Most students grasp the concept of 120topes: atoms of the same slament that differ 1m mass mumber becanze of 2
diffarent nomber of neutrons in the nuclens. What students tend to have a hard time with 1z how to caleulate
1zotopic mass given percent abundance, or vice versa. The following tutornal hopes to explain this concept 1n
detail.

Calculating averaze 1sotopic mass requires a strong understanding of how averages work. Conszider the
followmse:
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Here we have ten coms. Some have a valoe of 5 units, and some have a value of 10 umts. If we wanted to
calculate the average value of all the coins above, we would add up zall of thewr ndridual valoes (63) and
dride by the total mumber of coms (10). The average value of the coms 15 6.5 unifs.

But what 1f we had hundreds of thousands of comsT How would we calculate the average then” Techrically,
we could add up all of their values and divide the total by the number of coms we had. Buf thera's a better way,
and that's to use a representative sample.

Supposze that the coms above are a representative sample (a3 sample that exhubits the same proportion of
components as the total) of the hundreds of thowsands of coms we want to find an average for. We can use the
percent abundance of each com, and each com's mndridual value, to find the overall average.
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What percentage of the coins have a valoe of 5 units7 _-'_.-"'l =7 e

What percentage of the coms have a value of 10 umts? EJ'[ b= 34 j“llf

We can calculate the average value of all all of the coms by multphring each percentaze (in decimal form) by
its respective value, and then adding the two numbers together:

5(070) = 3.5 unids
10(0-36)=3.0 units
5 '-..LI"'.'I'1|.'E

Az vou can see, the averazes are the same usinz both methods. The second methed, however, 13 how we
calculate the average atomic maszes that you see on the pencdic table. Speaking of let's do some examples
that are actually related to chemustry.




Calculating Average Atomic Mazz Grven Percent Abundancs

Example 1: Thers are two known naturally cccurning 1setopes of copper: copper-62 and copper-64. Given that
the percent abundance of Cu-62 1z 24 3%, calculate the average atomic mass (in amu) of copper.

Arvrerage Atomuc Mass = (%0)(m) + (Fodm) + ...
The eguation zbove mncludes the ellipsas to show that vou could have more than two naturally cccurnng

1zotopes for an element, and that 1t too would have to be incluoded m the average mass. But m this exampls, we
only have two, so lat's write what we know and then substitute the mmformation mto the equation.

Cu-lbl Cu-lel
(fy = 24.3=0243 oh = ( 1ao¥, — 214 .3%)= 15.7% = 0.757
M= b2 omy M= Ly amy

Averoge moss =( 62 amu)(0.242) + (Lyomu)(0.757)
= 15. 0Lk omu  + HE LU YT amy
= 3,514 oMy

Example 2: What 1z the average atomic mass (mn amu) of silicon if the only known 1sotopes are S1-26 (24.9%),
51-28 (49.7%), and S1-30 (25.4%)7

Averode oSS = (26 amu)(0249) + (28 amu)(0.497) 4 (20 oumu)(0.254%)
= L.Y74amy 4 13.91 ovv + 7.620 amy

= 28 0] amy



Calculating Percent Abundance Grren Averags Atomic haszs

In the previcus examples. we were given the 1dentity of the 1z0topes and their individual atomic masses and
azked to calculate the average atomic mass for the element. In the following example, we will work out
problems m which we calculate the percent abundance of each 1zotope grren the average atomic mass. These
problems will test vour alzebra zkalls, so payv closs aftention to how each value 1z substituted mto the formula.

Example 3: The average atomic mass of 1odine 1= 126.20 amu. The twe naturally cccumng isotopes of 10dine
ara I-126 and I-128. Calculate the percent abundance of each 1zotopic species.

We will uze the zame equation from before, but with a shzht modification:
Arvrerage Atomie Mass = (x)(m) + (1-x¥m) + ...
The x m this equation represents the unknovwn abundance of the first 1zotope, n decimal form. The 1-x

reprazents the percent abundance of the sacond 1sotope, m relafion to the first. Wa subtract from 1 becauze 1 1=
the decimal form of 100%%. And now, to work out our example:

12692 amy =126 amu) + (1=%)(122 amv)

= 2o X + 1283 amy —!li."li-f
l
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[26.90 oMU + 2% amv
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