29.2  (a) Longest wavelength implies lowest frequency and smallest energy: " E(eV)
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(b) The biggest energy loss is for an atom to fall from an ionized configuration,

Hl=2oo
to the 1 = 2 state
It loses energy _136ev + 13.;2eV =| 3.40 eV

he (6626x10™ J-5)(3.00x10° m/s)
to emit light of wavelength A=—= 5 =| 365 nm
AE  (3.40eV)(1.60x107 J/eV)

29,5 (@) The photon has energy 2.28 V.

And (13.6 eV)/ 2% = 3.40 eV is required to ionize a hydrogen atom from state # = 2. So while the
photon cannot ionize a hydrogen atom pre-excited to # = 2, it can ionize a hydrogen atom in the

= state, with energy

1366V _ 151y
3
(b) The electron thus freed can have kinetic energy K,=228eV-151eV=0.769eV = %mev2

2(0.769)(1.60x107%) ]

= 520km/s
9.11x10™ kg

Therefore, D= \/
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In the 3d subshell, #=3 and =2,
we have g 3 3 3 3 3 3 3 3 3
J4 2 2 2 2 2 2 2 2 2
my +2 +2 +1 +1 0 0 -1 -1 -2
i +1/2 -1/2 +1/2 -1/2 +1/2 Af2 +1/2 -1/2 +1/2
(A total of 10 states)
In the 3p subshell, n=3 and §=1,
we have n 3 3 3 3 3 3
£ 1 1 1 1 1 1
m, +1 41 40 o+ -1 4
M, +1/2 -1/2 +1/2 1/2 +1/2 -1/2
(A total of 6 states)
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Using integral tables, j|!;/| av = “02[6 [r +agr + 2)]0_[ 21 > _

so the wave function as given is normalized.

Foyp2320/2 = 4ﬂja3;a/;/2| wirdr= 475[L].[3“°/ 22220 gy

may® Faof2

Again, using integral tables,

P, =5 e %] 12+ gyr+ -2 =-—
gy [2—3ay 2 2 [ ( K )] 2
A 2/ ™

=| 0.497
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This is true, so the Schrédinger equation is satisfied.
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29.10 =
¥ \/5(2%)3/2 a4
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80 P = 47:1’2‘ w? ‘ = 4m2r—5e‘”“°
24 a4
Set i 4—7:5[41*35””“0 + r4(— l)e’r /a0 ] =0
dr 244, g
Solving for r, this is a maximum at| r =4qg |,
2941 t,, = J'WrP(r)dr = J.m ﬁ (e~ /%) gy
) =~ Jo 0 aﬂ3
Make a change of variables with 2r =x and dr = %dx
Ty

Then Ty = %j: xe dx = %[_x%_x N 3(_x2e—x +2e7 (- 1))“: -
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(a)

(b)

_he _1240eV nm _ n=w— 0

E AE

A A 2nd Excited State - -0.100 eV
1st Excited State 1%‘78 ~-1.00 eV
Ay =310 nm, so  AE;=4.00eV nm
Ground State— 410 eV
Ay =400 nm, AE, =3.10 eV 310400
A3 =1378 nm, AE; =0.900 eV

and the ionization energy = 4.10 eV

The energy level diagram having the fewest levels and consistent with these energies is shown at
the right.

For the d state, £ =2, L= J6# [=258x107] s

For the fstate, £ =3, L= 000+ Dh=| 12% |=365x10M ] s

In the N shell, n=4. For n=4, { can take on values of 0, 1, 2, and 3. For each value of £, m; can
be -£ to £ in integral steps. Thus, the maximum value for m, is 3. Since L, =mfi, the maximum

value for L, is L, =| 3% |

The 5th excited state has 1 = 6, energy % =-0.378 eV

_ he (6626x107]:5)(3.00x10° m/s)
The atom loses this much energy: .= (1090 107 m) (1.60 100 J/eV) =114 eV

to end up with energy -0.378 eV -1.14 eV = -1.52 &V
which is the energy in state 3: - 13'633V =-151eV
3

While n =3, £ canbe as large as 2, giving angular momentum JBE+ DR =| Joh




2917 (@) n=1: For n=1 £=0,m,=0, ms=i%
g my ;g
1 0 0 -1/2
0 0 +1/2
Yields 2 sets; 2% = (1) =
b n=2: For n=2,
we have
n ! my ;g
2 0 0 2
2 1 a2
2 1 0 2
2 1 +1/2
yields 8 sets; 2* =22/ 5 8

Note that the number is twice the number of m, values. Also, for each ¢ there are (20+1)
different m, values. Finally, £ can take on values ranging from 0 to n-1.

So the general expression is number = H%IZ (20+1)
The series is an arithmetic progression: 2+6+10+14...
the sum of which is number = %[2&; +(n—-1d]
where a=2,d=4: ruu::lrlber:g[4+(n—1)4]=2n2
(© n=3: 20+2(3)+2(5)=2+6+10=18 m* =2(3)> <[ 18
d n=4: 2(D +2(3)+ 2(5)+2(7) = 32 2n* =2(4)% = 32
() n=5: 32+2(9)=32+18 =50 212 =2(5)° = 50

2921 (a) 1522322;74

(b) For the 1s electrons, n=10=0m=0, my=+1/2 and -1/2
For the two 25 electrons, n=240=0m=0, m,=+1/2 and -1/2
For the four 2p electrons, n=2%40=1m=-1,00orl;and m =+1/2 or -1/2



2924 (a) For electron one and also for electron two, #2 = 3 and £ = 1. The possible states are listed here in
columns giving the other quantum numbers:

electron | ™ 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0
one m | L | YL 1y 1 1y 1) 1911111
i 2 2 2 2 2 2 2 2 2| 2 2 2 2 2
electron | ™ 1 0 0|1 |11 0 0 | -1 |-1/|1 1 [ I R |
two SOV N R W T G W O O A
& 2 2 2 2 2 2 2 2 2 2 2 2 2 2

o
=
o
=
N
L
L
N
L
N
L
L

L

L

glectron | ™| O

one mo | Lyt b1 b1 1 1 1 1)1
§ 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
electron my | 1 1 0|11 1 1 0 0 |- 1 1 0 0 |-
two m | L | X)Lty b 1 11 11 ) 11
51 2 2] 2 2 2| 2 2| 2 2 2| o 2 2| 2

There are thirty allowed states, since electron one can have any of three possible values for m, for

both spin up and spin down, amounting to six states, and the second electron can have any of the
other five states.

(b) Were it not for the exclusion principle, there would be | 36 | possible states, six for each electron
independently.

2927 (a) n+{ 1 |2 |3 4 5 6 7
subshell |1s |25 |2p,3s |3p,4s |3d,4p,5s |4d,5p, 65 |4f,5d,6p,7s

by Z=15: Filled subshells: 1s, 25, 2p, 3s
(12 electrons)
Valence subshell: 3 electrons in 3p subshell
Prediction: Valence = +3 or-5
Element is phosphorus,  Valence = +3 or -5 (Prediction correct)
Z =47 Filled subshells: 1s, 2s, 2p, 3s, 3p, 4s, 34, 4p, 5s
(38 electrons)
Outer subshell: 9 electrons in 44 subshell
Prediction: Valence =-1
Element is silver, (PredicHon fails)  Valence is +1
Z=286: Filled subshells:  1s, 2s, 2p, 3s, 3p, 4s, 34, 4p, 5s, 4d, 5p, 6s, 4f, 5d, 6p
(86 electrons)
Prediction Outer subshell is full: inert gas

Element is radon, inert  (Prediction correct)
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29.45 We use W (r) = %(27: 303) (2 - a_) ~r/24
0
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By Equation 29.6, P(r)=4r r2w2 =

ool -

dP(r) _

)
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The roots of fi_on at r=0, r=21; and r=c areminimawith P(r)=0
¥

(a)

Therefore we require [..... 1= 4—(67'/410)+(r/a0)2=
with solutions r= (3 = \/g)ao

We substitute the last two roots into P(r) to determine the most probable value;
When r=(3-/5)ay =0.763% g, P(r)=0.0519/a,

When r=(3+/5)a, =5.2364, P(r)=0.191/a,

Therefore, the most probable value of r is (3 ++/5 )ao =| 5.2364

2
®) [P@)dr=|" 8[ 212-_] 1% dr
]

==

.[WP(r)dr=J-mlu2(4—4u+u) Hdr= I Lot 4P e “du———(u +d4u> +8u18)e¥| =1
0 08 8 b

This is as desired |,
29,50 P= JW 4?' ‘Z’I“Odf—— e~%dz where z=
) 2504, ﬂo 500

P=-1(2+224 2], =201+ (2504100 +200)c™® (37)(000674) 0.125




