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CHEM 101: PROBLEM SET #2 SOLUTIONS

Due: Wednesday, September 12,2007by 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
Kennedy@ office, the Chemistry Department secretary (Chem 303).

1. Thehumaneyeisacomplexsensing device for visible light. The optic nerve needs a minimum of
2.0x 10" Jof erergy to trigger aseriesof impulsesthat evertually reachesthe brain.

(a) How mary photons of redlight (700. nm) are needed?

Ephoton = h! =™

11034 I 108
(6.6261 10" %] s)(2-9989- 10m/S) _ 5 8ax10% 3
#110° m&

(700. nm)m(

Total energy = (# of phaong (Energy of onephaon)

Ephoton

2.0x 10" J = (#of phobng (2.84 x 10" Jphobon)

(2.01107 )
2.84! 10™ Jphoton

(# of phobng = = 71photons

(b) How mary photons of bluelight (475 nm)?

Ephoton = h! =™

11034 1 108
(66261 10 %) 9(2.998 10'MS) _ 1, 110
#1110° m&

(475 nm)m(

Total energy = (# of phaong (Energy of onephaon)

Ephoton

2.0x 10" J = (#of phobng (4.18x 10" Jphoton)

(2.0110"7 )

# of phoong =
(#of phobng = 2= & 16™ Jphoton

= 48photons

2. Thethreshold erergy requiredto remove anelectron from a solid matrial is called the work function,
#. Work function valuesaregivenin Figure 1-10 of the Star Module for elemerts that are solids at
room temperature. The units are electron volts (eV), wherel eV = 1.6022 x 10 J.

() What gereral trends do you observe in # as a function of the locaion of the elemen in the
periodic tabe? (Look down acolumn or across arow.)
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In general, thework fundion decreases as you go down a colurm in the periodic table
and increases as you go across a row in the periodic table.

(b) If the erergy of incoming radation is greater than the work function, electons will be emitted
from a matrial. Which element(s) will emit electrons in regponse to blue light if the wavelength
of bluelight is 450 nm?

_h" :E

hoton —
P #

E

(6.626" 104 §(2.998" 10°m s‘l)

— — 19
Ebluephoton_ $_|_" 10#9m' = 4414x 107 ]
&

# 8
(4.414% 10% )0 .6012?\1/0_1%( = 28eV

Note tha | waited to roundto 2 significant figures until | had completed the convasion
and had thefind numerical answer. This avoidslaoss of precisionfromroundingtoo
early. Carry extrasig figsthroughyour calculationsand roundwhere you are reporting
paticular numerical answers.

S0, to answer the question, elements with awork fundiontha islessthan 2.8 eV should
emit electronsas arespons to bluelight Looking at thedatain Figure 1-10, these
elements are sodium (Na), potassium (K), rubidium (Rb), cesum (Cs), strontium (Sr),
and barium (Ba).

3. Rubidium (Rb) metal has a work function equal to 2.16 eV. (a) Assuming a 1 photon-1 electron
interacton, how many photoelectons, in principle, will be produced when Rb mel is illuminated
with light having a wavelength of 475 nm and delivering atotal erergy of 8.386 x 10™° J?

$1.602" 10°J'
&—

work fundion = (2.16eV)0/ LoV % = 346x 10™J
0

—p = he (6.626" 10" é(z_ggg- 10fm S—l)
photon =TT = $l" 10#ng
475 Mg 1 om )

= 418x 10" J

Because the energy of each phobnislarger than the work fundion (theenergy needed to
remove an electron from Rb metal), each photon, in prindple, has enoughenergy to
create onephobn. The nunber of phobnsin this burst of lightis determined by thetotal
energy tha thelight carries.

$ 11 16
# phoons = g 8.386" 10 J = 2005phobns

9%.18" 10*° J/photo%

Therefore, in prindple, 2005phodectronswould be created by these 2005phobns



PS#2 solutions
Page 3

(b) How much kinetic energy doesary one photoelectron in thisinstance carry away?
Ephoton = Eo + KEphotoeIectron KEphotoeIectron = Ephoton D Eo
KE otosectron = (4-18X 10 J) B (346x10°)) = 72X 10%°J

(c) Whatisthe velocity (in m/s) of the photoelectron? Hint: To seehow the units come out,
rememter that1J = 1 kg m?s?,

KEhotodectron = 1o MV? where mass of electron = 9.11x 10* kg

2(KE 2(7.2" 10%°kg nts?
Solveforvelodty: V2 = ( ph"me'ec""') = ( J ) = 1.6x 10" m?s?
m (9.11" 10% kg)

v = 1.58" 10"m’s? = 40x10° ms®
A brief comment on sig figs hereEnot e tha in part b, the kinetic energy is limited to 2
sig figs This is because we are doing a subtraction, so the number of decimal places
limits the precision of our answer. Because this kingic energy carries into part (c), our
velodty also becomes limited to only 2 sig figs
4. Use WienOd aw to determine " ., (in nm) for the following stars

(a) Clas K Star, Arcturus, T =4500 K;

_ (2.898mm K) .o (2.898mm K)
max nmax max Tmax
&
" :0;27.898mm K( = 6.4x 10* mm
4500K
$1"10°m'$ 1nm

" = (64X 10" mm) &

% 1 mm z& 10’*9m% - baanm

(b) Class B Star, Regulus, T = 12,000 K;

_ (2.898mm K) . (2.898mm K)
max nmax max Tmax
&
" :0;27.898mm K( = 24x10*mm
12000 K

$1"10°m'$ 1nm
" = (24x10° mm) g
( )S/Lo 1 mm z& 10°m

'% = 240nm

(c) Class O Star, Zeta Orionis, T = 30,000 K.
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_ (2.898mm K) . _(2.898mmK)
max_T max _T

- :(2.898mm K

) = 9.7x10° mm
30000 K

$1"10°m'$ 1nm !
" = (9.7x10° mm) g = 97nm
( )S/Lol mm z " 10’*9m%

A note onsig figshereEt echnically, the precision of theanswer in pat ¢ should be
limited to only 1 sig fig, based ononly 1 sig fig in thetemperature 30,000K. In this case,
| think it would befair to report 2 sig figsto be more consstent with the other answers,
whichiswha | have done

5. (a) Rark these starsin order from cooled to hotted. The starsappear:orarge, red white, yellow, blue.

6.

(b) Which cdor starsemit the highed energy radation? Briefly explain your answers

In agenera sense, the color of thestar can berelated to its surface tempeature by
congdering tha the star is acting as a blackbody emitter. Asthetemperature of the
blackbodyincreases, shorter wavelengthsof light are emitted.

Thewavelengthsof light decrease for the color series:

Red BB orange BB yelow BB blue

White can be placed in this series because a white star will be emitting lots of phobons
across thevisible spectrum, with a dight maximum in the middle, somewhere around
green. So that would place thewhite star in between theyellow and blue stars.

Thus thestarsin rank order from coolest to hattest would be

Red BB orange BB yellow BB white BB blue

And blue stars would emit the highest energy radiation (shortest wavelengthsare highest
energy phoons.

In 1896, E. C. Pickering found a seriesof unidentifiabde linesin the spectrum of a class O star (T ~
30,000 K). The patternof lineslooked similar to that of the hydrogen Balmer series Bohr identified
these linesasbelonging to He" (Z = 2) and showedthat his equation could predct the wavelengths of
these electronic trarsitions. Note: He" is also a one-electron specieslike H.

(a) Calculate the wavelengths of He" emission lineswith n;.4 = 2 and n,; = 3 and 4. Consult the

confererce activity from Exploration 3D of the Star Module if you are not sure how to do these
calculations.

("2.178#10°J)2°
E,= n?2 $E = Ejna PEiisa
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_2.178x108J)(22
, = ( ><22 W% - e 178x10%
"2.178#108J)(2>
E, = ( = )( ) = £0.680x 10%J
"2.178#108J)(2>
E, = ( 7 )( ) = £5.445x 10% ]
Ny = 3aNdNy,y =2 $E = E,PE, = B1.210x 10 J
|$E| = Ephoton = hl = $
6.626" 10°*J §(2.998" 10°m s*
.~ he_ s ms’) _ 1.640x 107 m
" E| (1.210"10™ )
" " $ 1om | _
32 = (1640 10#7m)m2 - 1640 nm
Mgy = 4andng, =2 $E = E,DE, = D1.634x 10 J
|$E| = Ephoton = hl = $
6.626" 10°*J §(2.998" 10°m s*
.~ he_ s ms’) _ 1.220x 107 m

" E| (1.634" 107°J)

$ 1nm '

"2 = (1.220" 10“m)m2 = 1220 nm

(b) Whattype of electomagnetic radation isthis?
Both lines are in the ultraviolet region of the spectrum.
(c) How do these wavelengths compare to transitions betweencorresponding levels in hydrogen?

In genedl, these lines are a highe energy and sharter wavelengths compared to
trangtionsbeween the corresponding levelsin hydrogen.



