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CHEM 101: PROBLEM SET #3 SOLUTIONS
Due: Wednesday, September 19, 2007 by 11 AM.

1. How areionsformedin stars? You know thatforming anion requiresenergy, caledtheionization
erergy. Somesourcesof erergy thatyou maybe famiiar with are eledrical energy and light erergy.
A sourceof erergy availabdein starsis thermal energy, which is associated with the motions and
cadlisions of atomsin agasand is closely connectedwith temperature. Thethemal erergy of astar
increagswith its temperature.

a) Consider the following informaton about the relative strengths of spectral linesdue toionsin stars
Ratonalizethisinformation using what you know about stellartemperaures(Tade 2-1 in the
Star Module) and ionizaion erergies(Tale 3-1 in the Star Module€).

¥Spectral linesof Si* are stronged in Class A stars
¥Spectral linesof Si#* arestronged in Class B stars
¥Spectral linesof Si** arestronged in Class O stars

In order to see spectra lines of Si*, there mug be enoughthermal energy present to ionize
Si. Likewise, in order to see spectral lines of Si**, there mugt be enoughthermal energy
toionize Si twice, tha isto remove 2 electrons This, of course, requires more energy
than to simply remove oneelectron. To observe Si**, three electronsmus beremoved,
which requires even more energy. Thus Si** should only be observed in the hottest stars.

According to thestar classification, Class OBAFGKM stars are ordered in terms of
decreasing temperature. Asthestar temperature decreases, lessthermal energy is
available, and fewer electronscan beremoved from silicon. Thus Si* isobserved in the
coolest star, Si** in thestar with highe temperatures, and Si** only in the hottest stars.

b) The spectral linesof Ca" are stronged in Class G and K stars the linesof Si* are stronges in A
stars and the linesof He" appearin Class O stars Does this patternagree with whatyou know
about the stellar temperaturesand with the trendsin ionizaion energesin Figure 3-6 of the Star
Module? Explain your reasoning.

Theenergy required to form these ionsin starsis determined by therelative ionization
enegiesof Ca, Si, and He. Therelativeionization energiesincrease going from Ca< Si
< He aswe areremoving an electronfrom a4sorbita (Ca), a3p orbital (Si), andals
orbital (He). Theorbital energies become increasingly more stable (lower in energy) as
theelectronisfoundcloser to thenudeusin the atom based on thefact tha the princpd
guantum numbers are decreasing.

Theefore, highe stellar temperatures should berequired to provide therequisite thermal
energy to ionize silicon compared to calcium and even highe temperatures (higher
amount of thermal energy) should berequired to ionize hdium.

Again, according to the OBAFGKM classification (decreasing temperatures from O to
M), Ca’ isin fact, observed in the cooler stars (Class G and K) compared to Si* (Class A),
and He" isonly observed in the hottest stars (Class O).

2. Inlecure, Arwyn mertioned that the wavelike propertiesof moving electrons canbe demmstrated by
observing electron diff racion from the reqularly repeaing 3-D arrangemert of atomsin crystals.
Another related techique is neutron diffr acion, which utilizesthe wavelike propertiesof abeamof
moving neurons. Both of these techmiquesprovide complemertary informaion to X-ray diffracton,
the most common method of determining molecuar structures A common wavelergth usedin X-ray
diffractionis 1.54 « . (a) To aclieve a DeBroglie wavelength of 1.54 « | how fas must a neutron
move? (b) To whatvelocity must electrons be accekratedto achieve this same wavelength?
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3. Lakbel eachof the following sets of quantum numbers as ALLOWED or NOT ALLOWED for a
wavefunction in the hydrogenatom. For any setthatis not allowed, state why.

an=2/¢=0m =0

ALLOWED. Thisisa2sorbital.
byn=3/¢=3m=-2

NOT ALLOWED. Themaximum possible valueof ¢ is(nD1) or 2in this case.
con=57¢=2m =4

NOT ALLOWED. If / =2,thenm; = -2,-1,0,+1, +2 and NOT +4.

4. How mary electrons canhave the sets of quantum numbers?

ayn=3/,=2m=1m=+Y,

Each electron mug have a uniqueset of 4 quantumnunmbers, n, 7, m; , and ms according
to the Pauli ExclusionPrincple. Therefore, only 1 electron can have this particular set of
guantum numbers.

by n =2

If n=2, then ¢ can equd 0 or 1, corresponding to 2s and 2p orbitals. Since each orbital
can hold 2 electrons and there isone2sorbital, and three 2p orbitals, then atota of 8
electronscould have the quantum nunber n = 2.

c)n=3,¢=2

Sincem; = -2,-1, 0, +1, +2 for thiscombinaion of n and 7, there are 5 possible orbitals
withn = 3,/ = 2. Based onthisresult and recallinqthat orbitals can hold upto 2
electrons(onewith spin +/, and the other with spin -'/,), there are 10 possible electrons
tha could be described by this set of quantum numbers.

5. Considerthe valence atomic orbitals of nitrogen, fluorine,and phosphorus. (@) Draw apicture of a2p
orbital on nitrogen Use shadng or two differert colors (like theimagesfrom Spartan) to indicae
where the amplitude of the wavefunction changessign. (b) Draw a2p orbital of fluorine, making
clearany differercesbetweenthe 2p on N and the 2p on F. (c) Finally, draw a 3p orbital of
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phosphorus. Again, use shadng to indicat where the amplitude of the wavefunction changessign
ard indicate how this orbital comparesto the othertwo.

First some general comments aboutthis problem. | was basically looking for a picture of the
gpatial distribution of where theelectronislikely to be In other words what is the characteristic
shgpeof ap orbital andwhat istheeffect of theincreasing number of nodes as n increases?
Nodes are indicated bdow by dashed lines. Theother characteristic tha varies for these three
orbitalsisoverall size. Theconnetion to size can beundestood by realizing that each of these
orbitalswill have adifferent energy.

For example, the 2p orbital is highe in energy than a 2p orbital in fluorine You mightask how
do | knowthis? Well, theionization energy of fluorineis subgantially larger than theionization
energy of nitrogen. In each of these cases, theionization energy shoud tell me something about
orbital energy, sincein each case, | would removea 2p electron when theatomisionized. The
reason that fluorinehas a highe ionization energy is tha the outer electronsin fluorinefeel a
very largeeffective nudear charge (Z«) and thusare attracted more strongly to thenudeus The
large Zg« pullstheelectronsin closer to the nudeus, making thefluorineatom smaller than a
nitrogen atom (despite thelarger number of electrons). This same effect shrinksthe orbital size
aswell.

a) N 2p orbital b) F 2p orbital

6. For eachof the following atoms or ions, write the ground state electron configurations. You may use
the shorthand noble gasconfiguration to indicate the core electron configuration.

a) S [Ne] 3s3p

b) Fe [Ar] 4S3cf

c) Ge [Ar] 4$3d°4p

d) Al [Ne] 3s3p"

e) Sg [Rn] 7s’5f“6d*

f) P [X€] 65450
Don®forget thefilled f and d shdlsl They are not pat of the[Xe] core, althoughthey do
behave like core electrons

g) Se€°  [Ar] 453d°4p°

h)y Eu®*  [Xe€] 654



