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CHEM 101:  PROBLEM SET #2  SOLUTI ONS 
Due: Wednesday, September 12, 2007 by 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 
KennedyÕs office, the Chemistry Department secretary (Chem 303). 

1.  The human eye is a complex sensing device for visible light.  The optic nerve needs a minimum of  
2.0 x 10-17 J of energy to trigger a series of impulses that eventually reaches the brain.   

(a) How many photons of red light (700. nm) are needed?   

Ephoton  =  h !   =  
h c
"   

Ephoton  =  

  

(6.626 ! 10 " 34J s)(2.998 ! 108 m/s)
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=  2.84 x 10-19 J 

Total energy  =  (# of photons) (Energy of one photon) 

2.0 x 10-17 J  =  (# of photons) (2.84 x 10-19 J/photon) 

(# of photons)  =  
  

2.0! 10" 17 J( )
2.84! 10-19 J/photon

  =  71 photons 

(b) How many photons of blue light (475 nm)?   

Ephoton  =  h !   =  
h c
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Ephoton  =  

  

(6.626! 10" 34J s)(2.998! 108m/s)
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=  4.18 x 10-19 J 

Total energy  =  (# of photons) (Energy of one photon) 

2.0 x 10-17 J  =  (# of photons) (4.18 x 10-19 J/photon) 

(# of photons)  =  
  

2.0! 10"17 J( )
4.18! 10-19 J/photon

  =  48 photons 

2.  The threshold energy required to remove an electron from a solid material is called the work function, 
#.  Work function values are given in Figure 1-10 of the Star Module for elements that are solids at 
room temperature.  The units are electron volts (eV), where 1 eV  =  1.6022 x 10-19 J.  

(a) What general trends do you observe in # as a function of the location of the element in the 
periodic table?  (Look down a column or across a row.)  
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In general, the work function decreases as you go down a column in the periodic table 
and increases as you go across a row in the periodic table. 

(b) If the energy of incoming radiation is greater than the work function, electrons will be emitted 
from a material.  Which element(s) will emit electrons in response to blue light if the wavelength 
of blue light is 450 nm?  

!  

Ephoton = h" =
hc
#

 

!  

Eblue photon =
6.626" 10#34J s( ) 2.998" 108m s-1( )

450 nm( ) 1" 10#9m
1 nm
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  =  4.414 x 10-19 J 

(4.414 x 10-19 J)

!  

1 eV
1.602" 10-19J

# 

$ 
% 

& 

'  
(   =  2.8 eV 

Note that I waited to round to 2 significant figures until I had completed the conversion 
and had the final numerical answer.  This avoids loss of precision from rounding too 
early.  Carry extra sig figs through your calculations and round where you are reporting 
particular numerical answers. 

So, to answer the question, elements with a work function that is less than 2.8 eV should 
emit electrons as a response to blue light.  Looking at the data in Figure 1-10, these 
elements are sodium (Na), potassium (K), rubidium (Rb), cesium (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 
interaction, how many photoelectrons, in principle, will be produced when Rb metal is illuminated 
with light having a wavelength of 475 nm and delivering a total energy of 8.386 x 10-16 J?   

work function  =  
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2.16 eV( ) 1.602" 10#19J
1 eV
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)   =  3.46 x 10-19 J 

Ephoton  =  h!   =  
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hc
"

  =  
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6.626" 10#34J s( ) 2.998" 108m s-1( )
475 nm( ) 1" 10#9m
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$ 

% 
& 

'  

( 
) 

  =  4.18 x 10-19 J 

Because the energy of each photon is larger than the work function (the energy needed to 
remove an electron from Rb metal), each photon, in principle, has enough energy to 
create one photon.  The number of photons in this burst of light is determined by the total 
energy that the light carries.  

# photons  =  

!  

8.386" 10#16 J
4.18" 10-19 J/photon
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( 
)   =  2005 photons 

Therefore, in principle, 2005 photoelectrons would be created by these 2005 photons. 
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(b) How much kinetic energy does any one photoelectron in this instance carry away?   

Ephoton  =  Eo  +  KEphotoelectron  KEphotoelectron =  Ephoton Ð  Eo 

KEphotoelectron =  (4.18 x 10-19 J)  Ð  (3.46 x 10-19 J)  =  7.2 X 10-20 J 

 (c) What is the velocity (in m/s) of the photoelectron?  Hint: To see how the units come out, 
remember that 1 J  =  1 kg m2 s-2. 

KEphotoelectron =  1/2 m v2  where mass of electron  =  9.11 x 10-31 kg 

Solve for velocity: v2  =  

!  

2 KEphotoelectron( )
m

  =  

!  

2 7.2" 10-20kg m2s-2( )
9.11" 10#31 kg( )

  =  1.6 x 1011 m2s-2 

   v  =  

!  

1.58" 1011m2s-2   =  4.0 x 105 m s-1 

A brief comment on sig figs hereÉnot e that 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 kinetic energy carries into part (c), our 
velocity also becomes limited to only 2 sig figs. 

4.  Use WienÕs Law to determine " max (in nm) for the following stars.   

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

!  

Tmax =
2.898 mm K( )

" max
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" max =
2.898 mm K( )

Tmax
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" max  =  (6.4 x 10-4 mm)
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)   =  644 nm  

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

!  

Tmax =
2.898 mm K( )

" max
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" max =
2.898 mm K( )

Tmax
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" max =
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" max  =  (2.4 x 10-4 mm)
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)   =  240 nm  

 (c) Class O Star, Zeta Orionis, T = 30,000 K. 
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!  

Tmax =
2.898 mm K( )

" max
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" max =
2.898 mm K( )

Tmax
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"max =
2.898 mm K

30000 K
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" max  =  (9.7 x 10-5 mm)
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1" 10#9m

$ 

% 
& 

'  

( 
)   =  97 nm 

A note on sig figs hereÉt echnically, the precision of the answer in part c should be 
limited to only 1 sig fig, based on only 1 sig fig in the temperature 30,000 K.  In this case, 
I think it would be fair to report 2 sig figs to be more consistent with the other answers, 
which is what I have done. 

5.  (a) Rank these stars in order from coolest to hottest.  The stars appear: orange, red, white, yellow, blue.  
(b) Which color stars emit the highest energy radiation?  Briefly explain your answers. 

In a general sense, the color of the star can be related to its surface temperature by 
considering that the star is acting as a blackbody emitter.  As the temperature of the 
blackbody increases, shorter wavelengths of light are emitted. 

The wavelengths of light decrease for the color series: 

Red  ÐÐ>  orange  ÐÐ>  yellow  ÐÐ> blue 

White can be placed in this series because a white star will be emitting lots of photons 
across the visible spectrum, with a slight maximum in the middle, somewhere around 
green.  So that would place the white star in between the yellow and blue stars. 

Thus, the stars in rank order from coolest to hottest would be: 

Red  ÐÐ>  orange  ÐÐ>  yellow  ÐÐ> white  ÐÐ>  blue 

And blue stars would emit the highest energy radiation (shortest wavelengths are highest 
energy photons). 

6.  In 1896, E. C. Pickering found a series of unidentifiable lines in the spectrum of a class O star (T ~ 
30,000 K).  The pattern of lines looked similar to that of the hydrogen Balmer series.  Bohr identifi ed 
these lines as belonging to He+ (Z = 2) and showed that his equation could predict the wavelengths of 
these electronic transitions.  Note:  He+ is also a one-electron species like H. 

(a) Calculate the wavelengths of He+ emission lines with nfinal = 2 and ninitial = 3 and 4.  Consult the 
conference activity from Exploration 3D of the Star Module if you are not sure how to do these 
calculations.   

!  

En =
" 2.178#10" 18J( )Z2

n2    $E  =  Efinal Ð Einitial 
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E2  =  

! 

"2.178#10"18J( ) 22( )
22   =  Ð2.178 x 10-18 J 

E3  =  

!  

" 2.178#10" 18J( ) 22( )
32   =  Ð9.680 x 10-19 J 

E4  =  

!  

" 2.178#10" 18J( ) 22( )
42   =  Ð5.445 x 10-19 J 

ninitial  =  3 and nfinal  = 2  $E  =  E2 Ð E3  =  Ð1.210 x 10-18 J 

|$E|  =  Ephoton  =  h!   =  

!  

hc
"

   

"   =  

!  

hc
" E

=  

!  

6.626" 10#34J s( ) 2.998" 108m s-1( )
1.210" 10#18 J( )

  =  1.640 x 10-7 m 

" 3Ð>2  =  

!  

1.640 " 10
#7

m( ) 1 nm

1" 10
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)   =  164.0 nm 

ninitial  =  4 and nfinal  = 2  $E  =  E2 Ð E4  =  Ð1.634 x 10-18 J 

|$E|  =  Ephoton  =  h!   =  

!  

hc
"

   

"   =  

!  

hc
" E

=  

!  

6.626" 10#34J s( ) 2.998" 108m s-1( )
1.634" 10#18 J( )

  =  1.220 x 10-7 m 

" 4Ð>2  =  

!  

1.220" 10#7m( )
1 nm

1" 10-9m
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)   =  122.0 nm 

 (b) What type of electromagnetic radiation is this?   

Both lines are in the ultraviolet region of the spectrum. 

 (c) How do these wavelengths compare to transitions between corresponding levels in hydrogen?   

In general, these lines are at higher energy and shorter wavelengths compared to 
transitions between the corresponding levels in hydrogen. 

 


