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2.6.3: UNITS OF MEASURE

THE METRIC SYSTEM
The metric system is an internationally agreed-upon measurement system based on decimals or powers of 10. Scientists use a refined
version called the International System of Units (abbreviated SI). In biology, you will often find a need to describe measurements of
length, volume, mass, time, temperature or amount of substance.

INTERNATIONAL SYSTEM OF UNITS

METRIC UNITS

length: meter (m)
volume: liter (L)
mass: gram (g)
time: second (s)
temperature: Celsius (°C)

Kelvin (K) is a unit of thermodynamic temperature and is the SI unit. The Kelvin scale in the same as the Celsius or centigrade
scale but offset by 273.16
Biology uses Celsius predominantly because of the range in which organisms live.

amount of substance: mole (mol)
A mole is a number representing 6.022×10  of something
Just as a pair of shoes equals 2 shoes, a mole of shoes is 6.022×10  shoes
Just as a dozen eggs equals 12 eggs, a mole of eggs is 6.022×10  eggs
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STRATEGY FOR CONVERSIONS
1. What unit is being asked for?

500ml = ____L → liters
2. What unit are you starting from?

500ml = ____L → milliliters
3. Which unit is larger? By how much is that unit larger?

Liters are the larger unit. Liters are 1,000X (10 ) greater than milliliters.
4. Which direction are we moving?

Since we are moving to a larger unit, our value will be smaller. In this case, the value is smaller by 1,000X
In other words, the value is 1/1000 or 0.001 the value.
So what is the answer?

FACTORING OUT
Using the idea of factors of ten, you can assess the difference between the two units and cancel out the original unit algebraically to reach
the desired final unit.

500ml=_____L

 or, 
which states 1000 milliliter in every 1 liter

pay attention to the units and how we’ve canceled out the ml in the numerator of 500ml and in the denominator in the
conversion of 1L in 1000ml

ADDITIONAL RESOURCES
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ACCURACY AND PRECISION
Accuracy refers to how closely a measured value agrees with the correct or target value. 
Precision refers to how closely individual measurements agree with each other and reflects the repeatability in those measurements.

Unit conversion within the metric system | Pre-Algebra | Khan AcUnit conversion within the metric system | Pre-Algebra | Khan Ac……
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This illustrates accuracy. Measurements are on target.

This illustrates precision. Measurements are very close to each other and repeatable.

This illustrates Accuracy AND Precision. Each measurement is on target and also highly repeatable.

Instruments have a finite amount of accuracy and it is important to report measurements within that level of accuracy. Significant figures,
report the number of digits that are known to some degree of confidence with the measuring device. With the increased sensitivity of the
equipment, the number of significant figures increases.

PIPETTING BASICS

TYPES OF MICROPIPETTORS
Pipettors are made by many different manufacturers and thus all do not look the same. Learning to correctly use one type of pipettor will
provide you the knowledge to use others as they share the same method of distributing small volumes. This lab will illustrate the Rainin
Pipetman® micropipettors.
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The top of the plunger shows the pipettor size for the Pipetman models. Each pipettor has its own volume range and it is CRITICAL to use
a pipettor only in its proper volume range. The “P-number” represents the maximum volume in μL that the pipettor can measure. Pipettors
are more accurate in the upper part of their range. 20 μL should be measured with a P20 rather than with a P200. The four pipettor sizes
(P10, P20, P200, P1000) used in our lab will measure from 1 μL – 1000 μL as shown below.

CORRECTLY ADJUSTING THE PIPETTORS

Gilson Pipetman pipetting ranges chart. Note that the P200 officially has a range from 50-200μl

TUTORIAL ON PROPER USAGE

Pipetting sequence. Ensure the plunger is depressed outside of the liquid to displace air and avoid blowing bubbles into solution. Carefully
draw the plunger up slowly and follow the liquid to avoid drawing air. Depress the plunger in destination tube to the first stop. Depress to

the second stop if fluid remains in the tip to expel full volume.
https://www.youtube.com/watch?v=uEy_NGDfo_8

RULES FOR USE OF THE MICROPIPETTORS

These are precision instruments which can easily be damaged. Treat them with respect and care. They are essential for your success in this
course and shared amongst numerous students.

1. Never measure higher or lower than the range of the pipettor allows.
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An exception to this rule is the P200 labeled 50-200 μl.
While we have P100 pipettors for this range, they appear too similar to P20 that they are often confused.
Originally, P200 were labeled 20-200 μl and we know that the lower range is less precise on these.

2. Never turn the volume adjuster above or below this range indicated on the pipettor or you risk breaking the instrument.
3. Never allow liquid to get into the micropipettor.

This causes contamination.
This weakens the seal on the o-rings and can damage them.

4. Never use the micropipettor without a tip.
5. Never invert or lay down the micropipettor with liquid in the tip.

Liquids will roll into the piston this way.
6. Never let the plunger snap back when filling or ejecting liquid.
7. Never immerse the barrel in fluid.

This causes contamination.
8. Never set the micropipettor on the edge of the bench; this may result in the micropipettor falling or being knocked onto the floor.

EXERCISE: PIPETTING PRACTICE

1. Prepare seven dye mixtures as illustrated in the table below.
1. One student mix samples in column A and a second mixes in column C.
2. Column B is left empty and used if one student makes a mistake.

2. Each dye mixture prepared in the first well to reach a total volume of 45 μl.
3. Pipet 10 μl in triplicate from each well of the mixing plate into the center of the appropriate circles on the target card.
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