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June 12, 2008 / =/ e
Name: /hﬂ = JO "7}”
; -3
(Closed book, but one 8.5 by 11 inch sheet of notes can be used.) [wm = VEZaV.
(5) 1. Alamp emits 1.0 Watt of light at a wavelength of 500 nm. Light is emitted in all
directions with equal probability. The num})er of photons/seconél (A =500 nm) emitted /8,
by the lamp, N, is éﬂ wA . /sec)(500% lp - x )]0 =
/V’ A (Cezorio™? fir'c)(’ A ”’/f/() Z____.___——-—-———-——’ > I
(@) 2.5x103 (b) 25><1o3 (c) 2.5x10"% 25x10‘8
(5) 2. For the lamp in the previous problem, suppose a detector (area = 1 mm?) is placed
at a distance of 1 m from the surface of the lamp. The number of photons (A = 500 nm)
reaching the detect% (N is total n ber emitted by lamp at this wavelength) is
n = J/(z//rﬂz) = A yﬁé/ﬁaﬂmm) ) = 7 e x o y/y
@796x10 N () 1.0x10°N (¢) 1.0x10°N (d N
(5) 3. Which statement below about blackbody radiation is not true?
(a) it corresponds to equilibrium between emission & absorption of radiation b’
(b) it is independent of the composition of the radiation source fee- s e é-/é . ;}{/

6(?? the intensity or radiation increases as (1/A)” at a particular temperature <
)

the wavelength maxima decreases with increasing temperature Zzze

(5) 4. A heated body is assumed to obey the blackbody distribution law. Ata

temperature of 1500 K, what wavelength (in nm) is the emlsswn spectgi,/m of the body at S )
a maximum? /’g v be (é Gl x Jo J srs) 3*/& m/5e &

wax v ffzﬁ /S B8 x/0 2577) [/5mK)

(a) 45 (b) 1030 @ 1920 (d) 7850

/ ?Z O« /d 471
(5) 5. The Bohr model predicts that an electron in the ground state (n = 1) of a
hydrodgen atom orbits the nucleus at a distance of 0.053 nm. For an electron in the n = 3

level, the orbital radius (in nm) would be = A, Z/g, - C 05 3 )(? )// = ST 7 m

(2) 0.0059 (b) 0.159 @(5,477 (d) 1.54

(5) 6. Light of wavelength 420 nm is required to cause photoelectrons to be ejected
from a particular metal surface. If light of wavelength 350 nm strikes the metal surface,
the kinetic energy of the emitted photoelectrons (in eV) will be

(a) no photoelectrons 0.59 (c¢) 1.28 (d) 247 \
| /

4ﬁ ”/Zj+ 7’)[5*’/& /) / - T -q)

zexro s 7 ;7

£ ré 44[& A ) el =y (5%»0‘9 w )
0 [l.coz515 7 )

"

0. 59V



June 17, 2008

Name:

(Closed book, but one 8.5 by 11 inch sheet of notes can be used.)

/4 5 The next three questions concern a traveling wave defined by W(x, t) = 3 cos (2x — 5t)

/ f where x is in ¢cm and t is in seconds.
. | 2o _
rrd - = Ly
25 3 (5) 1. The wavelength, A (in cm) is ,Z/’Za‘/ S z 7 ad

vk 7 @ 05 (b 1.0 (o) 20 @3.14 y
6 ~—3€ (5) 2. The speed of the wave, v, in cm/sec,is 7 x - s = Z Vf 57 [ 4 —_—

)= s Lory
(@) 0.4 25 (¢) 50  (d) speed of light V=g o2 g/;;

(5) 3. Suppose we superimpose another traveling wave defined by
D(x, t) = 3.0 cos (2x + 5t) onto Y(x, t) above. The resulting wave can be written

3%(5X+ §f)+ gém/zx‘gfj y
(a),/ 6 cos (2x) cos (51) (b) 6 sin (2x) sin (5t) ' 5 - - &
@6 cos (2x — 5t) (d) 6cos(2x) = Z g Zx ot 5 E Btin & £t

F Bipn O oS ET eaZcnat
(5) 4. The product of (5-i) and (3 + 2i) is 4 2
- 2
@ B3+7 T+ © 15-2 (@ 17 o & coa_2s o=
(5 -2)(342 ;)= )5-30+007-2:%= |745r
(10) 5. Determine in each of the following cases if the function in the first column is an
eigenfunction of the operator in the second column. (Circle the function in the first
column if it is an eigenfunction — 2pts each.)

2 z
% d/dx Z‘;/" = 2
' 9()() f(/'()» + :ZX’
Xy x(210x) + y(8/dy) = ?;J + }%—ﬂ - X 7 + ﬂ% 77

. 2 4 4 .
sin O cos &100* Z%Z/fg[/); é,/d;;& s - -~ J§C¢

d?/dx? - x° A T
p o vd LT e
s = LA < (5/& i

A ) 42942 A &
Cotin ) o bz

_ed
_ o — g e
2z | _x7. —x_ 7
o e gy ) e T TN
DE e 2 _-,(x@ X X !
S e - xZ 7 T
2y SxE

—xY
P 2~

A
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Quiz #3 p < 7 A
Chem 4120/6120

June 19, 2008

Name:

(Closed book, but one 8.5 by 11 inch sheet of notes can be used.)

1. (8 pts) On the basis of the First Postulate of quantum mechanics, which function(s)
below represent possible solutions, within a normalization constant, on the interval -oo
< x <+w0? (Cjrcle the possible solutions. Mgre than one might be possible.)

. A =0 ; .«) - o
/Mﬂ/

74
(@ 1/x (b) X2 (c) exp(-ax) C@exp(—axz)
7 / ,/,«j :
st

2. (5 pts) Considér the equation, W(x, t) = A exp[+i (kx - ot)] where A isa constjnt. Is
Y(x, t) an eigenfunction of f)\and if so, what is the eigenvalue? ? &

2y

(@ no (b) yes, 1 @yes,ﬂik (d) yes, -hk J lx -ct)
fy- itg e | g

eyt
. . SV IV el
3. (5pts) Is P(x, t) = A exp[+i (kx - ot)] an eigenfunction of the kinetic energy b
operator, R andif so, what is the eigenvalue? (m is the particle mass) + A A ’4'
e

() no (b) yes;+(h kY (c) yes, - (k) @yesﬁ (h k)*/(2m)

A z - Z y ey i

Ko -2 B [ AP) = AL )
4. (6 pts)l%ssume ¢; and ¢, are normalized and orthogonal eigenfunctions of the
operator A with eigenvalues a, and a,, respectively. Suppose we prepare a system in
state v = N(¢; + ¢,) where N is a normalization constant. What must N be in order that

;
y is normalized? (1/ - ,,7/ £, = /ﬂ/ ﬂg// y%y e C=p

@ Y% wz © 1@ 2 sk R ey S
/ 7 V4 4 2

- A
e T
5. (6 pts) Suppose 1000 measurements of A were carried out for a system preparéd in

state y of the previous problem. What would you measure?

(a) All measurements would yield a;
(b). All measurements would yield (a; + a;)/2
oughly half would yield a; and the other half a;
(d) A continuous distribution of values between a; and a,

s @/f/;:;{ I Foen feit 7 e
y

(2(> = 72(;{0 Q’/ ::Z(ﬁ/ “/“/’"z)

777
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Chem 4120/6120
June 24, 2008 A

Name:

(Closed book, but one 8.5 by 11 inch sheet of notes can be used.)

F(x
1. (5 pts) Plotted at right is Pn(x) for a particle A / M%/ )

in a one dimensional box. What is n?

@2 ® 3 © 4 @ 5 , ,

A
|
1 4

P
2. (5 pts) A particle in a one dimensional box of length a is in state ¢;(x) = V2/a /}(/0
sin(3nx/a). The probability of finding the particle between x = 0.31a and x = 0.35a is
2 2 - (7’77 G
Py 4F dxx (a5
(a) -0.125 (b)A.001 (c) 0.125 (d) 0.250 3% 73 73 o 5
3. (5 pts) Suppose we prepared a particle in a box in state F(x) = N(91(x) = 3 d2(x))
where the ¢;’s are energy eigenfunctions (E; = = h?j /(8 m a*) where a is the length of the
box. What is the normalization constant, N? . . /{/ = -3 /M ,,;///%V
“) g
) fre— - ~c
@Nm (b) 16 (c) 1N3 ) 1"V2 / % ?// VL )

4. (5 pts) Repeated measurements of the energy of a particle prepared in the state -~ 4=z /MB
described in the previous problem would yield

(a) the same value every time
(b) E; 33% of the time and E; 67% of the time

%gy answen(e ) s )
Cg) E; 10% of the time and E; 90% of the time
)

a continuous range of values between E; and E; % W‘ﬂw

5. (5 pts) What is the solution for the time dependent Schrodinger equa on, ¥(x, t), for £/ /{
? -
the total energy eigenfunction, ¢3(x) = V2/a sin(3mx/a) /¢ /X/ y )/_ /,? /}{ ) y

(a) ¢3(x) (b) d3(x) sin(Est/R) (c) ¢3(x) cos (Est/h) ¢3(x) exp(-i Est/h)

6. (5 pts) For a particle in a 2-dimensional box of length “a” and width “b”, the energy
eigenfunctions can be written ¢; «(x, y) = N sin(j ® x / a) sin( k 7 y / b) where j and k are
integers (j ranges from 1 to o, k ranges from 1 to o). To insure proper normalization,
what is N?

(@ 1  (b) V2/ab) / (c) /\/ab (d) 2/ab >
o /fzxﬁé () i)

/z/:ﬁﬁﬂﬁﬁ



Quiz# 4
Chem 4120/6120
June 24, 2008 B

Name:

(Closed book, but one 8.5 by 11 inch sheet of notes can be used.)

1. (5 pts) A particle in a one dimensional box of length a is in state ¢3(x) = V2/a
sin(3nx/a). The probability of finding the particle between x = 0.31a and x = 0.35a is

(a) -0.125 @.001 (c) 0.125 (d) 0.250 9/
F“(X) 3 W’, - <

2. (5 pts) Plotted at right is Pa(x) for a particle

s

in a one dimensional box. What is n? ~ T

(@ 2 () 3((c))4 @ 5 . x

3. (5 pts) What is the solution for the time dependent Schrodinger equation, ¥(x, t), for

the total energy eigenfunction, ¢3(x) = V2/a sin(3nx/a)? (Es is the energy.)
)

() ¢3(x) (b) d3(x) sin(Est/h)  (c) ¢3(x) cos (Est/h) /(d)As(x) exp(-i Est/h)

4. (5 pts) Suppose we prepared a particle in a box in state W(x) = N(¢1(x) — 3 $¢2(x))
where the ¢;’s are energy eigenfunctions (E; = h%%/(8 m a%) where a is the length of the
box. Wpat is the normalization constant, N?

é///«fﬂ? ) 16 © INF @ 147

5. (5 pts) Repeated measurements of the energy of a particle prepared in the state
described in the previous problem would yield

(a) the same value every time
(b). E; 33% of the time and E3 67% of the time
4@5 Ei 10% of the time and E3 90% of the time
d) a continuous range of values between E; and E;

6. (5 pts) For a particle in a 2-dimensional box of length “a” and width “b”, the energy
eigenfunctions can be written ¢; «(x, y) = N sin(j 7 x / a) sin( k = y / b) where j and k are
integers (j ranges from 1 to oo, k ranges from 1 to «). To insure proper normalization,
what is N?

(@ 1  (b) V2/@b) /(c)2Nab  (d) 2/ab
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June 26, 2008 A

Name:

(Closed book, but one 8.5 by 11 inch sheet of notes can be used.)

This quiz concerns modeling the conjugated pi electrons of 1,3 butadiene,
(CH,=CH-CH=CH,), 1,3,5 hexatriene (CH,=CH-CH=CH-CH=CH), and
1,3,5,7 octatetraene ((CH,=CH-CH=CH-CH=CH-CH=CH,). Each are modeled as a
1 dimensional particle in a box of length a. Take C=C and C-C bond lengths to be 0.135
and 0.154 nm, respectively. You can assume the pi electrons are free to move over the
entire length of the molecule, but not beyond. Let E, denote the n-th particle in a b% )
energy. &[/5) 2,?/55_,, /5Y = 7’2q,¢w 4
{ /,—77*‘;5'*2 ,-99’,. é/Z?-*’//Zf-* /f‘/)’ 7/311"7
1. (5pts) The box eﬂgt‘hs a, for 1,3 ‘butadiene and 1 3,5 hexatriene (in nm) are:

(a) .135, .154 (b) .154,.135 @424, 713 (d) .713, 424

2. (5 pts) Assuming 2 pi electrons can go into a single particle-in-a-box energy level, tS\e

energy of the HOMO and LUMO levels of 1,3 butadiene are / g pie (e Fron s ¢

@) EiEs @) EuBs (© EsnBi (5 Euks —_
- ; —
3. (5 pts) Repeat the above question for 1,3,5 hexatriene / & Y Aézo,.f )

@ EnE; (b) EaEs @& Es (5) EsE;

4. (8 pts) The wavelength of light (in nm) required to promote an electron from the
HOMO to LUMO levels of 1,3,5,7 octatetraene wouldbe > = 5,3 . 287 = /. QO 2 474

(a) 147 é 368 (c) 452 ) 628

5. (7 pts) Suppose you had a homologous series of conjugated pi molecules such as
those considered above. What would you expect to happen to the wavelength absorption

maxima, Amax as the degree of conjugation increases? - W
; max, g jug / MZM =H p

ase?
4‘ /’ ”% b) Amax increases (c) no change (d) depé%cﬁ on the series
2 z
A = ) & j’?f—-z, ¥ G Rk
nel) ~ a
ek /,7MM ﬁﬂmo) (i)~ 7

A y - /j—£~ = g - g/;/ﬁﬁﬂ f/??% {HLdﬂﬁ_ /4/0”70
4

5 . oz )‘) y/ﬁ//x /(7 )(/6702’*/5/ ) /Ek/a/
2 = "““‘/‘ ’(”Qama "//4’0/‘(67 - [é_ézé*/ﬁ ﬁ/(g&"»/?)

- ;_55r/ﬁ':7ﬂ12 36 c?wx;?



Quiz # 5
Chem 4120/6120
June 26, 2008 B

Name:

(Closed book, but one 8.5 by 11 inch sheet of notes can be used.)

This quiz concerns modeling the conjugated pi electrons of 1,3 butadiene,
(CH,=CH-CH=CH3,), 1,3,5 hexatriene (CH,=CH-CH=CH-CH=CH), and

1,3,5,7 octatetraene ((CH,=CH-CH=CH-CH=CH-CH=CH,). Each are modeled as a

1 dimensional particle in a box of length a. Take C=C and C-C bond lengths to be 0.135
and 0.154 nm, respectively. You can assume the pi electrons are free to move over the
entire length of the molecule, but not beyond. Let E; denote the n-th particle in a box

energy.

1. (5pts) The box lengths, a, for 1,3,5 hexatriene and 1,3 butadiene (in nm) are:

(a) .135, .154 (b) .154,.135 (c) .424, .71313, 424

2. (5 pts) Assuming 2 pi electrons can go into a single particle-in-a-box energy level, the
energy of the HOMO and LUMO levels of 1,3,5 hexatriene

(a) EL,E, (b) EaEs @ By, B4 (5) Eu, Es

3. (5 pts) Repeat the above question for 1,3 butadiene

(a) EI’E2@E2’ E3 (C) E3"E4 (5) E4, E5

4. (8 pts) The wavelength of light (in nm) required to promote an electron from the
HOMO to LUMO levels of 1,3,5,7 octatetraene would be

(a) 147 (b) 368 (c) 452 (d) 628

5. (7 pts) Suppose you had a homologous series of conjugated pi molecules such as
those considered above. What would you expect to happen to the wavelength absorption
maxima, Amax as the degree of conjugation decreases?

rorlA5C2
(a)/Amax-thereases- (b) Amay increases (c¢) no change (d) depends on the series
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Quiz#6 A /gfﬁ/ G.07x
Chem 4120/6120 Jont /O o
July 1, 2008 7
Name:
(Closed book, but one 8.5 by 11" sheet of notes can be used.)
(5) 1. The molar masses of H and F are .001 and .019 kg/mole, res;}ectwely The /educ d o/ 7)
mass,  (in kg), of a single HF molecule is - Mz - /1,4& ;
1 e, G842 () (.02 X202
(ay1.58 x 1077 (b)1.14 x 102 (c) .001 (d) 00686 / -7
/. ggy / 0
(5) 2. Plotted at right is the probability distribution —
of a classical harmonic oscillator versus x with energy
¢ = 7Thv/2. Superimpose on this the probability
distribution of a quantum oscillator with v = 3 (same
energy as above). Your plot does not have to be
exact, but should be quahtatwgly correct.
/M% M Y4 m) 8z /4
(4) 3. Consider \¥(6,6) = A sm@ ¢, Is this an eigenfunction of L,? If so, what is the
eigenvalue? Z 1/"-”1/{677///?557“;/}‘“ ,,f/z)/’ﬂ‘/’zfs/’ -Hf"}[ -l
(a) no (b)yes, -h yes, +h  (c) yes, + 2k’ 3. ?é e
(5) 4. Shown at right is the microwave J ,,7/ / ‘L 27 Z
spectrum of CO (absorbance versus < [2? -
wavenumber, ¢ (in cm™)). The peak -
denoted by * corresponds to which initial , | Al ! WO (em” I )
rotational level, J? O 3.86 7.2 /.58
@@ 0 @ 2 © 3 (b) 4
-2
(7) 5. On the basis of the above figure, the bond length of CO (in nm) is .
A = Q&L/gﬁz = [IT
‘ 0.113 (b) 0.127 (c) 0.343 (d) 1.13 “ lgor10” )/z:zzd z}
(4) 6. The IR spectrum of CO provides what useful information about its structure?
(a) stretching force constant  (b).molecular polarizability
(¢) bond length d) both (a) and (c)
/) - 31
5 - G 67610 T Al
_ ) -1 /7 ry = Yy C,({/ZB) /5?475){5*/‘7 "'){/ !‘/vm/b‘
Qﬁ’]‘b’é"”‘ g ‘7[”&7 . Z
e [T » 1 WA_{
R )27 KO m ' . L prad

>V~//5y/ﬂ = m """"
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Quiz #7 b
Chem 4120/6120
July 8, 2008 A
Name:

(Closed book, but one 8.5 by 11 inch sheet of notes can be used.)

1. (5 pts) It is impossible to solve the time independent Schroedinger Equation of
Helium exactly because

(a) The Born-Oppenheimer Approximation does not apply in this case.
(b It is impossible to write down an exact Hamiltonian.
he electron-electron repulsion term makes the problem unsolvable.

(d) The nuclear charge is too large.

2. (5 pts) For H, the average distance of an electron from the nucleus in the ground
electronic state, <r>y;, is 3ay/2 where a, is the Bohr radius. What is <>, for Li*%?

(a) ay/9 @o © 3ap?2 (d) 9a
<, 2( “”) = Ko/

3. (7 pts) Accordmg to the Aubfau prlnc1ple what is the electronic configuration of

Promethium, Pm atomic number = 0 ;
55 3 5. T4, Tp, 53,9475, Cs, 547

,WJM 7, Lwd,, /X,

4. (6 pts) The first ionization energy of Boron (atomic number = 5)is 8.3 eV. The
effective charge, Z (in units of the protonic charge), seen be the outermost elecfron is Z

Z, ¢ 222
(a) 1.00 @ 1.56  (c) 243  (d) 4.00 L= 27"2( ,:) 5 Tt
Z,-Zﬁ’

5. (7 pts) Consider the term symbols: 'Sy, °S,, 3p,, 3p., 'D,. D,, 3Gs correspondmfgf{o 2y ,/;Q
a particular Aufbau electronic configuration. You can assume the valence orbital is e
less than half full. According to Hund’s Rules, the energy of these states in order of

mcreasmg energy is %WS%&
(a) lSO<3S <Pw<P<D2< D, < <3Gs éé LA//M
(b) D2 3G <38, <’p, <3p, <! So<'D

(©) °Gs<’D, < 31)2<3P<S,< D, <'s, é\—%ﬁ}.ﬂf’/%f{
@G5<D<P, P, <3S, <'Dy < 'S, %f/ '




~Z5 T
wt= 1627 %g;/,%yx/a ya
-/ -39
// g Zj /53,20 4 = 4.626% [0 ?77'5‘4’(
Quiz # 8 c /0 - %/7 7O

Chem 4120/6120 5

July 17, 2008 A _z
/e = g e

Name:

(Closed book, but one 8.5 by 11 inch sheet of notes can be used.)

1. (5) Suppose you draw a card from a standard deck of 52 cards which contains 13
cards of each suit (clubs, spades, diamonds and hearts). The probability of selecting a

card from a particular suit (a diamond, for example) is , ﬁ a 5

(@) £8T7 () 00192 (c) .0417 @.250

4G5x 07
2. (5) The probability of drawing 5 cards from a standard deck that are all of the same g
suit (this is called a “flush”) is i3\/i1Z jl _/f / AN
r={z ) g/\50/97/(9%
L0827 (b) 0.0192  (¢) .0417 (d) .250 5;1& ,
5xsp” 7 ) A \ _
77 /Mam/ eeor! \?5)(/& 4
3. (5) Consider the 7 letters Q, U, A, N, T, U, M. The number of different letter 4

combinations you could write down from-these sev 1S is
{ 7%47 Sod 2 e :
@l @G 7 @ T2 (d) TY2!5H £

4. (5) Consider, the energy level distribution »

~_shown at right. The temperatureisTand | e
3 =1/kgT. The partition function, Q, is ) )
' 26t — Lt € 7 Z

(@ 1 bV — — S bcts &)

(b) 1+ePo+e?e , ; _

(c) 1+2ePeye2Pe or— — — /E'M 6»0)

(d)) 3 +2eP°+ &2
5. (5) Atvery high temperature, the average energy for a particle from the previous M )
problem would be <é> ] (;)7,(»0 L O*E A / /ZE)

T e
(@ 0 @28/3 (c) & (d) 2¢ . dEe 2,
- 7 3z

6. (5) How many “accessible states” does a Helium atom have which is confined to a |
dimensional particle in a box of length a=1 cm and T = 298 K9 (The atomic weight of

Helium is .004 kg/mole.) o g
/. 980

4 | g

(@ 356x107 (b) 1.56 /(0) 328F (@) 7.73x 1% A _zi’f , f)()
' — % a0 L) (295X

27 m A5 7T (0 1625)/ ;%E/%Z’Q (17" K) -

A ] MRS NS 7T R
7/ / h* (4.626¢1 7 ) ME”%\(&:W)
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Quiz #9 0 = p 02X
Chem 4120/6120 F %" p

&

July 22, 2008 A - 447 " Z/sz

Name:

(Closed book, but one 8.5 by 11 inch sheet of notes can be used.)

This quiz concerns NO gas at 20 °C. Let qei, Quibs Grot» and qyrans denote the single
molecule partition functions associated with electronic, vibrational, rotational, and
translational states. You are provided with the following information: Molecular Weight
=30 gm/mol, degeneracy of ground electronic state = 2, bond dissociation energy, Dy, =
628 kJ/mole, vibrational temperature, 0,, = 2719 K, rotational temperature, 0;, = 2.45 K.
D /IRT (. 25xtoS 5.319)(z737%)

1) (5 pts) What is q¢? 74//% 2”6 ' T XC 257% Dx J0 e
fom = A

S e
(@2x10" b2 () 3x10° xlo*“2

2) (5 pts) What fraction of NO molecules are, m the v=1vib tlonal leyel? (The lowe 7
energy vibrational level is v =10.) p, i /( /ﬁ1 T, Z ;E’ /S.‘r & (’ s

25
b4x 107 4 _ & o S
.4x10 (b) 9.4x10%  (c) .037 (d) .9999 ~ v, @% o310
3) (5 pts) What is qror? ?ﬂ% = T/,g/ =120

(a) 9.66x 107 (h),aa-@ 120 (d) 3.56x107
Z

4) (5 pts) What is quans/V Where V is the container volume? (In this i)rob; e, you need 4
! 217»1 A ;/L 2l A, J Jsec )
to be careful about units!) ;_lf / ﬂ? / ) /Z F9¢10 7oz >y —

(@ 1.5x10% (b) 3.7x 10"’ (c) 1.43 x 10 kg/sec ' 43 x 107 m? -
5) (5 pts) The average thermodynamic energy/mole (in kJ/mole)? // ;5 [0~

M ERT 2 o628 s 3293 i5) = 62574

(a) -634 (b) -638 @-622 7d) +622 sz

6) (5 pts) What is the molar heat capacity at constant pressure, C,, in J/mole K?

(a) 12.47 (b) 20.79/ (c)/29.10 (d) 3741

gp;[ﬂﬁ:g,@ﬂr Zp =z ! M
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Name: //D = 7

(Closed book, but one 8.5 by 11 inch sheet of notes can be used.)
This quiz concerns the deuterium (D) isotope reaction

H,(g) + D,(g) «— 2HD(g)

You are given: Dy(H,) = 464 kJ/mole, 6,(H,) = 6210 K, 0,(H;) = 85.4 K. Also let R,
denote the equilibrium bond length and k the vibrational force constant.

1) (5 pts) Which molecular, parameters are the same, to a ve ood approximatiop, fW
H,, Dy, and HD‘7 /Qp J
b IR %/

(a) none / (b kandRe (¢) k,Re, and Dg (d) k R, Do 0., and 0,
. & (HD) 7(%) o 2 _4.(v) //JV -
2) (5 pts) What are 6,(HD) and 6,(D5) in K? m) /7(‘717) 9// Z, (Hz) 4,7/9) 2

(ay 64.05,42.70 (b) 854,854 (c) 98.6,1208 (d) 113.9,128.1 405,
‘ , g, (#0) _ |4 - _g6b G5 - 707
3) (5 pts) What are 0,(HD) and 6,(D;) in K? =— 2, %; )~ ,,/N,,)) / 5?‘/("{{-

() 4650,3105 (b) /5378, 4391 (c) 6210,6210 (d) 7170, 8783

p ,
4) (5 pts) What is ((q(HD)z/(q(Hz) q(D2)))trans for the gljove rea(}: }on‘7 ?' [~
_?_ =/ )75

() 0.838 (b) 1000@1 193 (d) 1.250 ( #D )

5) (5 pts) What is 2Do(HD) — Dy(H,) — Dy(D;) in kJ/mole at 298 15 K?

(a) +464 (b) 4.37 @0.644 (d) -4.37

6) (5 pts) Without doing a lengthy calculation, what is the approximate Keq for the
reaction at the top of the page around T = 1000 K? (\/,_,,a
' 57 HD)

‘ Y
(a) 0.00 (b) 025  (¢) 1.00 4‘00 /226”3( (9;)




Chem 4120
First Problem Set

(“Quantum Chemistry and Spectroscopy”, by T. Engel, 2006)

Chapter 1) 1,2,3,4,6,7,8,9,10,11,12,13,15,17,19,20,21,22



Chem 4120
Second Problem Set

(“Quantum Chemistry and Spectroscopy”, by T. Engel, 2006)

Chapter 2) 4,5,6,7,8,9,10,11,12,14,15,16,17,18,21,22,23,29,30

Extra Problem -

A water wave moves in the +x direction atemussshi@eispe and the distance between
wave crests is 3 m. The crests of the wave have an amplitude of 0.2 m and it takes 5

seconds between wave crests to pass a fixed point in space. What are the wavelength, A,
and the frequency, v, of the wave? Write down an expression for this traveling wave.



Chem 4120
Third Problem Set

(““Quantum Chemistry and Spectroscopy”, by T. Engel, 2006)

Chapter 4) 2,4,6,8,12,15,20,24

Chapter 5) 3,4

Extra Problems

1

2)

3)

4)

5)

A simple and approximate model of the electronic properties of linear conjugated
models may be obtained by modeling the = electrons as a particle-in-a-box.
Basically, the actual, but very complicated potential of the = electrons is replaced
with a much simpler particle-in-a-box potential. The single (C-C) and double
(C=C) bond lengths are .148 and .134 nm, respectively, and can be used to
estimate the size of the box. Model the energy levels of 1,3,5 hexatriene and
1,3,5,7 octatetraene as particles in a box. As a consequence of the Pauli
Exclusion Principal, only two electrons can occupy a single state. Identify which
particle-in-a-box energy levels are filled for both of these molecules.

The lowest energy electronic transition frequently corresponds to an electron
absorbing a photon and moving from the HOMO (highest occupied molecular
orbital) to the LUMO (lowest unoccupied molecular orbital). For the 1,3,5
hexatriene and 1,3,5,7 octatetraene particle-in-a-box models considered in the
previous problem, estimate the wavelength of light, A, necessary to promote an
electron from the HOMO to LUMO level.

What happens to A as the degree of conjugation increases? Can you give a simple
physical explanation for why graphite is black?

Calculate the allowed energies and energy eigenfunctions for a particle
constrained to move on a ring of radius R. The Hamiltonian (energy operator) is

&

H = ———
 87’mR* 86°

where 0 is an angular variable with a value between 0 and 2x and ‘¥(0) = ¥ (2n).

Use the particle-on-a-ring model to model benzene. Make a reasonable estimate
of R and predict the wavelength of the lowest electronic transition of benzene.



Chem 4120
Fourth Problem Set
(“Quantum Chemistry and Spectroscopy”, by T. Engel, 2006)
Reading: Chapter 5, pages 61-68; Chapter 6, pages 81-92
Problems: 6-2, 6-4, and 6-7
Extra Problems

1) Derive an expression for ox0;, for a particle-in-a-box model for arbitrary n.

2) Model a solvated electron as a particle in a 1 dimensional box of side length a,
and quantum number n. If the average energy equals kgT/2 and n = 5, what must
abe? (The idea here is that an electron will behave classically if n is fairly large
and its average energy approaches the classical value expected from equipartition.

This problem should give you a rough idea about the length scale required in
order for an electron to behave like a billiard ball.)



Chem 4120
Fifth Problem Set
Vibration and Rotation
(“Quantum Chemistry and Spectroscopy”, by T. Engel, 2006)
Reading: Chapter 7: (entire); Chapter 8: Sections 8.1, 8.3, 8.4, 8.6, 8.9

Problems: Chapter 7: 1,3,7,17,19, 20
1,3,6,1

7,17
Chapter 8: , 3,6, 14

Extra Problems

1) The solutions for the time independent Schrodinger equation for the rigid rotor
are called spherical harmonics, Y1 "(6,$), and some examples are given on page
116 of Engel. Using these, show by direct integration that Y, 1(6,0) and Y2’(0,9)
are normalized and orthogonal. (The domain of integration for 0 is from O to =
and the domain of integration for ¢ is from O to 2. Also, this involves a two
dimensional integration where dxdy — sin 6 d6 d¢.)

2) Evaluate explicitly/l\Z YL"(0,0) and 1% Y.™(8,) for (L,m) = (1,1) and (2,0). These
are the same spherical harmonics considered in the previous problem. The
angular momemtum operators in spherical polar coordinates are

7 - _inl

z a¢

7 = —hz[ ! —‘?—(sin(e)ij+ ! —8—2-}
sin(¢) 86 06) sin“(0)0¢-




Chemistry 4120/6120
6™ Problem Set
Hydrogen, many electron atoms

Reading: Chapter 9 (entire), Chapter 10, Sections 10.1 through 10.6

Problems: Chapter 9: 1,2,3,4,6,7,8,9,12,15,16,19
Chapter 10: 2,3,4,8

Additional Problems:

1) Calculate the average kinetic, <K>, and potential, <V>, energies of an electron in the 1s
orbital of hydrogen. The “virial theorem” in classical mechanics states that if the potential
energy, V(r), is a function only of distance, r, and V(r) =k r™!, (k and n are arbitrary constants),
then <K> = (n+1)<V>/2. Is the “virial theorem” obeyed in quantum mechanics, (at least for
hydrogen in its ground state)?

2) Determine whether the py and py orbitals are eigenfunctions of 1,. If not, does a linear
combination exist that is an eigenfunction of 1,?

3) The ‘size’ of an atom is sometimes considered to be measured by the radius of a sphere that
contains 90% of the charge density of the electrons in the outermost occupied orbital. Calculate
the ‘size’ of a hydrogen atom in its ground state according to this definition.

4) Is an electron further from the nucleus, on average, when it is in a 2s or 2p orbital?

S) According to the Aufbau principle, estimate the ground state electronic configurations of: O,
Sc, Cu, Zn, Eu, Bk, and the (undiscovered) superheavy element with atomic number 126. (Glenn
Seaborg, who is credited with the discovery of a number of the transuranium elements, believed
that elements with atomic number around 126 should be stable, but none has ever been found in
nature or “synthesized” in a cyclotron or supercollider.)



Chemistry 4120/6120
7" Problem Set

Term Symbols, Introduction to Chemical Bonding

Reading: Chap. 10 (Section 10-7), Chap. 12 (entire), Chap. 13 (Sections 13-1 through 13-7)

Problems: Chapter 10: 18
Chapter 12: 2,4
Chapter 13:  5,6,7,8,9,10,11,12



Chemistry 4120/6120
8" Problem Set

Introduction to Statistical Thermodynamics

(Note that we are now using the “green” book: “Thermodynamcis, Statistical Thermodynamics,
and Kinetics,” by Thomas Engel & Philip Reid)

Reading: Chap. 12 (Sections 12.1, 12.2, 12.3), Chap. 13 (Sections 13.1, 13.2.1, 13.4), Chap. 14
(entire)

Problems: Chapter 12: 1,3,7,9,11,14
Chapter 13:  7,9,10,11,14,16,20
Chapter 14:  2,5,6,8,14,18,24,26



Chemistry 4120/6120
9™ Problem Set
Statistical Thermodynamics — Chemical Equilibrium
(Note that we are now using the “green” book: “Thermodynamcis, Statistical Thermodynamics,
and Kinetics,” by Thomas Engel & Philip Reid)
Reading: Chap. 15 (entire)

Problems: Chapter 15: 4, 5, 6, 15, 24, 31
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acy is attained. The behavior of C,,.,/R as a function of temperature is shown in
19.1. Tt is clear from the figure that at all values of T/, > ~ 1.2, the heat capacity has
1ed the classical value, R. Suppose that we estimate the value of 6, for a molecule such
O. Since m = (0.028 kg/mol)/(6 x 10?3/mol) ~ 5 x 1072¢ kg, then I = mr? ~
1072° kg)(107 ' m)®> ~ 5 x 107*% kg m?2, and

0 — (1 x 10734 J 5)? N
"7 2(5 x107**kgm?)(1 x 10-23 J/)K)
» actual values of 0,, as well as 0, are given in Table 29.1. Except for those diatomic

cules containing hydrogen, the values of 8, are indeed about 1 to 2 K. Thus these
cules have the classical value of the heat capacity at any temperature above about

1 K.

When 6,/T < 1,we canreplace the sumin Eq. (29.55) by anintegral. Lety = J(J + 1);
dy = (2J + 1) dJ. But since J is an integer, the difference between successive values is
us dJ = 1 and therefore dy = 2J + 1. Using this result in Eq. (29.55) and replacing
nation by integration, we obtain

e e}
q, = f e YT dy = T_ 2”§T (29.59)
o 6, &
Table 29.1
Parameters for diatomic molecules
BD/K Or/K re/pm DO/IO_IQJ
H, 6210 854 74.0 7.174
N, 3340 2.86 109.5 15.637
0, 2230 2.07 1204 8.196
CO 3070 2.77 112.8 17.798
NO 2690 242 115.0 10.426
HCl | 4140 15.2 127.5 7.109
HBr 3700 12.1 1414 5.071
HI - 3200 9.0 160.4 4.892
1, 810 0.346 198.9 3.985
Br, | 470 0.116 2284 3.158
I, 310 0.054 266.7 2474

From T. L. Hill, Introduction to Statistical Thermody-
namics. Reading, Mass.: Addison-Wesley, 1960.




