Chemistry I-Honors

Average Atomic Weight Problems

1.   A certain metallic element has two stable isotopes: M-45 and M-48. Given that the atomic weights 
      are 45.0010 and 48.0014, respectively, what is the percent abundance of the lighter isotope if the 
      average atomic weight of M is 47.2002?

    
47.2002  =  45.0010(X)   +   48.0014(1.00-X)

47.2002  =  45.0010(X)   +   48.0014  -  48.0014(X)

-0.8012  =  -3.0004(X)

X  =  0.2670    ===> % of M-45  = 26.70%
2.  A gaseous element has two isotopes: G-102 with an atomic weight of 102.11 and G-108 with an atomic weight of 108.08. The percent abundance of the heavier isotope is 34.550%. What is the average atomic weight of element G ?

      (108.08)(0.34550)  =  37.342

  


   + (102.11)(0.65450)  =  66.831

   


   _________________________

       

    average at. wt.   = 104.17

3. Another element - Z - has three isotopes: Z-78 with a weight of 77.989, Z-81 with a weight of 
      81.000, and Z-82 with a weight of 82.003. The percent abundance of the three isotopes is: 
      Z-78  34.050%,  Z-81  50.720%, and Z-82 15.230%.  What is the avg. atomic weight of element Z ?

       77.989(0.34050)  =  26.555

        81.000(0.50720)  =  41.083

   +  82.003(0.15230)  =  12.489

   __________________________
                      average atomic weight =   80.127
4.  A new element - Ma - is discovered with three stable isotopes. The average atomic weight is 88.934. 
     The lightest isotope has a mass of 84.889, the middle isotope weighs 86.778 and accounts for 23.70% abundance of the element. The heaviest isotope weighs 90.222 amu.  What is the percent abundance 
     of the heaviest isotope?

     88.934 = 90.222(1.00 - 0.2370 - X) + 86.778(0.2370) + 84.889(X)

     88.934  =  90.222(0.7630 - X)  +  86.778(0.2370)   +  84.889X
     88.934  =  68.84 - 90.222X  +  20.57   +  84.889X
       -0.476  =   -5.333(X)

             X  =  0.0893   =   8.93%  (lighter isotope)

for the heaviest isotope  % abundance = 67.37%
5. Given:  the mass of a neutron is 1.008665 amu   [amu  = atomic mass unit]

           the mass of a proton is 1.007274 amu 

           (the mass of an electron is only 0.000549 amu so we will ignore it.)

     Find: (a) the atomic mass of the Bi-205 isotope

      
(b) the atomic mass of the Bi-212 isotope

      
(c) Given that the average atomic mass of bismuth is 208.890 amu, what is the percent abundance of the heavier isotope?

A.  Bi-205:  p+(massP) + n0(massn)      =>        (82 * 1.007274) + (123 * 1.008665) = 206.66 amu

B.  Bi-212:  p+(massP) + n0(massn)      =>        (82 * 1.007274) + (130 * 1.008665) = 213.72 amu

C.  Bi-205:   206.66 * (1.00 – X) =   __________        

      Bi-212:   213.72 * X =               +__________

208.890 (avg. at. wt.)


206.66 – 206.66X +  213.72X = 208.890





7.06X = 2.23       





       X = 0.316  = 31.6%

6.  In addition to the stable Se-78 isotope there are two radioactive isotopes: Se-75 and Se-79.  The relative abundance of Se-79 is found to be twice as abundant as the Se-75 isotope.  What is the percent abundance of Se-75?  The atomic masses are 75.0218, 78.0425, and 79.1142, respectively for the three isotopes (lightest to heaviest) and the average atomic mass of selenium is 77.966 amu.

Se-78:      78.0425 * (1.00 – X – 2X) =   ________

Se-75:
     75.0218 *  X 

=   ________

Se-79:      79.1142 *  2X

= +________







         77.966 (avg. at. wt.)



78.0425 – 234.128X + 75.0218X + 158.228X = 77.966








-0.8778X = -0.0765         X = 0.0871 = 8.71%
7.  Sodium has three isotopes, two which are radioactive.  Use the values from the first problem to find the atomic masses of Na-22, Na-23, and Na-24.  If the percent abundance of the heaviest isotope is 21.00%, what is the percent abundance of the Na-23 isotope?

Na-22:  p+(massP) + n0(massn)      =>        (11 * 1.007274) + (11 * 1.008665) = 22.175 amu

Na-23:  p+(massP) + n0(massn)      =>        (11 * 1.007274) + (12 * 1.008665) = 23.184 amu

Na-24:  p+(massP) + n0(massn)      =>        (11 * 1.007274) + (13 * 1.008665) = 24.193 amu


Na-22:  22.175 * (1.00 – X – 0.2100) = ____


Na-23:  23.184 *  X

      =  ____


Na-24:  24.193 * 0.2100 

     = + 5.081







22.98977 (mass from PT is the avg. at. wt.)


22.175 – 22.175X – 4.657 + 23.184X + 5.081 = 22.98977







       1.009X = 0.391            X=0.387   =   38.7%
8.  Barium has four isotopes: Ba-130, Ba-133, Ba-137, and Ba-139.  The percent abundance of the isotopes is 16.06%, 12.44%, 45.57%, with the rest being composed of the heaviest isotope.  Masses are 129.9860 grams, 133.0002 grams, 137.0265 grams, and 139.4511 grams, respectively.  What should be the reported average atomic weight for barium?

Ba-130:  129.9860 * 0.1606 =    20.86

Ba-133:  133.0002 * 0.1244 =    16.55

Ba-137:  137.0265 * 0.4557 =    62.44

Ba-139:  139.4511 * 0.2593 =  +36.16




      136.01 (avg. at. wt.)

