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CHEM 101: PROBLEM SET #5 SOLUTIONS

Due: Wednesday, Octobe 10,2007by 11 Am.

Turn in to the Chem 101 box at the beginning of lecture or if you want to turn it in early, the box will be in Kathy
K ennedy@ office, the Chemistry Department secretary (Chem 303).

1

Examine the multiple ionizaion erergesfor sulfur (S), scardium (Sc), and getmarium (Ge) in the
table below. The first IE (IE,) represents the formaion of a +1 cation (i.e. S?. IE, repre<erts the
erergy neeckdto remove an electron from this +1 caion to make a+2 cation (S*). (a) What gereral
pattern do you notice as you move from IE; to succesively higher IE in eachca®? Sugged an
explaration for this trerd. (b) For each element, where is the larges gap between succesive
ionizaton ererges? (c) In an atom, valence electrons are outer shell electrons that are most easly
lost or sharedwith other atoms. Electrons that are very stable (ard thus require large amounts of
erergy to remaove) are consideredcore electrons. Using your arswersfrom part b, how mary valence
electrons are there for S, Sc, and Ge? Write the electon configurations for these elemerts and
idertify the core and valernce electons. (d) Noticethat the units in this tabe are somewhat differert
than what we have used for ionizaion erergy up to this point. Thes values describe how much
erergy is required to ionize a mole of atoms (releasng a mole of electrons and making a mole of
cations). With thisin mind, convertthe first ionizaion energy for sulfur into eV.

lonization Energy S (MJmoal) Sc (MJ/mol) Ge (MJ/moal)
IE, 0.9996 0.631 0.7622
IE, 2.251 1.235 1.537
IE; 3.361 2.389 3.286
IE, 4.4564 7.089 4411
IEs 7.013 8.844 8.732
IEg 8.4956 10.72 11.183
IE; 27.106 13.32 13.984

(a) To remove each successive electron requiresmore energy. Thatis, the successiveionizaion
erergesincrea®. Thisisalwaystruefor anelemert. Asyou remove electrons, the amaunt of
shielding is reduced and the remaining electrons feel a greaer amount of positive charge; thus
the remaining electrons areattracted more strongly to the nucleuws. In some cases there arelarge
jumpsin succesiveionizaions, usually indicatng that electrons from the next lower energy shell
arenow being removed.

(b) Sufur: thelarges gapis betweenlEgs and | E; (18.610 MJ/mal gap)
Scardium: thelarged gapis betweenlE; and | E4 (4.7 MJ/mal gap)
Germanium: thelarged gapis betweenlE; and 1E5(4.321 MJ/mal gap)

(c) In eachcas, the large gapinionizaion energy corregponds to the significartly larger ererges
requiredto breakinto the core electrons of the atom and remove electrons from orbitals that are
much closerto the nucleus and that feela significartly higher effecive nuclearcharge. The
number of electrons removed prior to the large gap equals the number of valerce electrons.

S: 6 valenceelectrons [Ne]3s?3p* The core electrons are the 10 e-Osepreserted by
[Ne], and the valence electrons arein the 3s and 3p orbitals.

Sc: 3 valerce electons [Ar]4s?3d! The core electrons are the 18 e-Osepreserted by
[Ar], and the valerce electons arein the 4s and 3d orbitals.
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Ge: 4 valerceelectrons [Ar]4s?3d'%p? The core electrons are the 18 e-Osepreserted by
[Ar] plusthe 10 electrons in the 3d orbitals (completely filled) and the valence electrons are

in the 4s and 4p orbitals.
(d) Firstionization erergy for S = 0.9996 MJ/mal
Theionizaion erergy in eV desribesthe amount of energy requiredto ionize asingle sulfur

atom, whereasthe unit MJ/moal describesthe amount of energy requiredto ionize amale of sulfur
atoms. So, the converson must take this diff ererceinto accaunt:

n (V 0/ 6 % 0,
0-9996 MJ 7o 1 mol ol (10°J leV 7 — 1036 eV

E =
¥ mol @6022( 107 S atoms& 1 MJ §1 602( 10"°78

The 1997 mission to Mars included a small robot, the Sojourner, with the capacity to amalyze the
composition of rocks found on the ORed PlanetO Magnesum oxide (MgO) from a boulder dubbed
OBanacle B|IIOWas amalyzed and found to have the isotopic composition listed below. Note: All of
the oxygenis %0 with an exact mas of 15.9948 amu Use this data to calculate the average gram
atomic weight of Mg that would appearon a Martian Periodic Tabe.

Exact mass of MgO (amu) Abundance (%)
39.9872 78.70
40.9886 10.13
41.9846 11.17

First determine the massesof the various magnesum isotopesby subtracing the mas of °O
from the three molecdar massesof MgO.

Mass of Mg = (39.9872 amu) D(15.9948 amu) = 23.9924 amu
Mass of Mg = (40.9886 amu) D(15.9948 amu) = 24.9938 amu
Mass of Mg = (41.9846 amu) D(15.9948 amu) = 25.9898 amu

The average mass of magnesum on Mars should be the weighted average of the masesof these
threeisotopes weightedby their abundances

(23.9924amy(78.70%) + (24.9938amy)(10.13% + (25.9898amu)(11.1
100%

70
@ = 24.32 amu

Remember that the gram atomic weight canrefer to the mass of one atom in amu or the mas of 1
moal of atomsin grams. Thus, the average mass of Mg on Marsis 24.32 g/mal.

3. Boron hastwo naturally occuring isotopes The mass of B is 10.01294 amuand the mass of B is

11.00931 amu Using the periodic tahe calculate the relative abundance of the two isotopesof boron.

Since there are only two naturally occuring isotopesof boron, their relative abundanceswill sum to
100%.

Letx = % abundance of 1B 100 Bx = % abundarnce of 'B
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(10.01294 amu)(x) + (11.00931 amu)(100 - x)
100%

Average GAW of B = 10.811amu =

And now for the algebraEi solate and then solve for x:
10.01294 x + 1100.931 B 11.00931 x = 1081.1
£0.99637 x = £19.831
X = 19.903 100 bx = 80.097

So, the relative abundance of °B = 19.903% and 'B is 80.097%.

4. In 2005, reeachersin Italy used mas spectromety in atandemanalytical techique to detectcocaine
ard berzoylecgpnine, the metabolic byproduct of cocaine, in the River Po. They measired
concertrations of 1.2 ng/L for cocaine and 25 ng/L for berzoylecgonine. Although these numbers
seemrather small, given the flow rate, they trarslate to 4 kg of cocaine flowing down the River Po
per day. If you wart to read more about why they were interesed in measiring this data see:
http://www.ehournal.net/content/4/1/14. The moalecular formula for cocaine is C;H,;NO,. (a)
Express the concertration of cocaine in the River Poin nanomoalarity (nM). (b) What unit prefix (as
in milli, micro, meg, etc.) would you use before molarity to bring the number into the 1-100 range?
(c) How mary molecuesof cocaine would be presert ina2 L sample of river water?

(@) MW C;H;NO, = 17(12.01 g/moal) + 21(1.008 g/mal) + 14.067 g/mal + 4 (15.999 g/mol)
= 303.40 g/mal

“1.2ng%l1 (10° ¢% 1 mol Y
L & 1ng §303.4Og8

cocainelgiverpo = = 3.955x 10%m
[cocaine] 3.955 x 102 mol/L

$3.955" 10”?mol'$ 1 nmol
% 1L %" 10° mol

z = 0.0040 nmol/L = 0.0040 nM

(b) Recall that molarity is definedasmal/L. Refer back to the concertration of cocaine in molarity:
4.0 x 10 mal/L. The unit prefix thatis neecedis the one thatis equal to 1x 10™ or pico. Using
this prefix, we would say the concertration of cocaine in the River Pois 4.0 pM.

(c) AvogadoOsumber providesthe converson factor betweenthe number of moleculesin 1 male:

(4.0x 102 mol cocainj(2 L)(6'023X 10®molecule

= 4.8x 10 molecdes
1L 1 mol

5. A puddle of seavaterthatis cawght in a depression formedby some coadal rocks at high tide begnsto
evaporate on a hot summer day. If the volume of the puddle decreasesto 23% of its initial volume,
whatisthe concertration of Na" after evaporation? Initial [Na'] = 0.479 M.

The evaporation involvesthe loss of only water, so the molesof Na' in the puddle remain
constart. Sincemolesis relatedto molarity (™/. ) timesvolume (L) then

(Mdilute puddle) (Vinitial) = (Mconcenrated puddle) (Vfinal)
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We also know that Viina = 0.23 Vijitial
(0479 m0|/L) (Vinitial) = (Mconcenrated puddle) (023 Vinitial)

y ) (0_479 mol; L )(Vinitia|)
concertrated puddie ~ (0.23 \'fnitial)

= 2.08™/ = 2.08 M

6. Most fertilizersconsist of nitrogen-containing compounds such as ammania, NH;, urea, CO(NH,),,
ammonium nitrate, NH,NO;, anrd ammaonium sulfate, (NH,),SO,. The nitrogen contert in thes
compounds is neeced for protein synthedsin plarnts. On a per gram bads, which of these compounds
is the most efficient source of nitrogen? Support your arswer with calculations. (In casge youOe
curious, the NPK ratings like 5-5-5 on commerial fertilizers list the weight % of nitrogen
phosphorus, and potassium in that order.)

ammonia: NH; MW = 17.03 g/madl
urea:CO(NH,), MW = 60.06 g/mal
ammonium nitrate: NH,NO, MW = 80.04 g/mal
ammonium sulfate: (NH,),SO, MW = 132.14 g/mal

Calculate the weight % N in each of these three compounds. Think about the mass of one mole of the
compound and the mass of nitrogenin one mole of the compound. The weight percert nitrogenwill
tell you how many gramsof nitrogenare obtainedfrom 100 g of each of the compounds.

(1)(14.0067g)
NH; wt% N = 5= x 100% = 82.25%
17.03 g
(2)(14.00679)
CO(NH,), wt% N = R ———=1 x100% = 46.64%
60.06 g
(2)(14.00679)
NH,NO; wt% N = 2= x100% = 35.00%
80.04 g
(2)(14.00679)
(NH,),SO, wt% N = 2= x100% = 21.20%
132.14 g

So, it should be very clea from the reaults above thatammaonia, NH;, deliversthe most nitrogenper
gramof fertilizer.

7. A problem to appreciate the magnitude of the moleE A pemy has a thickness of approximatly 1.0
mm. (a) If you stacked a mole of pemies one on top of the other on the EarthOssurface, how far
would the stack exterd in km? For comparison, the sun is about 150 million km from Earth, the
neares star (Proxima Certauri) is about 40 trillion km from Earth, and the length of the Milky Way
Galaxy is 10" km.. (b) If all the pemiesin the stack were distributed amang the worldOspopulation
of 6.6 billion peaple, how much would eachperson receive in dollars?

n ()7 23 . % 07 0
(@) 1.0 mméﬁOB( 107 pennies 2 1m0 1km 7 _ 6.023 x 10 km/mal
penny 1 mol &1000 mm&#1000 m&

Sothe stack of pemieswould reachnealy aaoss the Milky Way Galaxy.
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#6.023' 10 pennle& $1
3§° 6.6" 10° people (ﬁoo pennleg

(b) o = $9.1 x 10" perperson

or nearly 1 trillion (1 trillion = 1 x 10%) dollarsper person.

OK, so we could getrealy depressing here and talk about the sizeof the national deft or
the cost of the IraqWar, but we donOtealy needto go thereEj ust celelrate that another
problemsetis over!



