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Appendix I. A Short Report 
 


Short laboratory reports should contain the following elements: 


 


1. A one to two page synopsis of the experiment and data analysis 
2. A complete analysis of the data (including a comparison of results to values found 


in the chemical literature) 


3. A complete error analysis to estimate the uncertainty in the final reported values 
based on the propagation of random errors.  Error analysis must contain 


a. A comparison of the result to literature with a statement of whether or not 
the results agree with literature results within the uncertainty estimated by 


the propagation of errors 


b. A statement of the specific measurement that contributes most heavily to 
the uncertainty in the final result.  The statement should be supported by 


the error analysis. 


 


The following pages show an example of a short laboratory report.  The specific 


experiment shown is the determination of the density of a sample of cadmium metal 


using a pycnometer and a water medium.  Most experiments in the physical chemistry 


laboratory are more involved than this simple exercise, but this determination gives a 


simple example of the format that is expected for these short laboratory reports.
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A Determination of the Density of Cadmium Metal 
 


 The density of cadmium metal was determined using a pycnometer.  A 


pycnometer is a device that has a reproducible internal volume, and is easily weighed on 


a laboratory balance.  The pycnometer and the sample used in this exercise are shown in 


the picture to the right. 


 


By weighing the 


pycnometer empty (mp) and 


containing the metal (mps), the 


mass of the metal sample 


(msample) can be determined.   


 


msample = mps – mp 
 


The density of the sample is 


determined by taking the ratio 


of the mass of sample (msample) 


and the volume of the sample 


(Vsample).  The determination of 


Vsample is described below.   


 


ρsample = msample/Vsample 
 


The internal volume (Vtot) of the pycnometer is determined by the weight of the 


device when filled with water.  The mass of the empty pycnometer is subtracted to 


determine the mass of water filling the device.  Using the density of water (ρwater = 
0.998053 g/mL at 20.7 


o
C)


1
, the volume of water inside the device is determined. 


 


mw = mpw – mp 


Vtot = mwater/ρwater 
 


After displacing some of the water with the metal sample, the pycnometer is 


weighed again.  Taking the difference of the mass of the pycnometer, water and sample 


(mpws) and that of the pycnometer plus sample (mps), the mass of water surrounding the 


sample (msur) is determined.   


 


msur = mpsw - mps 


 


From this, the volume of the water surrounding the sample is determined by using the 


density of water.   


 


                                                 
1
 40


th
 Handbook of Chemistry and Physics, C.D. Hodgman (ed.), Chemical and Rubber Company, 


Cleveland, OH (1958), page 2113. 
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Vsur = msur/ρwater 
 


The difference of the total volume of the pycnometer (Vtot) and that surrounding the 


sample is the volume of the sample (Vsample). 


 


Vsample = Vtot - Vsur 


 


The data has been collected and analyzed using a spreadsheet (shown below).   


 


pycnometer 15.3500


pycnometer + sample 15.8998


pycnometer + water 25.3602


Pycnometer + sample + water 25.8351


Mass of sample: 0.5498 g =E4 - E3


Mass of water filling pycnometer: 10.0102 g =E5 - E3


Density of water 0.998056 g/mL (40th CRC Handbook, p 2113)


Volume of water: 10.0297 mL =D9/D10


mass of water surrounding sample: 9.9353 g =E6 - E4


Volume of water surr. Sample: 9.954652 mL =D12/D10


Volume of Sample: 0.075046 cc =D11 - D13 (1 mL = 1 cc)


Density of sample: 7.326184 g/cc =D8/D14


Lit Value: 8.642 g/cc (40th CRC Handbook, p 547)


Masses (in grams)


Formula or commentCalculations


 
 


 The density of the sample is calculated to be 7.3262 ± 0.0196 g/cc.  The 


calculated density is lower than the literature value
2
 and is outside the range determined 


from random uncertainties.  This is due to a systematic error caused by some bubbles 


trapped on the surface of the mossy sample of cadmium while measuring the volume.  


See the following page for an analysis of the uncertainty of the measurement due to 


random error. 


                                                 
2
 40


th
 Handbook of Chemistry and Physics, C.D. Hodgman (ed.), Chemical and Rubber Company, 


Cleveland, OH (1958), page 547. 
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Analysis of Random Errors 


 


 There are two main quantities that must be determined in order to determine the 


density of the sample.  Specifically, the mass of the sample and the volume of the sample 


must be determined.  


 


The mass of the simple is calculated from the following difference 


 


spssample
mmm −=  


 


The uncertainty in the mass can be calculated as follows: 
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Assuming an uncertainty in the determination of a mass using the analytical balance of 


±0.0001 g, the following is calculated. 
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Or 
samplem


σ  = ± 0.0001414 g. 


 


 The volume of the sample (Vsample) is given by the difference between the total 


internal volume of the pycnometer (Vtot) and the volume of water surrounding the sample 


(Vsur).  These quantities are calculated from the expressions below: 
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So Vsample is given by the expression 
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The uncertainty in Vsample can be calculated from the following expression 
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Assuming an uncertainty in the measured masses as before (±0.0001 g) and an 


uncertainty in the density of water to be ±0.000001 g, it can be seen that the first term 


will be negligibly small (on the order of 10
-12


 g
2
/cc


2
 while other terms are on the order of 


10
-8


 g
2
/cc


2
).  As such, the uncertainty in the volume is given by 


 


( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )[ ]


( )[ ]2
2


22222222


2


2


2


2


2


2


2


2


2


2


0001.04


998053.0


1


0001.010001.010001.010001.01
1


2


g


cc
g


gggg


m


V


m


V


m


V


m


V


OH


m


ps


sample


m


psw


sample


m


p


sample


m


pw


sample


V pspswppwSample
























=


+−+−+


















=






















∂


∂
+






















∂


∂
+






















∂


∂
+






















∂


∂
=


ρ


σσσσσ


 


 


Or 
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The final value (ρsample) is given by 
 


sample


sample
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V


m
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and so the uncertainty in ρsample is given by 
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Looking at these results, it is clear that the contribution to the uncertainty due to the 


determination of the volume of the sample is larger than that of the mass.  A more precise 


determination of the volume of the sample will decrease the overall uncertainty. 
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