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Before you come to Lab: 

1. Read [and reread] the procedures you will carry out. Think carefully about what you are about to 

do and verify for yourself that you have a solid theoretical understanding of what the lab is all 

about. Write your thoughts and the background information you’ve digested into your 

notebook, clearly giving them titles (e.g. “Preparation and Background Information for Lab#6: 

Chemical Constituents of Newt Eyes”) and make sure you also enter them into your notebook 

table of contents. 

2. Come to lab with a plan regarding how you think the experiment should be executed. Don’t 

worry about whether the exact plan will be carried out or not. In the lab, as you gain more 

information, you will revise your plan, sometimes doing this as you go. That’s why these are 

called “experiments”! Experiments rarely go exactly as planned, but this does not mean 

planning is non-essential. As Pasteur put it “In the field of observation, chance favors the 

prepared mind”. 

3. Download and read the MSDS sheets for all chemicals you will be working with for the first time. 

Tape these into your notebook and make sure you enter page numbers into your notebook 

table of contents. 

4. Make absolutely sure you are acquainted with particular safety concerns regarding the 

procedures you will carry out. Being aware and fully conscious of what you will do is the first and 

probably the most important step towards having a safe and fun laboratory experience. 

The Laboratory Notebook 
Laboratory notebooks are used by scientists to keep track of what has been done and help plan the next 

step. Notebooks are communication devices that allow the human enterprise of science, where 

interpersonal communication is key, to move forward. Both you and other scientists are the audiences 

who make use of your notebooks. The ability to reproduce and build upon an experiment depends upon 

the care with which it is documented in a notebook. The notebook is at the very center of what science 

is all about: reproducible observation. Every good laboratory notebook has the following features. You 

are responsible for making sure these are features of your notebook too: 

 All notebooks should be hardbound. No loose leaf or spiral bound notebooks, for the simple 

reason that these fall apart. 

 A table of contents at the front of the notebook that is maintained and complete. Liberally use 

descriptive phrases. Leave yourself (and others) plenty of “bread crumbs” so you can all follow 

the path traveled.  



 Every page numbered in succession, signed, and dated by the author. Everything in the 

notebook should be entered in blue or black ballpoint pen ink. Never use pencil, and never used 

wild ink colors that cannot be easily copied with a machine. 

 Do not use whiteout ever. Cross out incorrect entries (or entire pages)  so that you can still read 

them in case that information becomes important down the road. Make notations next to 

crossed out values regarding the reason for the mistake (if you have information about this). For 

example, if your balance was not calibrated properly and this caused you to enter a bunch of 

incorrect values, make note of the reason. 

 Throughout your notes, regularly make reference to what (big picture) and why you are doing 

what you are doing. This is the single greatest weakness of most scientific notebooks. When you 

are actually carrying out the experiment, this information is often so obvious that it’s easy to 

overlook its importance. If you constantly keep in mind that someone will need your notes to 

reproduce your work, this tends to be a little easier. Your lab notebook is not a personal journal 

to be used only by you.  Always ask yourself: How could I make this easier for the next person to 

extend my work? Use descriptive headings whenever possible, for example “Trial number 87, 

purification of DNA from Discosoma sp. for use in PCR of the Red Fluorescent Protein gene using 

the commercially available kit WS1-2 from BioRad”. When evaluating literary quality of your 

sentences as opposed to clear communication of information, lean towards the latter and make 

it your priority. See as examples of this approach many titles of scientific papers: they ain’t 

pretty, but they sure do work. 

 Use tables for data entry when appropriate, and make liberal use of your ability to draw and 

create figures that have explanatory value. 

 Never recopy notes from sheets paper into your notebook. All notes must be taken directly into 

the lab notebook in “real time” as you are doing the experiment. Don’t worry about the 

notebook looking a little sloppy, as long as it is legible and can be easily followed. Think of your 

notebook as a paper workshop: it can get a little messy as long as it remains entirely functional 

and efficient. 

 Tape data sheets (spectra, instrument printouts, etc.) securely into your notebook and 

remember to add a breadcrumb to the table of contents. 

 When an experiment does not go as planned (it happens a lot!), or it really gets off track, do not 

distort your notes in an effort to minimize this. This is seriously bad science, but the fact that 

things didn’t go exactly as expected is not.  It wouldn’t be an experiment if the outcome were 

entirely predictable. Be honest with yourself and others in your notebook. 

 Keeping the above points in mind, make your notebook in the style that feels most natural and 

functional to you. All observations and all notes must appear in your own notebook. You cannot 

use data from your lab partners’ notebooks. You must have your own, and this is part of your 

grade. If you have additional questions regarding good scientific note taking, ask your instructor 

and do some research. There are many great resources on the web for example. 

Your lab notebook should have the following sections for every experiment. For an expanded 

explanation of these headings, see the laboratory report section below. 



Title: Should be as descriptive, specific, and informative as possible.  

Purpose: Similar to title, should be as descriptive, specific, and informative as possible. Make 

the purpose reflect and incorporate your background knowledge and the body of scientific 

knowledge as it relates directly to your experiments. Be concrete with this. 

Procedures (or Materials and Methods): Clearly describe what you did, how you did it, and the 

equipment and materials you used to accomplish your experiments. This can be difficult to do 

without creating some dead ends in your notebook. It’s OK, perfectly OK, to have these.  In fact 

this is part of the process: Things don’t work, scientists report methods are not working, they 

change methods, they indicate the change in their notebooks, then they describe the new 

approach, etc. 

Data, Observations, and Calculations: Tables are preferred when it comes to communicating 

large sets of numbers, but remember all your tables require descriptions and explanatory notes 

in your notebook. For calculations, include the formulae you used along with numerical results. 

Remember to always include units and uncertainties in measurements. For qualitative 

observations, be as specific as possible. Always use chemical equations to describe chemistry 

that is relevant to your experiments. Use equations liberally. 

Conclusions and Discussion: This is where you try to make sense of your findings, but if you’ve 

just finished your experiments realize that you probably need to think about things more 

carefully to appreciate the broad implications of your work.  

 

The Laboratory Report 
Laboratory reports have much in common with laboratory notebooks, most notably the goal of clearly 

communicating what was done, why it was done, and what it might mean. Notebooks and reports both 

reflect the most fundamental aspects of scientific enterprise, but they are different primarily because 

notebooks are written before and during observation, and reports are written after observation and 

after all the experimental dust has settled into the cracks of your mind and intellect. There are at least 

three factors that distinguish lab reports from lab notebooks: 

1. The audience for the lab report is broader than the audience for the notebook. In addition to 

scientists who might reproduce your work, the report is written for scientists in related fields for 

whom your observations might have direct implications. For example, if you’ve documented an 

advance in biochemistry, organismal biologists and perhaps even medical doctors might be 

interested in reading about it. But they are unlikely to go off to the lab and repeat or extend the 

experiments. Your report is for both them and colleagues within your discipline who might be 

interested in reproducing and extending your work. 

2. For the report, the experiment has been completed, whereas when the notebook is written the 

work is in progress. In the report you have time to reorganize and present results in a much 

more coherent fashion than they are typically present in a notebook. In a report, you can leave 

out observations that in retrospect have nothing to do with the observations presented in the 

report and the report’s scientific bottom line. Or perhaps your experiments serve an entirely 

different purpose than you originally intended. If you did not anticipate this serendipitous 



purpose at the outset, it is possible it does not appear in your notebook yet it becomes a major 

factor in a report written after the experiments are completed. 

3. You- the scientist doing the work- have had more time to research and evaluate the implications 

of your results and observations by the time you write your report. Your observations were 

made while you are writing your notebook, so there was no time to think carefully about how 

they fit into the preexisting body of knowledge, what they mean, and what the next logical set 

of experiments might be. Reports reflect a depth of thinking and retrospective thought that 

notebooks do not. This aspect of reports is often brought to life in conclusions, discussions, and 

analyses sections of reports. 

Make absolutely sure that you keep the above mentioned points in mind when you write your report. 

Include all of the following sections in your report, and please adhere to this structure for all your 

reports. You will notice that these are the same sections that appear in your notebook entries for each 

experiment, but they are treated quite differently in the report: 

Title: Should be as descriptive, specific, and informative as possible.  

Purpose: Similar to title, should be as descriptive, specific, and informative as possible. Make 

the purpose reflect and incorporate your background knowledge and the body of scientific 

knowledge as it relates directly to your experiments. Remember, scientific advances are 

incremental (baby steps) in nature and your experiments are a small step forward. Think about 

quality and focus instead of grandiosity and overstatement when writing about your purpose. 

The humblest of advances can affect great purpose. 

Procedures (or Materials and Methods): Clearly describe what you did, how you did it, and the 

equipment and materials you used to accomplish your experiments. This is a much more difficult 

task than you will first realize. Use passive voice, for example “the chickens were herded into 

the barn” and not “I herded the chickens into the barn”. According to the conventions of 

scientific communication, the latter structure puts less emphasis on objectivity and more on 

who did the herding. Remember the concept of reproducibility we put so much emphasis on in 

science. It shouldn’t matter who does the herding if it is entirely reproducible. In fact we 

scientists are not particularly interested in your uniquely possessed ability to herd chickens if we 

can’t do it too. Take yourself and your lab partners out of the equation when describing what 

was actually done. If Jane spilled the toxic compound X all over the place, simply state that it 

was spilled and don’t throw her under the bus. Anyone could have done it and that is the point. 

Having said all that, it is sometimes OK to use first person in scientific communications, but for 

now get in the habit of avoiding it. 

Data, Observations, and Calculations: Tables are preferred when it comes to communicating 

large sets of numbers, but remember all your tables require descriptions and explanatory notes 

in you report text. For calculations, include the formulae you used along with numerical results. 

Remember to always include units and uncertainties in measurements. For qualitative 

observations, be as specific as possible by using language well. Take some time to find the 

optimal words, and work on exactly how you express things. Run it by someone unfamiliar with 

what you are doing and see if they understand what you are describing. Always use chemical 



equations to describe chemistry that is relevant to your experiments. Use equations liberally, 

but do not be redundant. 

Conclusions and Discussion: This is where you try to make sense of your findings. Restate your 

purpose and the major observations you’ve made. Put your findings into context by relating 

them to preexisting knowledge. Explain data that does not seem to fit with your hypotheses (do 

not ignore it). Try to write about aspects of your work that will help your readers (again, keep in 

mind your audience) put your work into perspective. Always, always, always, remember to 

clearly come clean about what you know, based on your observations, data, and calculations, 

and what you think. There is of course a huge difference. There is no crime in hypothesizing, in 

other words writing about what you think and ideas you have. Indeed, when done well it is part 

of the process of science. But it is a sad thing to sully a great scientific report with one final 

thought that is presented as fact or as having observational support when in reality it is wishful 

musing. Edit the end of your report ruthlessly. It often contains demons. 

Assigned Questions: If your laboratory manual or your instructor provides you with questions 

regarding what you have done, answer these under this section. Consider this an appendix of 

sorts. Not all lab reports will have this section. 

 

Absolutely all the work in your notebook and lab reports must be your own and not that of your 

lab partners. Laboratory partners are expected to discuss ideas and share ideas and data. You 

must however, do your own thinking and express the science in your own words. Your reports 

should not look like your partners’, even superficially. Do not be tempted to plagiarize your lab 

reports, and be aware that if you copy another person’s words, even with their consent, you are 

plagiarizing. 

 

Lab notebook and Lab Report Grading Rubric 

Performance 
Element 

Excellent Good Poor 

Title, 

purpose, 

background 

5-4pts: Title is clear and informative. The 

introduction begins with a statement of the 
purpose of the lab undertaken and then 
presents a thorough, yet concise, introduction 
to the chemical theory behind the lab. 

 

3-2pts: Report may be 

missing a title and/or a 
statement of purpose. 
Chemical 
theory background is 
minimal, contains 
substantive errors, or 
lacks application of the 
theory. 

 

1-0pts: These 

elements are missing or 
do not 
connect the principles 
of the laboratory with 
chemical theory. 
Very small amounts of 
material are 
presented and show 
very little original 
thought. 

Procedures, 

Materials, 

methods 

5-4pts: Procedural details are described in 

sufficient detail such that they could be easily 
reproduced. 

 

3-2pts: The 

experimental 
procedure contains 
several errors and/or 
resembles almost 
exactly the procedure 
provided by the lab 
handouts 

1-0pts: Two or more 

required components 
are missing. The 
procedure is unclear. 
The procedure lacks 
or presents incorrect 
details. 



with no thought behind 
the actual procedure 
followed. One to two 
components may be 
missing. 

 

Data acquisition,  

observations 

5-4pts: All data and calculations are shown 

accurately. Minor errors may exist, presented in 
table format. Calculations are shown and are 
correct as well as important equations. 

3-2pts: Some data 

spectra, tables, 
calculations or 
equations are missing 
or grossly incorrect. If 
all data is present, there 
is no indication of what it 
is. 

1-0pts: Data section 

is incomplete. There 
are little to no spectra, 
tables or calculations. 

 

Analysis, 

conclusions  

5-4pts: The conclusion accurately restates 

the purpose of the lab and concisely indicates 
whether the purpose and goals were achieved. 
The data collected is explained and used to 
verify and prove the concluded outcome. 
Insightful explanations are offered for 
unexpected results/procedures. 

3-2pts: The purpose 

and conclusions of the 
lab may or may not be 
correct, but the author 
of the report uses 
substantially correct 
reasoning, analyzing the 
data to arrive at a 
plausible conclusion. 

1-0pts: Little to no 

connections between 
the data acquired and 
the conclusions of the 
lab are presented. 
Data explained 
contains little thought 
and depth. 

Total 15-12pts 9-6pts 3-0pts 

Note: This rubric applies to both Lab notebooks and reports. The same performance elements apply to both 
because they are fundamental features of both.  

 

Sample Lab Report 
This is by no means a perfect lab report, but it should give you a feel for what you are trying to 

accomplish by writing a lab report. Always ask your instructor if you are unclear on expectations and 

objectives. 

David M. Long  

August 27, 2011 

Organic Chemistry (CHMY 221) Laboratory #1: A Comparison of Two 

Methods for Determining the Density of Water and Hexane: 

An Exercise in Measuring Physical Properties of two Common Laboratory 

Chemicals 
Purpose: The densities of liquids in chemical laboratories can have profound effects on experimental 

outcomes. For example, in liquid-liquid extractions, immiscible solvents are used to separate chemical 

reagents and products. If a desired chemical partitions into the aqueous layer in an extraction where 

organic and aqueous solutions are mixed, it is imperative to know that the aqueous layer is typically 

below the organic layer because the organic solvent has a lower density than water. This lab exercise is 

designed to give first-hand experience making measurements of solvent densities. This lab exercise has 

three primary purposes: 

 To establish that hexane, an organic solvent, is less dense than water 

 To compare measured densities of hexane and water with literature values 



 To evaluate the relative precision of two methods for measuring density of solvents and to 

become acquainted with using analytical and top-loading balances in the FVCC chemistry labs. 

Procedure: The density (D) of a solvent is the ratio of mass (M) to volume (V) as shown in equation 1: 

Equation 1  D=M/V 

 

Thus a quantitative measurement of density requires 1) a quantitative measurement of mass and 2) a 

quantitative measurement of volume of a given sample of solvent. Once these two quantities are 

known, density can be calculated using Equation 1. In part A of the experiment, a Pipetman was used to 

measure 0.500 ml of hexane or water [separately] and the mass of each solvent dispensed by the 

Pipetman was measured using an analytical balance. To measure solvent mass a 3ml glass conical vial 

from the microchemistry kits [brand] was preweighed on the analytical balance [brand and model] then 

solvent was dispensed into the vial and total mass of the vial plus 0.500 ml solvent was determined 

using identical methods used to determine the mas of the vial alone. The mass of the vial subtracted 

from the total mass of the vial plus solvent was used as a measure of the mass of solvent dispensed by 

the Pipetman. This same procedure was used to measure the mass of 0.500 ml of water and 0.500 ml of 

hexane dispensed by the Pipetman, and in Part B of the experiment it was also used to measure the 

mass of 0.500 ml of these solvents dispense with a plastic disposable bulb pipet.  

Data and Observations: Mass and volume measurements determined with the above procedures are 

contained in Table 1. In addition to these quantitative measurements, it was observed that the 

hydrophobicity of hexane made it difficult to consistently measure volumes of this solvent using the 

plastic Pipetman tips and the plastic disposable pipets. 

Table 1 

Vial Mass [g] Vial + Liquid Mass [g] Liquid Mass [g] Density [g/mL] Literature Value [g/mL][%] Error

H2O 19.8014 20.2976 0.4962 0.9924 0.997 0.46

Hexane 19.8014 20.1253 0.3239 0.6478 0.660 1.88

H2O 19.8011 20.2282 0.4271 0.8542 0.997 16.72

Hexane 19.8014 20.0356 0.2342 0.4684 0.660 40.91

Part A (Pipetman)

Part B (Disposable Plastic Pipet)

 

 Conclusions and Discussion: The purpose of this experiment was to verify that hexane, an 

organic solvent, is less dense than water and to compare measured densities of hexane and 

water with the literature values for these constants. In addition, these experiments were carried 

out to evaluate the relative precision of two methods for measuring density of solvents, one 

using a relatively sophisticated instrument to measure liquid volumes –the Pipetman- and the 



other using a relatively unsophisticated disposable pipet. The data support the contention that 

the Pipetman is more effective instument than the disposable pipet (See Table 1). For example, 

the difference between the measured value and the literature value for the density of water 

was only 0.46% for the Pipetman, whereas the difference was more than 36-fold larger, 16.72% 

for the pipet.  Similarly, for hexane the differences between literature and measured values 

were 1.88% and 40.91% for the Pipetman and disposable pipet respectively. Taken together 

these data strongly support the contention that the disposable pipet is either less precise or 

possibly less accurate then the Pipetman. The distinction between these two possibilities could 

be addressed by repeating these measurements a number of times and evaluating 

reproducibility of the measurements. A highly reproducible difference between measured and 

literature values would suggest that the equipment in the lab is in need of calibration. On the 

other hand, if repeated measurements reveal low intrinsic precision of the methods, future 

experiments that employ these instruments and methods should be designed in ways that take 

these limitations into account. 

 


