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Introduction
The purpose of this experiment was to test and understand the limitations of commonly used measurement techniques, in order to establish a basis for obtaining exact and precise quantitative data. Dilutions, pipettors and spectrophotometer are measurement techniques that are used respectively to measure volume and optical density of liquid samples. The culmination of these techniques was used to determine the concentration of an unknown sample of Coomassie Blue.
Micropipettors were used to accurately dispense small volumes of liquids (µl) used for the dilutions. Four sizes of micropipettes that dispensed varying volume ranges were used. The P1000 dispenses volumes of 200-1000 µl, P200 dispenses volumes of 20-200 µl and the P20 dispenses volumes of 2-20 µl. Respecting the limitations of the micropipettes keeps them calibrated and reduces error occurrence (Davidson Biology Department 2000). A test run using water as the liquid sample, since its density is constant at room temperature (Concordia Biology Department 2019), was performed to solidify the accuracy of the micropipette and the handlers pipetting skills. Two fixed, 56.5 mg and 812 mg, weights using the P200 and P1000 were measured, the percent error was calculated. If it was less than 2% the pipette is well calibrated and will give accurate results (Concordia Biology Department 2019).
Dilutions are prepared when stock solutions are too concentrated to be used in the experiment at hand. In this experiment, the concentrated stock solution of Coomassie Blue would have yielded too large of results to be deemed reliable by the spectrophotometer. The optical density values of the Coomassie Blue dilutions had to fall within the range of 3-0.1, any value above or below is unreliable (Concordia Biology Department 2019). Therefore dilutions, using the formula , where  was the volume of analyte, were prepared to obtain reliable values that fell within the spectrophotometers range. A known concentration of Coomassie Blue stock solution is used to prepare a standard curve in order to show the relationship between the diluted concentrations and  (Concordia Biology Department 2019). The unknown sample containing Coomassie Blue was diluted 4-fold (1/3) and measured for its optical density in the spectrophotometer at 540 nm. Using the equation from the standard curve the concentration of the unknown can be determined.
Spectrophotometers is a machine that transmits light, at a selected wavelength, through a liquid sample inside a cuvette. It measures the amount of light absorbed by the analyte within the cuvette. The spectrophotometer used measures optical density; however, it can be viewed the same as absorbance (Concordia Biology Department 2019). The absorbance of the solution and the concentration of analyte within the cuvette are directly proportional when the OD values fall within the range of 3-0.1 (Concordia Biology Department). Beer’s law explains the proportionality between absorbance and concentration, as one increases so does the other. As previously mentioned, a standard curve can be made by placing all dilutions and the 4-fold unknown sample dilution within cuvettes and measuring OD at 540 nm. The equation from our standard curve will help determine the concentration of Coomassie Blue within the unknown.
Materials & Methods
Refer to the BIOL368 lab manual (Concordia Biology Department 2019) for the procedures. Procedures were followed exact with no modifications.



Figures and Tables
Part A. Pipetting
Table 1 Expected and Observed Values of the Weight of Water to Determine Calibration of Micropipette of Group 5
	Trial #
	Pipettor
	Handler
	Volume (µl)
	Expected Weight (mg)*
	Observed Weight (mg)
	Percent Error (%)

	1
	P200 
	Amanda
	56.5
	56.5
	53.8
	4.8

	2
	P200 
	Amanda
	56.5
	56.5
	54.9
	2.8

	1
	P1000
	Amanda
	812.0
	56.5
	809.6
	0.30

	1
	P200 
	Afifah
	56.5
	56.5
	55.3
	2.12

	1
	P1000 
	Afifah
	812.0
	812.0
	803.6
	1.00

	2
	P1000 
	Afifah
	812.0
	812.0
	809.0
	0.37


*Density of water is 1kg/L, refer to sample calculations below
Table 2 Average Values of Observed Weight (mg) and Percent Error (%)
	Pipettor (Trial 1 & 2)
	Average of Observed Weight (mg)
	Average of Percent Error (%)

	P200 
	54.67
	3.240

	P1000
	807.4
	0.5570


Sample Calculations:
Expected Weight of Water  




Percent Error (%)


Average Calculation for Weight of Water (mg) and Percent Error (%)
P200 Trial 1&2 Amanda & Afifah – 
Average Percent Error – 
P1000 Trial 1&2 Amanda & Afifah - 
Average Percent Error – 





Part B. Spectrophotometer
Table 3  and Concentration of Coomassie Blue Dilutions for Group 5
	Final Concentration of Coomassie Blue Dilutions (µg/ml)
	Volume of 50% Ethanol (µl)
	Volume of Stock Solution (µl)
	Total Volume (µl)
	

	Blank (50% ethanol)
	N/A
	N/A
	N/A
	0.000

	20
	900
	100
	1000
	0.451

	40
	800
	200
	1000
	0.897

	60
	700
	300
	1000
	1.354

	80
	600
	400
	1000
	1.801

	100
	500
	500
	1000
	2.225

	Unknown
	800
	200
	1000
	0.827



Sample Calculation
20 µg/ml → Final Concentration 




Table 4 Raw Data of Coomassie Blue Dilution  For Section 03 
	
	

	µg/ml
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	20
	0.468
	0.449
	0.432
	0.460
	0.451
	0.459
	0.453
	0.458
	0.460
	0.454

	40
	0.906
	0.855
	0.906
	0.885
	0.897
	0.917
	0.921
	0.921
	0.921
	0.898

	60
	1.336
	1.326
	1.367
	1.345
	1.354
	1.331
	1.369
	1.336
	1.347
	1.333

	80
	1.827
	1.791
	1.804
	1.811
	1.801
	1.811
	1.811
	1.767
	1.758
	1.790

	100
	2.236
	2.192
	2.269
	2.228
	2.225
	2.238
	2.268
	2.203
	2.115
	2.193

	Unknown
	0.982
	1.013
	2.838
	1.132
	0.827
	1.040
	1.018
	0.956
	0.999
	1.035


Grubbs Test:
Critical Z Value → 
Unknown (µg/ml)







P>0.05 
Group 3’s value for , 2.838, was an obvious outlier as it was far higher than the rest of the groups values for the unknown. The Grubb’s test was performed and the Z value for their value was 2.82. This is larger than the critical Z value for a data set of 10 entries, 2.29, therefore this value is an outlier. It will be excluded from the average and further calculations. 
Table 5 Section 03 Average and Standard Deviation of Absorbance of Coomassie Blue
	Coomassie Blue (µg/ml)
	Average Absorbance of Each Group/Dilution
	Standard Deviation of Each Group/Dilution

	20
	0.454
	0.00959

	40
	0.903
	0.0208

	60
	1.344
	0.0149

	80
	1.797
	0.0212

	100
	2.217
	0.0448

	Unknown
	1.000
	0.08134


Sample Calculations:
Average of Absorbance with Concentration 20 (µg/ml)
 (Data values)


       

Standard Deviation of Absorbance with Concentration 20 (µg/ml)




Average of Absorbance for the Unknown
 (Data values)


       


Standard Deviation of Unknown



Figure 1 Standard Curve Demonstrating Relationship between Coomassie Blue Dilutions (µg/ml) and  for Group 5
Figure 1 Standard Curve Demonstrating Relationship between Coomassie Blue Dilutions (μg/ml) and  for Group 5
Figure 2 Section 03 Standard Curve Demonstrating Relationship between Coomassie Blue Dilutions (µg/ml) and 

Figure 2 Section 03 Standard Curve Demonstrating Relationship between Coomassie Blue Dilutions (μg/ml) and 
Calculation of Unknown Coomassie Blue Concentration
Average Unknown Absorbance: 1.000




Original Concentration



Results and Discussion
The summation of this experiment was to practice measurement techniques, such as pipetting, dilutions and using the spectrophotometer, in order to establish a comfortability in using them for future experiments. 
Firstly, Table 1 & 2 illustrates the values of weight and percent error obtained after pipetting water with the P200 and P1000 micropipettors. Water has a constant density at room temperature and should have a percent error of 2% or less to be considered reliable (Concordia Biology Department 2019). From Table 2 the average percent error for the P200 was 3.240 % and for P1000 was 0.5570%, all trials were included. The expected weight to be pipetted with P200 was 56.5 μl and for P1000 was 812 μl. The observed weights for both handlers in trials 1 were 53.8 mg and 55.3 mg and in trial 2 the observed weight for Amanda was 54.9 mg. We expected a percent error of 2% or less, the second trial from the P200 came closer to the expected outcome, 2.8%. The error could have occurred by human handling such as not wiping the pipette tip fully, not setting the correct volume, not changing the pipette tips…etc. Overall, the P1000 gave a better average percent error then P200, that fell way below 2% therefore the data can be considered reliable. 
Secondly, from Table 3 illustrates the next part of the experiment which involves varying dilutions of Coomassie Blue measured individually at an OD of 540 for Group 5. All the values including that of the unknown fall within the range of 0.1-3. This agrees with the limitations of the spectrophotometer, as values within that range are deemed reliable (Concordia Biology Department 2019). Therefore, Group 5’s data set for the dilutions and the unknown are reliable. Dilution relieves the spectrophotometer of scaling errors caused by the cuvette’s structure and in place introduces scaling errors caused by measuring volume (de Lange 2016). Proper dilutions and pipetting skills would deliver reliable and accurate results.
Lastly, Figure 1 and 2 indicate a linear slope which demonstrates proportionality between absorbance (OD) and concentration. This indicates minimal error with pipetting and preparing the dilutions. Comparing Figure 1 and 2 there is very little variance between Group 5’s data set and the sections corresponding data set. From Figure 2, the equation obtained for the section’s average absorbance per dilution was  with an  value of 0.9999. The error bars are small indicating that the mean accurately represents the data set. The equation obtained for our group’s average absorbance was  with an  value of 0.9997. There is a 0.0002 difference between the slopes of both equations and both  values range close to 1 which indicate that the data fits their regression lines closely. 
These equations agree with the data from Table 3 and 5 as there is slight variation between our data, Group 5, and the sections data with regards to the unknown dilution. Group 5’s 4-fold dilution for the unknown had a calculation error. The volumes pipetted were 200 µl of unknown and 800 µl of 50% ethanol, however this gives a 5-fold dilution instead of a 4-fold. This is also the same dilution for 40 μg/ml. The proper volumes would have been 250 µl of unknown and 750 µl of 50% ethanol. Therefore, the unknown’s , 0.827, makes sense since  at dilution 40 μg/ml gives a similar reading. According to Table 2, the percent error for the P200 micropipette did not fall within the desired range. This could also account for the slight variation for the unknown. Improper pipetting and the larger percent error associated with the P200 could be the reason for this slight variance.
The diluted unknown concentration was calculated as 44.48 µg/ml and the original concentration was 177.9 µg/ml using . This was expected as the average  for the section’s value for unknown was 1.000 which falls a bit higher than the  for the 40 μg/ml dilution as seen on Table 5. The original stock solution was 200 µg/ml so it falls within the range of acceptable concentrations. Only 9 data entries were used as Group 3’s  , which measured at 2.838, for their unknown was a clear outlier from the sections data set. Performing the Grubb’s test for this value garnered a Z value of 2.82 which is larger than the critical value of 2.29. The value was deemed an outlier and was excluded from the calculation for the sections average unknown concentration. The values obtained from the section data set are slightly more accurate based of the  value. The section’s data set gives an  value of 0.9999 which is slightly higher than Group 5’s  value of 0.9997 and gives a closer value to 1. The section’s values have small error bars; therefore the values are more reliable.
In conclusion, the actual concentration of the unknown was calculated to be 177.9 μg/ml using the standard equation from the sections graph. The section’s data was more accurate due to a higher  value. Any resulting errors were listed above and mostly could have been attributed to large percent error for the P200. The concentration value coincided with the data included in the results section.
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