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Chemistry 1 conversions
GENERAL CHEMISTRY TOPICS Dimensional analysis and unit conversions Dimensional analysis. Equivalence relations for units and conversion factors. Exact and inexact conversion factors. Examples. Dimensional analysis, unit conversions Dimensional analysis of a calculation simply means that we treat the units in a calculation algebraically - when
we multiply or divide terms, we do the same with the units. In a ratio, common factors cancel. When adding or subtracting terms, those terms must be expressed in the same units, otherwise you are adding together apples and oranges, i.e. you can't sensibly add/subtract those numbers. When setting up and performing any calculation where numbers
or measurements with units are involved, one should always check whether the dimensional analysis of the calculation yields the correct units. Arguments to and products of functions such as log and exp are formally dimensionless. Often, looking at the units can guide you in what calculation to perform. If the dimensional analysis of a calculation
shows the correct units are produced, it does not guarantee the calculation is correct. However, if the dimensional analysis of a calculation shows that it yields the wrong units, the calculation is certainly wrong. Always include units in writing out the calculations you perform. This will help you avoid many mistakes and help give your instructor at
least the impression you know what you are doing! Any definition of units of a quantity provides exact conversion factors. For example, the units of inches are defined in terms of centimeters (cm) as follows: 1 in = 2.54 cm exactly is the conversion factor 2.54 cm/in. In this instance, the conversion is exact (no loss of significant figures). So to convert
inches to centimeters, we need a conversion factor of cm/in to multiply the length quantity in inches. (6.3360 × 105 in ) (2.54 cm·in−1) = 2.4945 × 105 cm For the opposite conversion, centimeters to inches, the inverse factor, in/cm, is applied as follows 30.50 cm (2.54 cm·in−1)−1 = 12.01 in The decimal multipliers work similarly to exact conversion
factors. If, for example, we needed to convert between meters (m) and nanometers (nm), we recognize that (x nm ) (10−9 m·nm−1) = y m (y m ) (109 nm·m−1) = x nm and the decimal multiplier conversion factor does not affect the number of significant figures. Unit equivalence relations and conversion factors Two reciprocal conversion factors can
be constructed from a unit equivalence. For example, the unit equivalence relation between inches (in) and centimeters (cm) is 1 in = 2.54 cm By dividing both sides of this relation by 1 in, we obtain 1 = 2.54 cm/in the right-hand side of which is a conversion factor for in to cm. Conversely, if we divide both sides of the unit equivalence relation by 2.54
cm, we obtain (1/2.54) in/cm = 1 where the left-hand side is a conversion factor for cm to in. Some unit equivalence relations, such as those from unit prefixes and their decimal multipliers, are exact. These give rise to exact conversion factors that can be treated in calculations as having an infinite number of significant figures. Another example of an
exact equivalence is the cm/in relation given above: 1 in = 2.54 cm (exactly) The inch in effect is defined as 2.54 cm exactly. Inexact conversion factors and constants Many conversion factors and fundamental physical constants that appear in chemical calculations can be introduced to varying degrees of accuracy (number of digits), and the value we
choose depends on the requirements of the calculation. For example, we may have the equivalence relation 1 lb = 453.6 g given by one source (e.g. Ref. 2), and 1 lb = 453.59 g by another source (e.g. Ref. 1). Similarly, the speed of light is given (in Ref. 1, on page facing the back cover) as 2.99792458 × 108 m/s. We may choose to use a rounded value
with fewer digits for a particular calculation (though we are always free to use the most accurate value known!) which is fine where data that is not accurately or precisely known is also part of the calculation. The general situation is analogous to computing the area of a circle of a given radius roughly ( using π = 3), or more accurately (using π =
3.14159). Tip: When using inexact conversion factors or constants in calculations, where possible use a sufficient number of significant figures so that the conversion factor or constant does not limit the accuracy of the calculation. For example, in a calculation of the time it takes light from the sun to reach the earth, using an average distance of 1.5 ×
1011 m, it is sufficient to use the value 2.998 × 108 m/s for the speed of light, (1.5 × 1011 m) / (2.998 × 108 m/s) = 5.0 × 102 s where we have rounded and reported the result with the correct number of significant figures. We would have obtained the same result using 2.99792458 × 108 m/s for the speed of light. Conversion factor for derived units
from base unit conversion If we are given a unit equivalence involving a base unit and need to perform a conversion involving units derived from that base unit, care should be taken in deriving the conversion factor. As an example, suppose we need to convert a volume expressed in cubic centimeters (cm3) to volume expressed in cubic meters (m3).
The equivalence we know from the base unit of length is 1 m = 102 cm. To obtain the equivalence between cm3 and m3, be sure to treat the units and numbers the same: 1 m = 102 cm the equivalence relation involving the base unit meters (m) (1 m)3 = (102 cm)3
raise both sides of the relation to the third power 13 m3 = (102)3 cm3
operate on numbers and units in the same way 1 m3 = 106 cm3
13 = 1 and (102)3 = 102·3
this is the desired equivalence relation The equivalence relation above results in the conversion factors 106 cm3/m3 (for converting to cm3 from m3) and 10−6 m3/cm3 (for converting to m3 from cm3) A common mistake is to fail to treat the
number in the same way as units, resulting in the incorrect conversion factors of 102 cm3/m3 (for converting to cm3 from m3) and 10−2 m3/cm3 (for converting to m3 from cm). Examples of unit conversions and dimensional analysis Oftentimes problem solving in chemistry will require unit conversion. Dimensional analysis is a tool for application of
proper conversion factors. At the same time, dimensional analysis an indispensable strategy to guide the construction or set-up of an equation that can yield the correct answer to a problem, once numerical values are substituted into the equation and the computation is performed. Example: Calculate the mass in pounds of 1.00 gal of ethanol, which
has a density of 0.789 g cm−3. 1 pound (lb) is equal to 453.59 grams (g), and 1 liter (L) is equal to 1.057 quarts (qt). One way to interpret this problem is that we need a conversion factor for density that, when multiplied with density expressed in the units g cm−3, will give density expressed in the units lb gal −1. ( 0.789 g cm−3)( x lb cm3 g−1 gal−1
) = z lb gal −1. We have the unit equivalence 1 L = 1.057 qt Dividing this relation, in turn, by the factor on either side yields the two conversion factors 1 = 1.057 qt L−1 and (1/1.057) L qt−1 = 1 Similarly, 1 lb = 453.59 g yields 1 = 453.59 g lb −1 and (1/453.59) lb g −1 = 1 Furthermore, for the units of volume 1000 mL = 1000 cm3 = 1 L
there are the conversion factors 1 = 103 cm3 L −1 and 1 = 10−3 L cm−3 Our task is to choose the right combination of conversion factors so that all units cancel except for the correct units of the answer. As we found above, we need the units lb and cm3 in the numerator, and the units g and gal in the denominator. Therefore, we choose (1/453.59)
lb g −1 as the mass conversion factor, and 103 cm3 L −1 to help with volume conversion ( x lb cm3 g−1 gal−1 ) = ( 1 lb / 453.59 g )( 103 cm3 L−1) ( y L gal−1) We also need the equivalence between L and gal, or use the fact that 1 gal = 4 qt (exact) ( y L gal−1) = ( 4 qt gal−1)( 1 L / 1.057 qt ) . Finally, we can write the complete conversion of
density from g cm−3 to lb gal −1 and compute the answer as ( 0.789 g cm−3)( 1 lb / 453.59 g )( 103 cm3 L−1)( 4 qt gal−1)( 1 L / 1.057 qt ) = 6.5826 lb gal−1 Learning Objectives The skill to convert a quantity into various units is important. Unit conversion and dimensional analysis are also scientific methods. There are many examples in Chemistry,
and you will encounter them later. In the field of science, the metric system is used in performing measurements. The metric system is actually easier to use than the English system, as you will see shortly. The metric system uses prefixes to indicate the magnitude of a measured quantity. The prefix itself gives the conversion factor. You should
memorize some of the common prefixes, as you will be using them on a regular basis. Common prefixes are shown below: Table \(\PageIndex{1}\) Prefix Symbol Power Prefix Symbol Power mega- M 106 centi- c 10-2 kilo- k 103 milli- m 10-3 hecto- h 102 micro- 10-6 deca- D 101 nano- n 10-9 deci- d 10-1 pico- p 10-12 Suppose you wanted to convert the
mass of a \(250\; mg\) aspirin tablet to grams. Start with what you know and let the conversion factor units decide how to set up the problem. If a unit to be converted is in the numerator, that unit must be in the denominator of the conversion factor in order for it to cancel. Notice how the units cancel to give grams. the conversion factor numerator is
shown as \(1 \times 10^{-3}\) because on most calculators, it must be entered in this fashion, not as just 10-3. If you don't know how to use the scientific notation on your calculator, try to find out as soon as possible. Look in your calculator's manual, or ask someone who knows. Also, notice how the unit, mg is assigned the value of 1, and the prefix,
milli-, is applied to the gram unit. In other words, \(1\, mg\) literally means \(1 \times 10^{-3}\, g\). Next, let's try a more involved conversion. Suppose you wanted to convert 250 mg to kg. You may or may not know a direct, one-step conversion. In fact, the better method (foolproof) to do the conversion would be to go to the base unit first, and then to
the final unit you want. In other words, convert the milligrams to grams and then go to kilograms: Example \(\PageIndex{1}\) The world's ocean is estimated to contain \(\mathrm{1.4 \times 10^9\; km^3}\) of water. What is the volume in liters? What is the weight if the specific density is 1.1? How many moles of water are present if all the weight is
due to water? How many moles of \(\ce{H}\) atoms (not \(\ce{H2}\)) are there in the ocean? How many \(\ce{H}\) atoms are present in the ocean? Solution \(\mathrm{1.4e9 \left (\dfrac{1000\: m}{1\: km} \right )^3 \left (\dfrac{10\: dm}{1\:m} \right )^3\\ = 1.4e21\: dm^3 \left (\dfrac{1\: L}{1\: dm^3} \right )\\ = 1.5e21\: L \left (\dfrac{1.1\: kg}{1\:
L} \right )\\ = 1.5e21\: kg \left (\dfrac{1000\: g}{1\: kg} \right )\left (\dfrac{1\: mol}{18\: g} \right )\\ = 8.3e22\: mol\: H_2O \left (\dfrac{2\: mol\: H\: atoms}{1\: mol\: H_2O} \right )\\ = 1.7e23\: mol\: H \left (\dfrac{6.02e23\: atoms}{1\: mol} \right )\\ = 5.0e46\: H\: atoms}\) In this example, a quantity has been converted from a unit for volume into
other units of volume, weight, amount in moles, and number of atoms. Every factor used for the unit conversion is a unity. The numerator and denominator represent the same quantity in different ways. Even in this simple example, several concepts such as the quantity in moles, Avogadro's number, and specific density (or specific gravity) have been
applied in the conversion. If you have not learned these concepts, you may have difficulty in understanding some of the conversion processes. Identify what you do not know and find out in your text or from a resource. Example \(\PageIndex{2}\) A typical city speed for automobiles is 50 km/hr. Some years ago, most people believed that 10 seconds to
dash a 100 meter race was the lowest limit. Which speed is faster, 50 km/hr or 10 m/s? Solution For comparison, the two speeds must be expressed in the same unit. Let's convert 50 km/hr to m/s. \[ \mathrm{50 \;\dfrac{\cancel{km}}{\cancel{hr}} \left(\dfrac{1000\; m}{1\; \cancel{km}}\right) \left(\dfrac{1\; \cancel{hr}}{60\;\cancel{min}}\right)
\left(\dfrac{1\;\cancel{min}}{ 60\; s}\right) =13.89\; m/s} \] Thus, 50 km/hr is faster. Note: a different unit can be selected for the comparison (e.g., miles/hour) but the result will be the same (test this out if interested). Exercise \(\PageIndex{1}\) The speed of a typhoon is reported to be 100 m/s. What is the speed in km/hr and in miles per hour?
These conversions are accomplished in the same way as metric - metric conversions. The only difference is the conversion factor used. It would be a good idea to memorize a few conversion factors involving converting mass, volume, length and temperature. Here are a few useful conversion factors. length: 2.54 cm = 1 inch (exact) mass: 454 g = 1 lb
volume: 0.946 L = 1 qt temperature: oC = (oF - 32)/1.8 All of the above conversions are to three significant figures, except length, which is an exact number. As before, let the units help you set up the conversion. Suppose you wanted to convert mass of my \(23\, lb\) cat to kilograms. One can quickly see that this conversion is not achieved in one step.
The pound units will be converted to grams, and then from grams to kilograms. Let the units help you set up the problem: \[ \dfrac{23 \, lb}{1} \times \dfrac{454\,g}{1 \, lb} \times \dfrac{1 \, kg}{ 1 \times 10^3 \, g} = 10 \, kg\] Let's try a conversion which looks "intimidating", but actually uses the same basic concepts we have already examined.
Suppose you wish to convert pressure of 14 lb/in2 to g/cm2. When setting up the conversion, worry about one unit at a time, for example, convert the pound units to gram units, first: Next, convert in2 to cm2. Set up the conversion without the exponent first, using the conversion factor, 1 in = 2.54 cm. Since we need in2 and cm2, raise everything to
the second power: Notice how the units cancel to the units sought. Always check your units because they indicate whether or not the problem has been set up correctly. Example \(\PageIndex{2}\): Convert Quantities into SI units Mr. Smart is ready for a T-bone steak. He went to market A and found the price to be 4.99 dollars per kilograms. He drove
out of town to a roadside market, which sells at 2.29 per pound. Which price is better for Mr. Smart? Solution To help Mr. Smart, we have to know that 1.0 kg is equivalent to 2.206531 lb or 1 lb = 453.2 g. By the way, are these the same? \[ \mathrm{4.99\; \dfrac{$}{\cancel{kg}} \left( \dfrac{1\; \cancel{kg}}{2.206532\; lb} \right) = 2.26468
\;\dfrac{$}{lb}}\] Of course, with the money system in Canada, there is no point quoting the price as detailed as it is given above. This brings about the significant digit issue, and the quantization. The price is therefore 2.26 $/lb, better for Mr. Smart than the price of 2.29 $/lb. Exercises 1.2e-4 kg Skill - Converting a quantity into SI units. \((7032)\times\dfrac{5}{9}\:\: {^\circ\textrm C}\) Skill - To convert temperature from one scale to another scale. The price is Cdn$0.60 / L Skill - Converting two quantities. Canada at Cdn$0.55 / L Skill - Determine the costs per unit common volume. A marathon race covers a distance of 26 miles and 385 yards. If 1.0 mile = 5280 ft, 1 ft = 12 in, and 1 in =
2.54 cm, express 26 miles in m. 6486 m Skill - Convert quantities into SI units. Contributors and Attributions
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