboratory experiments 

 

Course Requirements:  
Two Skill Building Exercises will be held at the beginning of the semester as individuals.  The skill 

building exercises are meant to help students improve their skills as an individual before we start 

the semester in earnest.  Take the time to learn each of the skills presented!  

 

Three Project Plans (PP) will be performed during the semester as a group—each group will turn in 

only 1 project plan for each project.  The Project Plan forces the group to think through the problem 

presented.  Project Plans will be word processed.  The title page will include the title of the project, 

the semester, the course, the group members, group member roles, and a short description of what 

will be accomplished each day.  The first section will be a statement of the problem in paragraph 

form followed by a paragraph outlining how the problem will be solved.  Section two will include a 

description of the relevant chemistry including chemical equations and or mathematical equations.  

Provide references within this section.  For this laboratory, the text adopted for the course is the 

most appropriate reference; of course other references are welcome.  Section three will include a 

description of the techniques to be used and assign individual group members to mastering the 

technique.  The purpose of this section is for you visualize how to perform each of the techniques—

include diagrams and write enough so that you get it correct!  The most appropriate reference for 

this section is the lab manual itself.  Again, other references are welcome.  Section four will 

include a detailed procedure (bullets and or numbers) followed a justification (paragraph form).  

Section five will include sample data tables, numbers you would expect to generate from the data, 

and how those numbers will generate the answer required (sample calculations).   Section six 

includes all references.  Provide enough information so that the reference can be tracked down.  The 

entire document should be of high quality using superscripts, subscripts, equation editors, etc. as 

appropriate.   

 

The Post Lab questions/lab notebook are to be completed by each individual group member in their 

own carbon copy laboratory notebook.  Each student will have the data / observations hand written 

into their lab notebook.  The entire group can work on the post lab questions together; however, 

each individual in the group must place their own answers to the post lab questions in their own lab 

note book.  At the end of the PL questions students will assign fellow group members faces as 

described below.   

 

The three Lab Practical exercises are used to test a student’s ability to work independently.  In 

general, skills from the semester (and/or 133L) will be isolated in a “station.”  The student will have 

approximately 5-10 minutes to complete the skill at the station before going to the next station.   

Students should practice techniques and known the content of each laboratory for the lab practical.  

In order to do well, practice each of the activities the group is doing during lab time.  
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Three Written Reports (WR) are due during the semester.  Specifics for how the written report are 

graded are given in a separate document. 

 

Assessing other group members and faculty assessment of the group 

The laboratory course is being taught in a collaborative fashion.  As such, everyone must contribute 

to the learning experience.  Learn what is expected of you and others. 

• Everyone will attend the lab recitation and participate.  Students who do not participate will 

have their involvement docked by the faculty member. 

• Everyone will keep a lab notebook.  Everyone will complete Post-Lab (PL) questions worth 

15 points.  (5 spot checking specific items; 5 points on the quality of your answer on 1 

question;5 points for involvement) 

– Each group member will individually assign one of two faces to the other group 

members (  or ).  When assigning an unhappy face, provide a justification.   

– When two or more people in the group assign an unhappy face, the individual group 

member will earn a 0/5 for involvement in the laboratory.  In addition, if two 

unhappy faces are assigned in a row,  

• The person will do the written report as an individual. 

• The individual’s written report may face a substantial deduction (30%). 

• The individual may be assigned to another group (with other unhappy faces) 

or work as an individual the remainder of the semester.   

• For each Project Plan and Written Report each person will also turn in a separate piece of 

paper with the group members and assign either a happy face or an unhappy face.  Again, 

for the unhappy face, please provide a justification.  The consequences for reaching a 

consensus of unhappy faces are: 

– A 10% reduction in their individual grade project plan/written report.   

• For students earning two  during the semester places you on the “the special list”.  You 

will be required to meet with the instructor individually outside of lab time and come up 

with a plan to do better. 

• Three -5% reduction in course grade; each additional  then an additional 5%. 

 

The consequences of not performing up to the group’s expectations, is rather severe.  For this 

reason, only assign unhappy faces when you are confident that the person’s actions as related to the 

lab deserve such actions.   

 

The only things you should have with you when doing the lab are: your lab notebook, 

pen, calculator, and pre-lab outline.  Lab manuals should NOT be out during lab. 
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Course Calendar:  

Date 

Day  

of  

Week 

Date Task(s) Points 

I = individual work 

G = group work 

T 7/12 Introduction and Establish Groups 

Safety and Check-in  

Begin work on Redox Equations (Attached) 

Round Robin A 

0 

0 

0 

10 I 

R 7/14 Lecture Graphing to determine order 

Round Robin B 

Groups to formulate the first project plan 

0 

10 I 

0 

M 7/18 Project Plan 15 Due 30 G 

T 7/19 Project 15: Iodine Clock Kinetics 10 post-labs I 

R 7/21 Project 15: Iodine Clock Kinetics 10 post-labs I 

M 7/25 Project Plan 7 Due  

Additional Information attached to Syllabus 

30 G 

T 7/26 Project 7:  Acid/Base titration w/ ID 

Written Report over Project 15 Due 

10 post-labs I 

30 G 

R 7/28 Project 7: Acid/Base titration w/ ID 10 post-labs I 

M 8/1 Project Plan 10 Due 30 G 

T 8/2 Written Report over Project 7 Due 

Practical 1 

Redox Quiz 

40 G 

100 I 

50 I 

R 8/4 Project 10: Electrochemistry-making a battery 10 post-labs I 

T 8/9 Project 10: Electrochemistry-making a battery 10 post-labs I 

R 8/11 Practical 2 100 I 

F 8/12 Written Report over Project 10 Due 50 G 

 

Grading Policy:  
 

 The grades for the experiments will be for the write-up that you submit.  Important features 

of the reports will be finishing all work, having reasonably accurate results, and proper 

calculations and significant figures. 

 The Redox quiz will focus on balancing redox equations.  Directions are attached to this 

Syllabus 

 If you are found copying lab results from any source, other than your own work or in in 

some cases, your group, you will be given an automatic F in the course (see Section II).  

 

Grading scale – 540-483 points = A, 482-429 points = B, 428-375 points = C, 374-321 

points = D 

 

Attendance Policy:  
During the summer each lab session is equivalent to one and a half weeks of work during a long 

semester; therefore, missing a lab session is missing a significant amount of material.  The student 



5 

 

is expected to come to lab and complete the work.  One absence will be accommodated on an 

individual basis, IF it is an excused absence (you must talk to the lab instructor if you wish an 

excused absence), otherwise it will count as a zero for the day’s work.  You will be allowed to use 

data obtained by the other members of the group.  Additional absences will be dealt with as the need 

arises.  If you do nothing about an unexcused absence by the end of the term (last day of class, not 

finals), it will count as a no-pass for the course.  If you leave the lab before finishing the 

experiment, it is an unexcused absence, and will be an automatic zero for the day (unless excused).  

Absences may be assigned to anyone that disrupts class, sleeps in class, or consistently comes in 

late or leaves early.  

 

Other: 

 

 Students are expected to attend the pre-lab recitation before each lab.  

 Bring a NON-programmable, scientific calculator.  Cell phones and programmable 

calculators may NOT be used on quizzes. 

 Turn off and put away cell phones; NO texting during lab. 

 Come dressed as described in the safety rules. (Clothes to the ankles, no mid-drift shirts, 

closed-toe shoes. Shoes MUST completely cover feet.  Anyone not dressed 

appropriately for lab will be sent home.) 

 Follow all safety rules and good laboratory practices at all time:  

 Wear safety goggles when anyone in the lab is working on an experiment. 

 One warning concerning safety goggles will be given.  This is the one warning.  A 

person will be sent home and be will earn a zero that may NOT be dropped. 

 NO horseplay in laboratory 

 Be courteous and respectful of other students, laboratory assistants, and stockroom 

personnel. 

 Work with assigned group unless otherwise instructed by the lab assistant. 

 Students are responsible for any answer they report on a lab, assignment, or quiz.  

Laboratory teaching assistants are students and sometimes may make an error or 

misunderstand a question.  You can NOT claim the lab assistant told you the wrong 

answer and get points back.  

 Significant figures are required on all answers given in lab on laboratory report sheets, 

assignments, quizzes, and exams. 

 No make-up quizzes will be given if a student comes in late and misses the quiz. 

 Missing a pre-lab lecture will result in a 10% deduction from the lab and a zero will be 

recorded for the quiz.  Absences may be assigned to anyone that disrupts class, sleeps in 

class, or consistently comes in late or leaves early.  Any assigned absence will result in a 

zero for the day which can NOT be dropped. 

 Do not email your professor through the D2L system; instead send him an email at 

rlangley@sfasu.edu. 

 Grades will not be posted in D2L.  Keep up with your returned work. 

 

If you should have any questions dealing with grades, study habits, etc., you should see your lab 

instructor.  Any type of special accommodations will be arranged only after a consultation in the 

instructor's office.  (Special accommodations must be arranged so that all students are treated 

equally.) 

 

mailto:rlangley@sfasu.edu
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This course serves as the prerequisite for many different things.  Thus, it is important for students to 

use this course to prepare for their personal goals.  In addition, this course may satisfy certain 

ExCet/TEKS objectives for Chemistry and Integrated Physics and Chemistry (Physical Science).  

The correlation between these objectives and the chemistry courses may be obtained from Dr. John 

Moore, the chemistry certification advisor. 

 

Laboratory Safety  
 

 The chemistry lab can be a dangerous place.  Many of the chemicals you will use are toxic, 

corrosive, flammable, or otherwise hazardous.  You do not need to be afraid of these chemicals; 

however, you DO need to have a healthy respect for them.  If you have a question about how to 

handle a chemical or piece of equipment properly, ask the TA or the professor. 

 The best safety device you have in lab rests on your shoulders.  You have a brain.  Use it!  Think 

BEFORE you do things. 

 Many accidents or mishaps in lab can primarily be attributed to two main factors: 

 Failure to prepare thoroughly for lab - You MUST know what chemicals you will be using 

and know the hazards associated with them.  Pay special attention to any special warnings 

or directions given in the text or handouts.  Listen attentively during the pre-lab lecture.  

Ask questions if you are unsure of how to handle a particular chemical or how to do a 

procedure.  It is much better for you to ask and take a few minutes of class time than for 

you to do something incorrectly, ruin an experiment, or possibly create a safety hazard in 

the lab. 

 Momentary episodes of carelessness - Many times students simply forget that they should 

(or should not) do something until they do it (or don’t do it).  At that point, it is too late.  

THINK about what you are doing.  If you see a classmate doing something incorrectly, tell 

him/her.  A lot of these problems can be alleviated or even avoided through proper, 

thorough preparation. 

 A copy of the SFASU Department of Chemistry safety rules has been provided for you.  READ 

THEM!!!  If you do not understand any portion of the rules, it is your responsibility to ask the 

instructor.  You may do this during my office hours, immediately before lab, or via email. You 

MUST sign this form before being allowed to participate in lab. 

 You are expected to follow all safety rules AT ALL TIMES while in lab. 

 ATTENTION FEMALE STUDENTS:  IF YOU ARE PREGNANT, OR IF YOU FIND OUT 

YOU HAVE BECOME PREGNANT WHILE TAKING THE LAB, PLEASE NOTIFY THE 

PROFESSOR AT ONCE! 

 APPROVED SAFETY GOGGLES MUST BE WORN IN THE LAB WHENEVER ANYONE 

IS CONDUCTING AN EXPERIMENT!  SAFETY GLASSES ARE NOT ALLOWED.  IF 

YOU ARE CAUGHT NOT WEARING GOGGLES, YOU WILL BE KICKED OUT OF LAB 

AND WILL RECEIVE A ZERO FOR THAT DAY’S LAB.  Goggles must fit tightly around the 

eyes and be “splash-proof”.  Goggles are provided for you in your lab drawer.  If the goggles 

do not fit properly, or are not comfortable, please notify the TA or the professor immediately so 

that we can get you better goggles.   

 NO FOOD, DRINK, CHEWING GUM, or TOBACCO USAGE is allowed in the lab!  Water 

bottles, etc. should be kept in your backpack. 

 NO EXPOSURE OF SKIN BELOW THE NECK, EXCEPT FOR THE ARMS is allowed in the 

lab! 

 This means that tank-tops and sleeveless shirts are NOT allowed 
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 No shorts or open-toe shoes (sandals & flip-flops).  YOU WILL NOT BE ALLOWED TO 

PARTICIPATE IN LAB IF YOU ARE WEARING OPEN-TOED SHOES.  If you often 

wear flip-flops to class, we recommend that you store an old pair of tennis shoes in your lab 

drawer and change shoes before lab.   

 Long trousers that cover your legs entirely must be worn in lab.  If you often wear shorts to 

class, we recommend that you store an old pair of trousers (e.g. jeans, sweats, or scrub 

pants) in your lab drawer and change into them at the beginning of lab.   

 Wear comfortable shoes!  You will be on your feet the whole time. 

 Don’t wear nice (or expensive) clothing or shoes to lab.  You will get chemicals on them, 

even if you are careful.  Oftentimes, you won’t even realize that you got something on your 

clothing until you wash it and see a hole in it. 

 

SECTION II – University Policies 

 

Academic Integrity (A-9.1)  
Academic integrity is a responsibility of all university faculty and students. Faculty 

members promote academic integrity in multiple ways including instruction on the 

components of academic honesty, as well as abiding by university policy on penalties for 

cheating and plagiarism.  

 

Definition of Academic Dishonesty 

Academic dishonesty includes both cheating and plagiarism. Cheating includes but is not 

limited to (1) using or attempting to use unauthorized materials to aid in achieving a better 

grade on a component of a class; (2) the falsification or invention of any information, 

including citations, on an assigned exercise; and/or (3) helping or attempting to help another 

in an act of cheating or plagiarism. Plagiarism is presenting the words or ideas of another 

person as if they were your own. Examples of plagiarism are (1) submitting an assignment 

as if it were one's own work when, in fact, it is at least partly the work of another; (2) 

submitting a work that has been purchased or otherwise obtained from an Internet source or 

another source; and (3) incorporating the words or ideas of an author into one's paper 

without giving the author due credit. 

 

Please read the complete policy at http://www.sfasu.edu/policies/academic_integrity.asp 

 

Any student found cheating will be subject to the penalties as stated in the Student Code of 

Conduct handbook; including but not limited to a score of zero on exam, expulsion from the 

class or expulsion from the University.   

 

Withheld Grades Semester Grades Policy (A-54)  
Ordinarily, at the discretion of the instructor of record and with the approval of the academic 

chair/director, a grade of WH will be assigned only if the student cannot complete the course 

work because of unavoidable circumstances. Students must complete the work within one 

calendar year from the end of the semester in which they receive a WH, or the grade 

automatically becomes an F. If students register for the same course in future terms the WH 

will automatically become an F and will be counted as a repeated course for the purpose of 

computing the grade point average. 

 

http://www.sfasu.edu/policies/academic_integrity.asp
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The circumstances precipitating the request must have occurred after the last day in which a 

student could withdraw from a course.  Students requesting a WH must be passing the 

course with a minimum projected grade of C.  

 

Students with Disabilities:  
To obtain disability related accommodations, alternate formats and/or auxiliary aids, 

students with disabilities must contact the Office of Disability Services (ODS), Human 

Services Building, and Room 325, 468-3004 / 468-1004 (TDD) as early as possible in the 

semester.  Once verified, ODS will notify the course instructor and outline the 

accommodation and/or auxiliary aids to be provided.  Failure to request services in a timely 

manner may delay your accommodations. For additional information, go to 

http://www.sfasu.edu/disabilityservices/. 

 

  

http://www.sfasu.edu/disabilityservices/
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Extra information for Project 7 

New Information: 

Your unknown will be one of the following:  NaOH, KOH, NH4OH, CH3CO2
-Na+, HCl, HNO3, CH3CO2H, NH4Cl 

When titrating a strong or weak base with a strong acid use methyl orange.  (base in Erlenmeyer flask; acid in buret) 

orange to yellow 

When titrating a weak or strong acid with a strong base, use phenolphthalein.  (acid in Erlenmeyer flask; base in buret) 

colorless to pink 

Information you already know: 
 From the problem statement you know the “unknowns” are acids or bases solutions.  Acids and Bases are 

aqueous solutions.   A solution = solute + solvent.   

 The dilution formula is M1V1=M2V2.  This does not work for titrations!!  The lab manual uses a clever 

formula, which is similar to the dilution formula, but not identical. 

 In chemistry, we like to see chemical reactions everywhere!!  A few that may be appropriate are: 

o Acid + base  salt + water 

 Titrating a base with a base will get you nowhere quickly! 

 In a similar fashion, titrating an acid with an acid will get you nowhere quickly! 

What you will provided with or given: 
 Each group will be given about 800mL of two unknowns (and only 800mL).  Treat your unknown bottle as a 

pour only bottle.  DO NOT stick ANYTHING INTO THE BOTTLE.   

 Well plate. 

 Within each lab, “standardized” 1.000M NaOH and “standardized” 1.000M HCl will be provided. 

 Each group will have access to a single buret.  Sense other groups will have used it, you will need to rinse it 

out with your titrant well. 

 25 and 50mL volumetric pipets 

o Bulbs for the volumetric pipets 

 3 pH meters per lab with the instructions to calibrate and the equipment to calibrate.   

 Universal pH paper—indicates the pH from 1-12.  (You will have only about 6 pieces so use it carefully.  In 

order to use, dip a glass stirring rod into your unknown solution.  Then touch the wet glass stir rod onto the pH paper.  

Use the color scale on the container.  Please note that some of the colors of the different pH’s are so close that it is very 

difficult to tell them apart.  However, you should be able to sort into acid or base fairly quickly. 

 Each lab will have a Bunsen burner set aside to perform a flame test.  The following solutions will be at the 

Bunsen burner:  NaOH, KOH, NH4OH, CH3CO2
-Na+, HCl, HNO3, CH3CO2H, NH4Cl.  The solutions will have a 

long q-tip in them.  You can simply place the wet q-tip in the flame to see the color. You will also have a long q-tip to 

soak your unknown.   

Identification: 
 In the hoods of the laboratory you will find the chemicals to test for  

o The chloride ion  the nitrate ion 

o the acetate ion  the ammonium ion 

Neat Pictures to take:  
 Everyone with their goggles on! 

 Unknown bottle with label 

 Titration set-up (include all glassware) 

 Color initially vs. color finally 

Suggestions for Report after1st meeting: 
Recall that you have a written lab report for this lab.  The specific guidelines for the written report are on d2l.  As you 

do the work, you may write out some of these items.   

1. Type out the procedure for the titration of an acid with a base. 

2. Type out the procedure for the titration of a base with an acid. 

3. Type out the use of the pH meter. 

4. Place your titration data (if completed) in nice readable tables. 

5. Carry out the titration calculations.   

Suggestions for Report after 2nd meeting: 
Sit down and finish the report ASAP! 



10 

 

BALANCING REDOX EQUATIONS 
 

 The following steps may be used to balance oxidation-reduction (redox) equations by the 

ion-electron (half-reaction) method.  While other methods may be successful, none is so 

consistently successful as is this particular method.  The half-reactions used in this process will also 

be necessary when considering other electrochemical phenomena, thus the usefulness of half-

reactions goes beyond balancing redox equations. 

 The basic idea of this method is to split a "complicated" equation into two parts called half-

reactions.  These simpler parts can be balanced separately, and then recombined to produce a 

balanced overall equation.  The splitting is done so that one of the half-reactions only deals with the 

oxidation portion of the redox process, while the other only deals with the reduction portion.  What 

ties the two halves together is the fact that the total electrons lost by the oxidation process MUST 

equal the total gained by the reduction process (step 7). 

 It is very important that you follow each of the steps listed below completely, and in order; 

do not try to take any short-cuts.  There are many modifications of this method.  For example, there 

is a modification that allows you to balance all the reactions as if they were in acidic solution 

followed by a step, when necessary, to convert to a basic solution.  Switching to a modification 

before you completely understand this method very often leads to confusion, and hence an incorrect 

result.  The steps are: 

 

1.  CONVERT TO IONIC FORM 

 

 (This is only necessary if the equation is not already in ionic form.  If this step is done, then 

step 9 must be done also.) 

 

 To do this all strong acids, strong bases, and soluble ionic compounds are separated into 

their individual ions.  Molecular compounds (most materials containing only nonmetals that 

are neither acids, bases, nor polyatomic ions), insoluble ionic materials, gases, and weak 

acids and bases are not separated.  (There are a few exceptions; these will be noted when 

necessary.) 

 

 Example: 

 

 CH3OH + K2Cr2O7 + H2SO4  HCOOH + Cr2(SO4)3 + K2SO4 + H2O 

 

  Becomes: 

 

 CH3OH + 2 K+ +Cr2O7
2–  + 2 H+ + SO4

2–     

      HCOOH + 2 Cr3+ + 3 SO4
2–  + 2 K+ + SO4

2–  + H2O 

 

  Molecular:  CH3OH, H2O 

  Soluble Ionic:  K2Cr2O7, Cr2(SO4)3, K2SO4 

  Strong Acid:  H2SO4 

  Weak Acid:  HCOOH 
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2.  ASSIGN OXIDATION NUMBERS AND BEGIN THE HALF-REACTIONS, ONE FOR 

OXIDATION AND ONE FOR REDUCTION. 

 

 (For many reactions, the substance oxidized, and the substance reduced will be obvious, so 

this step may be simplified.  However, to be safe, at least do a partial check to confirm your 

predictions.  Note: one substance may be both oxidized and reduced; do not let this situation 

surprise you--it is called disproportionation.) 

 

 Review the rules for assigning oxidation numbers if necessary.  These numbers are only 

used in this step.  Do not force them into step 6. 

 

 Start the half-reactions with the entire molecules or ions from the net ionic form of the 

reaction.  Do not go back to the molecular form of the reaction or just pull out atoms from 

their respective molecules or ions.  Thus from the example above, the initial half-reactions 

should be: 

 

    CH3OH  HCOOH 

    Cr2O7
2–  Cr3+ 

 

 The carbon is oxidized (C2– to C2+) and the chromium is reduced (Cr6+ to Cr3+).  Check to 

make sure you get the same oxidation numbers for the carbon and the chromium (hydrogen 

and oxygen are +1 and -2 respectively). 

 

3.  BALANCE ALL ATOMS EXCEPT OXYGEN AND HYDROGEN. 

 

 (In many reactions this will have been done in step 2; because of this many people forget to 

check this step.  This is a very common reason why people get the wrong result.) 

 

 In the above example carbon (C) and chromium (Cr) are the elements to be considered.  The 

carbon is balanced, so no change is required in the first half-reaction.  The chromium needs 

to be balanced, and so the second half-reaction becomes: 

 

    Cr2O7
2–  2 Cr3+ 

 

NOTE: 

 

 To carry out the next two steps correctly, it is necessary to know if the solution is acidic or 

basic.  A basic solution is one in which you are specifically told is basic, or one that contains a base 

of OH- anywhere within the reaction.  Assume that all other solutions are acidic (even if no acid is 

present). 
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4.  BALANCE OXYGEN ATOMS 

 a.  IN ACIDIC SOLUTIONS ADD 1 H2O/O TO THE SIDE NEEDING OXYGEN 

 b.  IN BASIC SOLUTIONS ADD 2 OH- FOR EVERY OXYGEN NEEDED ON THE 

OXYGEN DEFICIENT SIDE PLUS 1 H2O/O ON THE OPPOSITE SIDE. 

 

 Do not forget that two things (OH– and H2O) must be added in a basic solution.  Also these 

must be added to opposite sides. 

 Examples: 

 

  acid:  Cr2O7
2–  2 Cr3+ 

   becomes: 

    Cr2O7
2–  2 Cr3+ + 7 H2O 

 

  base:  Cr2O7
2–  2 CrO2

– 

   becomes: 

    3 H2O + Cr2O7
2–  2 CrO2

–   + 6 OH– 

 

5.  BALANCE HYDROGEN ATOMS 

 a.  IN ACIDIC SOLUTIONS ADD H+(aq) 

 b.  IN BASIC SOLUTIONS ADD 1 H2O/H NEEDED PLUS 1 OH-/H ON THE 

OPPOSITE SIDE. 

 Again, do not forget that two things must be added in basic solutions (OH– and H2O).  In 

this case they are still added to opposite sides, but with a different ratio. 

 

 Examples: 

 

  acid:   Cr2O7
2–  2 Cr3+ + 7 H2O 

   becomes: 

    14 H+(aq) + Cr2O7
2–  2 Cr3+ + 7 H2O 

 

  base:  6 OH– + C2H5OH  2 CO2 + 3 H2O 

   becomes: 

    6 OH– + 6 OH– + C2H5OH  2 CO2 + 3 H2O + 6 H2O 

 

 If the basic step is done correctly, the oxygens should remain balanced.  This may be used as 

a check at this point. 

 

6.  BALANCE CHARGES BY ADDING ELECTRONS. 

 The electrons must appear on opposite sides of the two half-reactions.  They will appear on 

the left for the reduction, and on the right for the oxidation.  Once added make sure you 

check and make sure that the total charge on each side is the same.  Not being careful on this 

step is a major cause of incorrect answers.  Do not forget to use both the coefficients and the 

overall charges on the ions (not the oxidation numbers from step 2). 
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 Examples: 

 

   6 e–  + 14 H+(aq) + Cr2O7
2–  2 Cr3+ + 7 H2O 

  base: 

   6 OH– + 6 OH– + C2H5OH  2 CO2 + 3 H2O + 6 H2O + 12 e– 

 

7.  ADJUST THE HALF-REACTIONS SO THAT THEY BOTH HAVE THE SAME 

 NUMBER OF ELECTRONS. 
 

 (Find the lowest common multiple, and multiply each of the half-reactions by the 

appropriate factor to achieve this value.  This is the key step as the number of electrons lost 

MUST equal the number gained.) 

 

 Example: 

 

  Lowest common multiple = 12 

 

   3 x ( H2O + CH3OH  HCOOH + 4 H+(aq) + 4 e–) 

   2 x ( 6 e–  + 14 H+(aq) + Cr2O7
2–  2 Cr3+ + 7 H2O) 

  Giving: 

 

   3 H2O + 3 CH3OH  3 HCOOH + 12 H+(aq) + 12 e– 

   12 e–  + 28 H+(aq) + 2 Cr2O7
2–  4 Cr3+ + 14 H2O 

 

8.  ADD THE HALF-REACTIONS AND CANCEL. (The electrons must cancel) 

 

 Example (from step 7): 

 

   12 e–  + 3 H2O + 3 CH3OH + 28 H+(aq) + 2 Cr2O7
2–     

 

      4 Cr3+ + 14 H2O + 3 HCOOH + 12 H+(aq) + 12 e– 

  Becomes: 

 

  3 CH3OH + 16 H+(aq) + 2 Cr2O7
2–  4 Cr3+ + 11 H2O + 3 HCOOH 
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9.  CONVERT THE EQUATION BACK TO MOLECULAR FORM. 

 

 (This step is only necessary if the equation was originally in molecular form, and converted 

to ionic form in step 1.  Otherwise skip to step 10.) 

 

 Example (using steps 1 and 8): 

 

  3 CH3OH + 16 H+(aq) + 2 Cr2O7
2–  4 Cr3+ + 11 H2O + 3 HCOOH 

 Needs:        + 8 SO4
2–    + 4 K+          + 8 SO4

2–   + 4 K+  

 

  Giving: 

   3 CH3OH + 8 H2SO4 + 2 K2Cr2O7     

     2 Cr2(SO4)3 + 11 H2O + 3 HCOOH + 2 K2SO4 

 

10.  CHECK TO SEE IF ALL ATOMS BALANCE AND THAT THE TOTAL CHARGE ON 

EACH SIDE IS THE SAME. 

 

 This step will let you know if you have done everything correctly. 

 

 If all the atoms and charges do not balance you have made a mistake.  Look over your work.  

If you have made an obvious mistake, then you should correct it.  If the mistake is not 

obvious, it may take less time to start over from the beginning.  The most common mistakes 

are made in steps 3 and 6, or step 4 in a basic solution. 

 

 Make sure you learn to apply each of the above steps.  Look over the individual examples 

and make sure you understand them separately.  Then make sure you learn the order of these 

steps.  Finally, balance redox reactions, this will take a lot of practice.  Make sure that you 

reach the point of being able to consistently balance equations without looking at the rules. 
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Determine oxidation states as indicated: 

 

Compound Element  Oxidation state 

 

1.  K2CrO4 Cr  ____________ 

 

2.  KMnO4 Mn  ____________ 

 

3.  KIO3 I  ____________ 

 

4.  NaAsO3 As  ____________ 

 

5.  FeCl3 Fe  ____________ 

 

 

 

 

 

 

Balance the following half-reactions by ion-electron method: 

 

1. MnO4
–  Mn2+ (acid) 

 

 

2. IO3
–  I2 (acid) 

 

 

3. BrO3
–  Br2 (basic) 

 

 

4. Cl2  ClO3
– (basic) 
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Balance the following reactions:  (Assume all reactions are in the presence of water.) 

 
  1.  S2–  + Cr2O7

2–  + H+  S + Cr3+ + H2O 

 

  2.  Cl2 + H2O + SO2  SO4
2–  + Cl–  + H+ 

 

  3.  Mn2+ + PbO2 + H+  MnO4
–  + Pb2+ + H2O 

 

  4.  SnO2
2–  + Bi3+ + OH–  SnO3

2–  + Bi + H2O 

 

  5.  ClO2
–  + MnO4

–  MnO2 + ClO4
–  (basic) 

 

  6.  Cr2O7
2–  + HAsO2 + H+  H3AsO4 + Cr3+ + H2O 

 

  7.  S2O3
2–  + I2 + OH–  SO4

2–  + I–  + H2O 

 

  8.  BrO4
–  + Zn + OH–  + H2O  Br–  + [Zn(OH)4]2– 

 

  9.  S2–  + NO3
–  S + NO2 (acidic) 

 

10.  NO2 + OH–  NO2
–  + NO3

–  + H2O 

 

11.  Cu + HNO3  Cu(NO3)2 + NO + H2O 

 

12.  K2CrO4 + H2S + H2SO4  K2SO4 + Cr2(SO4)3 + S + H2O 

 

13.  FeCl2 + K2Cr2O7 + HCl  FeCl3 + KCl + CrCl3 + H2O 

 

14.  P4 + KOH + H2O  K2HPO3 + PH3 

  

15. KBrO3 + KBr + H2SO4  K2SO4 + Br2 + H2O 

 

16.  NaNO3 + Zn + H2O  NaOH + Zn(OH)2 + NH3 

 

17.  K2Cr2O7 + KI + HCl  CrCl3 + I2 + KCl + H2O 

 

18.  NaCrO2 + Na2O2 + H2O  NaOH + Na2CrO4 

 

19.  H2SO3 + I2 + H2O  H2SO4 + HI 

 

20.  Li2SeO3 + PbO2 + H2O  Li2SeO4 + Pb(OH)2 

 

21.  Br2 + KOH  KBrO3 + KBr + H2O 

 

22.  CH3CH2OH + KMnO4 + HCl  CH3COOH + MnCl2 + KCl + H2O 

 

23.  Cr2(SO4)3 + (NH4)2S2O8 + H2O  H2CrO4 + (NH4)2SO4 + H2SO4 

 

24.  CH3OH + KMnO4  HCOOK + MnO2 + KOH + H2O  

 


