Experiment 1

Measurement Statistics: Calibration of Volumetric Instruments

It is the nature of our indeterminate universe that all experimental measurements are subject to error.  The general purpose of this experiment is to give you experience at estimating measurement errors and using these estimates to quantitatively evaluate your experimental technique.  The specific objective of this experiment is to determine the accuracy and precision of your volumetric glassware and automatic pipettes, so that you can chose the proper instrument for our next analytical experiments.  This will be a group project where each student will calibrate two fixed volume and one variable volume pipette.  We will then pool our data as a class to evaluate the performance of various types of glassware and automatic pipettes.

The reliability of volumetric measurements depends on the agreement between the volume actually contained (TC) or delivered (TD) and the volume reported by the apparatus. The following table shows some of the single measurement tolerance (average absolute error) values established for volumetric glassware by the National Bureau of Standards.  Glassware meeting these specifications is available from several glass companies. Such “A line” glassware meets the NBS standards and is adequate for all but the most exacting analytical work.

Tolerances for Volumetric Glassware (ml)

	Capacity
	Volumetric Flask
	Transfer pipets
	Burets

	2
	0.02
	0.006
	

	5
	0.02
	0.01
	0.01

	10
	0.02
	0.02
	0.02

	25
	0.03
	0.03
	0.03

	50
	0.05
	0.05
	0.05

	100
	0.08
	0.08
	0.10

	200
	0.10
	0.10
	

	500
	0.15
	
	

	1000
	0.20
	
	


NBS   Circular. 434 (1941)

When better accuracy is needed or when the history of the glassware is unknown it is usually advisable to calibrate the glassware.  Methods for using and calibrating glassware can be found in our laboratory binder.  Read through this information carefully and design your own procedure to calibrate the following instruments.  Keep in mind TD and TC instruments need different procedures.

1. 10 mL volumetric flask

2.  A fixed volume of your choice from one of the following: transfer pipette, volumetric flask, graduate cylinder, or pipette 1 mL or greater

3. Linear regression of a micro pipette of your choice at 5 different volume settings

Calibration usually consists of determining the mass of a liquid of known density contained or delivered by the volumetric apparatus.  Although this is a straightforward process there are a number of potential sources of error that need to be considered in your procedure.

· First, and most important, the volume of the apparatus and the density of the liquid depends on temperature. Measured volumes should be corrected to a standard temperature.

· Second, if the object that you weigh displaces more air than the balance’s calibration weight, the recorded weight in air must be corrected for its buoyancy.

· Third, because the aim is to determine accuracy and tolerances you will have to decide how to get a valid statistical measure of the tolerance and accuracy.

· Finally, careless techniques in using the volumetric glassware introduce gross systematic errors into the experiment.  Some common systematic errors are: (1) warming the contents of the volumetric apparatus by holding them in your hand, (2) transferring liquid on the outside of the apparatus, (3) using dirty glassware or impure liquids, (4) failure to allow sufficient drainage time and capillary contact, (5) parallax error caused by not having your eye level with the meniscus, (6) Not holding the pipette vertically, and (7) general carelessness in handling and weighing.

Usage of a volumetric pipette

1. Rinse the pipette with a small amount of solution, if it has not been previously used.

2. Fill the pipette using a suction bulb to above the graduation mark.

3. Quickly place your index finger over the end and then wipe the exterior free of liquid.

4. With the pipette tip touching the glass wall of a discard vessel, drain to the starting mark.

5. Drain the full pipette into the receiving vessel but do not blow out the liquid in the tip.

6. Rest the tip against an inner wall for a full 10s, to allow capillary action to drain the tip.

7. The pipette should be nearly vertical at the end of delivery. Some liquid will remain in the tip.

Usage of a Micropipette

1. Place a fresh tip tightly on the barrel. Polypropylene tips are not stable in conc. HNO3, H2SO4.

2. Set the desired volume with the knob on the pipette. 

3. Depress the plunger to the first stop and vertically dip it 3-5 mm into the solution.

4. Slowly release the plunger to suck up liquid.

5. Withdraw the tip by sliding it along the wall of the vessel to remove liquid outside of the tip.

6. Dispense the liquid with the tip against a wall by pressing the plunger to the first stop.

7. Wait a few seconds, then depress the plunger to the second stop to drain the tip.

8. Discard the tip before it is used in a different solution or if it is contaminated.

When analyzing and reporting your results pay special attention to the distinction between, accuracy, precision, percentage error, percentage uncertainty, tolerance, standard deviation, standard error, confidence limits, t-tests, and F-tests.

Some Question to answer:

1. Which instrument was the most accurate at delivering 10 mL?

2. Which instruments at a 95% confidence level showed systematic errors in delivering 10 mL?

3. Which instruments at a 95% confidence level met the manufactures tolerances?

4. What is the smallest volume that your micro pipette can accurately deliver?

5. Did your mico pipette show a constant precision over its linear dynamic range?

6. How much of your volume error was due to errors in measuring mass.

7. What is the most accurate way to prepare 100 mL of a 100 ppb by weight lead solution from lead nitrate(99.999% pure, Mwt= 331.20 g/mole) and water using an analytical balance, a 100 mL volumetric and any of the instruments measured in class. What is the total error in the final concentration?

To pool your data fill out the following excel tables email them to your instructor and place them on the class server as “glassware name_initials”

Constant Volume

Use the standard deviation and average to characterize your constant volume glassware.  The number of observations should reflect the actual number of data points you used to construct the average and deviations.

	Student

initials
	glassware

name
	Temp.
actual
	Volume
Factor
	number

obs
	Average
	St. Dev.
	Max
value
	Min

value
	Av.Absolute

error


Micro pipette

Trend lines based on least squares analysis assume that the scatter is present only in the y values.  A calibration line then requires putting the measured scattered values on the y-axis and your hopefully precise unscattered standards on the x-axis. To determine the volume detection limit you should graph the measured volume (scattered) vs. pipette volume (unscattered) and do a linear regression. Use microliters for your x and y units.  From this you can determine an x and y detection limits.

	Student

initials
	pipette

name/range
	Temp.
actual
	Vol
Factor
	number

obs
	slope
	slope

error
	Intercept
	Intercept
error
	x detec.
limit
	y detec.
limit
	Av.Absolute

error


Calibration Standards Based on IUPAC Density Values for Pure SMOW Water

	Temp
oC
	Density
(g/mL)
	Volume
Tempa
	Volume
20 oCb

	10
	0.999702
	1.00135
	1.00145

	11
	0.999607
	1.00144
	1.00153

	12
	0.999500
	1.00155
	1.00163

	13
	0.999379
	1.00167
	1.00174

	14
	0.999246
	1.00181
	1.00187

	15
	0.999102
	1.00195
	1.00200

	16
	0.998945
	1.00211
	1.00215

	17
	0.998777
	1.00228
	1.00231

	18
	0.998598
	1.00246
	1.00248

	19
	0.998407
	1.00265
	1.00266

	20
	0.998206
	1.00285
	1.00285

	21
	0.997995
	1.00307
	1.00306

	22
	0.997773
	1.00329
	1.00327

	23
	0.997541
	1.00352
	1.00349

	24
	0.997299
	1.00377
	1.00373

	25
	0.997048
	1.00402
	1.00397

	26
	0.996787
	1.00428
	1.00422

	27
	0.996517
	1.00455
	1.00448

	28
	0.996237
	1.00484
	1.00476

	29
	0.995949
	1.00513
	1.00504

	30
	0.995651
	1.00543
	1.00533


a. Volume Factor = [(dc-da)/dc]/[d-da]  mL/g
where d is the density of water (g/mL)
dc is the density of a stainless steel calibration weight (8.0 g/mL), and
da is the density of moist air (0.0012 g/mL)

b. Volume Factor at 20 oC = Volume Factor –(0.00001 mL/g/oC)(T-20.0 oC) based on a 0.001% per degree expansion of borosilicate glass.

The corrected volume due to buoyancy and temperature changes can be calculated by multiplying the measured weight of water times the Volume Factor..

Density of water came from

Marsh, K. N., Ed., Recommended Reference Materials for the Realization of Physicochemical Properties, Blackwell Scientific Publications, Oxford, 1987.

Density of stainless steel and air came from

National Physical Laboratory  http://www.npl.co.uk/mass/guidance/buoycornote.pdf
