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3.67:4.67:1 01 11:14:3, so the empirical

The mole ratio of C:H:O 1s
i 0s. il .
- empirical formula is 194 g/mol, which is half o

f the .
The molar mass O o
. 6 g/mol Therefore, the molecular formula of the comp
388.46 g/mol. ,
C2H2s0s. N
1A3

1A5

1A.7

1A.9

FOCUS 1
ATOMS

(a) Radiation may pass through a metal foil. (b) All light
(electromagnetic radiation) travels at the same speed; the slower speed
supports the particle model. (c) This observation supports the radiation
model. (d) This observation supports the particle model;

electromagnetic radiation has no mass and no charge.

All of these can be determined using E = hvandc = vA.
(a) No; speed is constant (c). (b) No; voc A7, (c) Yes. The electrical
field corresponds to the amplitude; as the frequency decreases the waves

broaden and the extent of the change (the slope of the wave) decreases.

(d) No; E «cv.

microwaves < visible light < ultraviolet light < x-rays < y-rays

2.998x10° m-s™

C
A=5= = 42x107 m = 420
¢ v 7.1x10" s en o
8 -1
by 2 =& = 28O MS s 100 m = 150 pm
v 2.0x10"s

All of these can be determined using E = hvand ¢ = vA. For example, in

the first entry frequency is given, so:

1= S _ 2998x10°m-s™
v

TPy i 3.4x107 m = 340 nm;
A XK s

Md E = hy = (6.626x10™ J-5)8.7x10%s) = 5.8x107° ]
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Microwave popcorn

Dental x-ray

r energy

quantum aumber for the lowe
line. Thus, for the Lyman
n =2, for

ach of these series, the principal
ch absorption

n = 1; for the Balmer series,

1A.11 In¢

level involved is the same for ea

series, the lower energy level is
ckett series, B = 4.

ra
Paschen series, 7 = 3; and for the B

( ) g g 2

one can calculate A4 from th

il L_L]
v=RE n |
8 -
andc=v}u=2.997 92 x10" m-s

1 _1_);{
C="H(;§‘ ni

15 -1 [— 2’
2.99 792 x 108 m-s" = (3.29 x 107 s )(1 2

e relationship ¢ = vA.

2=121x107 m=121nm

(b) Lyman series

(c) This absorption lies in the ultraviolet region.

as the Lyman series)

trum of atomic hydrogen (known

1A.15 The ultraviolet spec
has n, = 1; 80, for a line at 102.6 nm:

2.998x10' m'ST _ 9922,10" 57
299810 m S

102.6x10” m

=

L8
A
using the Rydberg equation

we can now solve for 7, :

1A.17

1B.1

1B.3

1B.5
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=m(i 1\,% 1 1 %4

v ——1; _1_ Vv
n ’122J 2 1* R
15 ~1
iz: _2::;.92:;2)(1?5 S_, =0.112
n2 . X]O S

The transition is n, =1 to n, = 3.

For hydrogenlike one-electron ions, we use the Z-dependent Rydberg
relation with the relationship ¢ = Av to determine the transition
wavelength. For He', Z=2.
y= e LA (22)(3.29 x 10" s")[l—i) =9.87 x 10" Hz
Lnf n J ' [0 P AR
2.997 92x10° m-s™
9.87 x107 s

by =3.04 x10% m=30.4 nm
14

(a) False. The total intensity is proportional to 7*.(Stefan-Boltzmann
Law) (b) True. (c) False. Photons of radio-frequency radiation are

lower in energy than photons of ultraviolet radiation.

The photoelectric effect (d) best supports the idea that EMR has the
properties of particles. To explain the photoelectric effect, Einstein
proposed that EMR consists of particles (or packets) of energy called

photons, each photon having a fixed energy equal to Av.

The energy is first converted from eV to joules:
E=(140.511x10° eV) (1.6022 x10™ J.eV™')=2.2513x10™ J

From E = hv and ¢ = vA we can write
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|
| 1B.11 Using Wien’s law: T4__ = constant =2.88 x10” K-m

P
E |
_ (6.626 08 x 10747-5s) (29917 92 x 10° m-s™) A =850 nm=8.5x .
2.2513x10'14 J i 2
_2.88x10 'K.m
thenT = =3400 K
85 b 4 10-? m

_3.8237 x10™'2 m or 8.8237 pm

E = h ) W an Write | |
e | 1B.13 Wien’s law states that T4_, = constant =2.88x10~ K-m

1B.7 (a) Fromc= vA and
E=hcl
=(6.626 08 x 107 J-5)(2.997 92 % 10°) (589 x 10 m)” If T/K =1540°C + 273°C =1813K, then 4__ = 2.88x107° K -m
=337x107 A =1.59x10 m, or 1590 nm e
This wavelength falls in the infrared region.

_3 \ .
(b) E =(M J (6.022 x 107 atoms-mol™)
k22.99 g-mol~ Na

x (337 %107 J-atom™)
=44.11]

1B.15 (a) Use the de Broglie relationship, A = hp™" = h(mv)™
m, =(9.10939 x 10 g) (1 kg/1000 g) =9.109 39 x 10™*' kg
3 -
(3.6x10° km-s™) (1000 m-km™)=3.6x10° m-s™
A = h(mv)™

02 atoms -mol " )(3.37 % 107 J -atom™ )
6.626 0810 J-s

(©) E=(6.022x1

~2.03%10° Jor 203 kJ
(9.109 39 x 10—31 kg) (3.6 X 106 m- S_l)
1B9 32W=32 J.sec”',so in 2 seconds 64 J will be emitted. , ) -
| .0 X 10 m
For violet light (4= 420 nm = 420 X 10~ m) the energy per photon is: |
E=hcA” | (b) E=hv
_ (6626 08 x 107 J-5) (2:997 92 10%) (420 x 10”° m)" — (6.626 08 x10™ J-5) (2.50x 10 s™)
_ 47x10™ J-photon™ =1.66x107" J
qumber of photons = (64 J) @.7%x1077 -photon™)”
—1.4 x 10* photons (c) The photon needs to contain enough energy to eject the electron fi
on from
1mol the surface as well i
tes of photons = (1.4 x 10 photons __._—-—————~) 25 to cause it to move at 3.6 x 10° km -5
moles of photons = (1.4 x 107 pho )k 6.022 x 10° photons involved is the ki 6x10° km-s™. The energy
e kinetic ene .
rgy of the electron, which equals % ml.

~2.3% 107 mol photons
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~1.66x10777J +-1imv2

Ephoton
~1.66%107" J+—1£(9.109 19 x10™" kg) 3.6x10° m-s™)

=1.66x10™" J+5.9><10’18 J

~225x107"7 ]

But we are asked for the wavelength of the photon, which we can get from

E = hv and c=VA or E=hc/l—1.

225x107" kg-m’ .5 =(6.626 08% 10 kg-m*-s™)

x (2.997 92 % 108 m-s)A™
2=88x%x10" m

=8.8 nm

(d) 8.8nm is in the x-ray/gamma ray region.

1B.17 The de Broglie relationship, 4 = W = h(mv)", states that the wavelength

portional to its mass. Therefore, th
length than the lighter person

of a particle is inversely pro e heavier

person (80 kg) should have a shorter wave

(60 kg) if they are moving at the same speed.

1B.19 The wavelength for both proton and a neutron can be calculated using

the de Broglie relationship; thus:

Aproton = B ¥
_ 6.626 08 x10™" J-s
(1.673x 1077 kg) (2.75% 10° m-s™)
—1.44 %10 m = 1.44 pm.
Autron = B ron?)

‘neutron

) 6.62608x 107 15
(1.675% 107 kg) (2.75% 10° m-s™)

~1.44x10"2m=1.44 pm.

The wavelength of a proton and a neutron are identical to 3 significant

figures.
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|

set of units, in this case, SI units

(5.150 L
unce) (28.3 g-ounce™ ) (1kg/1000 g) = 0,146 kg

(92}1“)( 1h 1km )(1000m
3600s /| 0.6214 mi 1 km =41m-s™

Use the de Broglie relationship.
A=hp™ =h(mv)"
= h(mv)™'
6.626 08 x107* J-s
(0.146 kg) (0.041km -s™")
_ 6626 08 107 kg-m*-s™
(0.146 kg) (41m-s™)
=1.1x10* m

1B.23 From the de Broglie relationship, p = hi™
] or h = mvA, we can calculate

the velocity of the neutron:
h

T m
| - (6.626 08 x10™* kg-m” -s™")
2
(1.674 93 x 107 kg) (100 x 10~ m)
=3.96x10’ m-s™

v

(remember that 1J =1kg-m?*-s7?)

1B.25 The un i —
certainty principle states th -
at = :
ty ApAx > f; so, for an electron

Ap = m Ay, then m A —1 |
AV, AVAY=—F =— i
5 and Av = ; if we assume that the

2m

e

lead =
atom Ax =350 pm = 350 x 10" m.

Rememberin
ing that 1J = 1kg-m” s, gives

h=(1.054 457x10™J -s) Lkg-m”-s™
o | = 1,054 457107 kg-m? s
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Then
A 1( 1054 457 x10~*kg-m’ -5 )
V="
51(9.109 38 x 10" kg)(350 x 107" m)J

Av = 1.65 X 10°m-s~

1B.27 The minimum uncertainty in the position of the bowling ball can be

calculated using the uncertainty principle:

Ax—l( h )_1(1.054 457x10~3‘kg-m2-s—‘)
=2 \mav) 20 (800 ke)5:0 m-s")

Ax=13%x107m

For movement between energy levels separated by 2 difference of 1 in

1C1 (a)
ssion 18

principal quantum number, the expre
AE=E..~E :(n+1)2h2__n2h2 =(2n+1)h2
=B =g 8ml 8mL

9K’
For n=4andn+1=5,AE=——2—
8mL

he 8mhcL 8mcl’
Then A =Tp =g 9k

n becomes

For an electron in a 150. pm box, the expressio
1) (150 x 107 m)’

5 - 8(9.109 39 x 10" kg) (299792 x10°m-s
0 9(6.626 08 x 107 J-s)

— 824 x 107 m=8.24 nm.

(b) Do the same as in (a):

2
n=3andn+1=4,AE=—7—h—2—
8mL

Aa=F= 7@ Tk

nin a 150. pm box, the expression becomes

For an electro

—-——-—T»—
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8(9.10 Bl
14,3 = ( 9 39 X 10 kg) (2.997 92 X 108 m .S_l) (150 X 10—12 m)2
7(6.626 08 x 107 J -5)

=1.06 x 10°* m = 10.6 nm.

n, =1, n,=2 is degenerate withn, =2, n, =1

n =1, n, =3 is degenerate with n, =3, n, =1
s Ty —

n =2, n,=3 is degenerate with n, =3, n, =2
y fhy ™

1 :'5 (El) CIC C pl 1 C pzl S ( ) tlu“ (d)’ n:des arc 'llEIE tlle

wavefunction is zero:

1.42 ==
y "'v.\\ : !
\
\"-,\ n=2
) n=3 b
‘I’(x)/m'l/ 2 \
0.00 I 3
i A /
]
! 4
| /
I | /
| S
I i
|
-1.42 ! :
0.00 . : =
0.333 0.500 0.667 1.00

x (m)
(b) for n = 2 there is one node at x = 0.500 m
(c) for n = 3 there are two nodes, one at x = 0.333 and 0.667 m
(d) the number of nodes is equal to n —1 ‘

Refer to the plot below for parts (¢) and (f):




T 0.50 0.75

x (m)

( )

@ = 0.50, and 0.83
(Hforn=32 particle is most likely to be found at x=0.17,

m.

o Yol
1C.7 Integrate over the “left half of the box” or from 0 to 72

2
K% =%If(sinﬂzl) dx

nrx X\
) —ﬂ%-cosﬂ-sin——f+5) X
~L\\2n7 L L .

given n is an integer:
1
2 5{2) X 0} !
LI\ 2 2

1D.1 () Energy will increase
n=1ton=2). (¢) ] increases (from /=

(energy is @ function of n). (b) n increases (from

0 for s to /=1 for p)- (@) radius

increases (radius is a function of n).
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1D.3 The equation derived in Example 1D.1 can be used:

-2(0.55a,)/a,
€ 070

W (r=055a,,0,4)  rma;

w*(0,6,9) 1
ra,

1D.5 To show that three p-orbitals taken together are spherically symmetric,

=0.33

sum the three probability distributions (the wavefunctions squared) and
show that the magnitude of the sum is not a function of & or ¢.

p, =R(r)Csinfcosg

p, =R(r)Csinfsing

p, =R(r)Ccosb

where C = (i)
47

Squaring the three wavefunctions and summing them:
R(r)*C*sin® @cos® ¢+ R(r)* C? sin’ @sin* ¢+ R(r)* C* cos’ 6

= R(r)’ C*(sin’ O cos’ ¢ +sin Osin ¢ + cos” 0)

= R(r)*C* (sin2 t9(cos2 ¢ +sin’ ¢)+ cos’ 9)

Using the identity cos® x +sin® x =1 this becomes

R(r)’C? (sin2 0+ cos’ 9) = R(r)*C*

With one electron in each p-orbital, the electron distribution is
not a fuction of @ or ¢ and is, therefore, spherically symmetric.

ID.7 (a) The probability (P) of finding an electron within a sphere of radius a,

may be determined by integrating the appropriate wavefunction squared
from0toaq,:




| I
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This integral is easier to evaluate if we allow the following

change of variables:
2r . z=2whenr=ao,z=0whenr=0, anddr=(£2°—)dz

Z=""" -
a
2

]

_1 2, -
P“ELZ exp

(—z)dz = ——12- (2 +2z+2) exp(—2)

= -12[((4 +4+2)exp(-2))~ 2]
~0.323 or 32.3%

(b) Following the answer develéped in (a) changing the integration limits

to 0 to 2 a,:

(a)
z=4whenr=2ao,z=0whenr=0, anddr=k%}dz

4

14 1
=5 !0 z*exp(—z)dz = —E(z2 +2z+ 2)exp(——z)\

0

= —12[(26 exp(—4)) - 4]

—=0.761 or 76.1%

9

1D9 (a)ls 2p

Py
99

(b) A node is a region in space where the wavefunction y passes through

0. (c) The simplest s-
ane, and the simplest d-

orbital has zero nodes, the simplest p-orbital has

orbital has two nodal planes. (d)

one nodal pl
rbital would be expected to

Given the increase in number of nodes, an f-0

have three nodal planes.
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9 b 2

orbitals
1D.13 :
(a) sevenvalues: 0,1,2,3,4,5,6; (b) five values; —2,-1,0,1,2
thr ' s s — 1, U 1, 2] (C)
ee values: —1,0,1; (d) four subshells: 4s,4p, 4d, and 4 f

1D-15 =0, =1, == — - — n= = 3
b 3 ;

1D.1 - -
7 (a -1,0,+1;, (b) -2,-1,0,+1,+2; (c) -1,0,+1;
(d -3,-2,-1,0,+1,+2,+3. |

orbitals
1D. X
21 (a) 5d, five; (b) 1s,o0ne; (c) 6f, seven; (d) 2p, three
1D.23 (a)3; (b) 1; (c) 4, (d) 1
1D.25 ist; i
(a) cannot exist; (b) exists; (c) cannot exist; (d) exists

lEol E y i i b 3

All
of these are the same for a hydrogen atom. (Exercise 1D.1)

= . !
) ::ijnc attractions and repulsions. There will be one attraction between
N .eus and each electron plus a repulsive term to represent the

r etract1.0n between each pair of electrons. For lithium, there are three
protons in the nucleus and three electrons. Each attractive Coulomb

potential will be equal to

(—e)(\+3@ _ -3¢*

4”80’” drgyr
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where —e is the charge on the electron and +3e is the charge on the
aucleus, &, is the vacuum permittivity, and r is the distance from the
attractive potential will thus be

electron to the nucleus. The total

—3é’ -3¢’ -3¢ 32 \(1 1,1
+ + = —t—+—
Amer, Aregr, ) \A7E J\T rn, h

4megn

The repulsive terms will have the form

(—o)-e) __¢€
Ameyry, — 4EoTa
presents the distance between tW

where 7, 1€ o electrons a and b. The total

repulsive term will thus be

e e & S (1 11
—t + = — p—t—
AmEy, 4meghs A7E Ty Ame,\ 1y Ts o

This gives
1)

(32)1 1 1) ¢ (4 1

V(r)= ——-Jk—+-—+—J+-——— -—~+~+-J
4re, )\T, T r, 4\ Ty, ra T

(b) The first term represents the coulombic attractions between the

d term represents the coulombic

nucleus and each electron, and the secon

repulsions between each pair of electrons.

1E5 (a) False. Zgg is considerably affected by the total number of electrons

present in the atom because the electrons in the 1

«“ghield” the electrons in the higher energy orb

effect arises because the e-
(b) True.

e repulsions tend to
(c) False. The electrons are

electron to the nucleus.
eus as | increases. (d)

increasingly less able to penetrate 10 the nucl

True.

d) is the configuration expected for a ground-

state configurations.

1E.7  Only (
all represent excited-

ower energy orbitals will
itals from the nucleus. This

offset the attraction of the

state atom; the others
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n-Ln=4,s0l =3.

1E.11 (a) sodium [Ne] 3s'
(b) silicon [Ne] 3s23p?
(c) chlorine [Ne] 3s*3p*
(d) rubidium [Kr] 55"

1E.13 i
(a) silver [Kr] 445"
(b) beryllium [He] 252
(c) antimony [Kr] 44552 5p3
(d) gallium [Ar] 3d°4s4p'
(e) tungsten [Xe] 4f14 5d4 6S2
(f) iodine [KI'] 4d10582 5p5

1E‘15 C i . V (¢}
5 mum
lEn 7 a M

1E21 @) 3; () 2; (c) 3; (d) 2
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1E.23 Unpaired

Electrons

Electron Confi, iguration

[Ar] 34" 4s”4p

[Ar] 3d"°4 45™ 4p’

Ar] 3d°4s” 4p’
[Ar] 3d°4s?4p*
[Ar] 3d" 4s* 4p°

10 1
B _pdinst; (d) (n—bdoms
1£25 (a) ns's (®) nstnp’;  (€) (n )
m) > chlorine (99 pm);

: 18 pm) > sulfur (104 p .
ilicon (118 pm) (129 pm) > cobalt (125 pm);

1F1 (@) st
(b) titanium (147 pm) > chromium N
(c) mercury (155 pm) > cadmium (152 pm) > zin
c

110 pm)
(@ bismuth (182 pm) > antimony (141 pm) > phosphorus (

1F3 P> s >Cl’

1F5 (a) Ca; (b) Na; (c)Na

-1y > tellurium (870
(1310KkJ .mol™) > selenium (941 kJ -mol ) > 1€
1F.7 (a) oxygen
KJ - mol™); ionization en

(b) gold (890 KJ -mol

ergies generally decrease as one goes downa
1y > osmium (840 kJ - mol™") > tantalum
s e goes from
761 kI mol™); ionization energies generally decrease as one g 2
( b, (c) load (716 J -mol ™) > barium (50

i 1 jodic t
right to left in the pert '
g ionization energies generally

'y > cesium (376 kJ -mol )1

. = AL 8
decrease as one goes from right to left in th

kJ - mol periodic table.
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1F.9 The first ionization energy for sulfur and phosphorus atoms are nearly the

same, despite sulfur having a larger Z_;; this is due to greater electron-

electron repulsions in S, making the energy of the outermost electrons

higher than predicted. Once the first electron is removed, the Z ; becomes

the predominant factor and the remaining electrons are held tighter due to

the smaller size of the S*ion as compared with the P ion; this is reflected

in the much greater second ionization energy of sulfur as compared with

phosphorus.
1F.11 (a) iodine; (b) they are equal; (c) sulfur; (d) they are equal

1F.13 (a) The inert-pair effect is the term used to describe the fact that heavy
(period 5 and greater) p-block elements have a tendency to form ions that
are two units lower in charge than that expected based on their group
number. (b) The inert-pair effect is presumed to only be observed for
heavy elements because of the poor shielding ability of the d electrons in
these elements, enhancing the ability of the s electrons to penetrate to the

nucleus and therefore be bound tighter than expected.

1F.15 (a) A diagonal relationship is a similarity in chemical properties between
an element in the periodic table and one lying one period lower and one
group to the right. (b) It is caused by the similarity in size of the ions. The
lower-right element in the pair would generally be larger because it lies in
a higher period, but it also will have a higher oxidation state, which will
cause the ion to be smaller. (c) For example, Al** and Ge* compounds

show the diagonal relationship, as do Li* and Mg**.

1F.17 Only (b) Li and Mg exhibit a diagonal relationship.
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1F.19 The ionization energies of the s-block metals are considerably lower, thus

making it easier for them to lose electrons in chemical reactions.

©) metal; (d) metalloid; (e) metalloid;

1F21 (a) metal; (b) nonmetal;
(f) metal

2, so the fifth line in the spectrum should be

11 For the Balmer Series 1, =

= 7. Using the Rydberg equation we get

3 (1 15 -1 (_1__ _1_)__ 14 -1
_ _15_ ) (3'29“0.5 ) s ~755%x10"s
2

§ 1
ﬂzizﬂ%ﬂﬁz_ﬁ?ﬁ‘l‘%ﬂgwm” m =397 nm
1% 7.55%x107"s
er photon is:

13 Forlight with a wavelength of 633 nm the energy p

E=hcA”
_ (6.62608%10”
~314x10™"° 7T photon™.

*3-s) (2 99792 x 10° m-s)(633x 10° m)™

The total energy produced is

(3.14x107] .photon™) (2.4 % 10* photons) =750 J.
|
|

15 @

L(. nx)( 27r-x)
j sin—— |*| sin dx
0 L L
L( ﬂx) L(. 37z-x)L
= | sin— sin

2T L 6r L

=0

0

the first two wavefunctions describing the one-

a-box and the product of these two wavefunctions.
tly cancels the area

(b) Below is a plot of

dimensional particle-in-

ea above Zer0 in the product exac

Notice that the ar
aking the integral of the product zero. This happens

below zero, m:
by a reflection through the

a wavefunction that is unaltered

whenever

1.7
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ug

cen
ter of the box (wavefunctions with even »)

Wn=1 ! B
(W"=1)(Wn=2)

(a) Evaluatin i
g the integral =
‘ gral for an n =1 to n = 3 transition:
Isin (ﬂ) - X - sin (—37”)
A L L
r 27
_ 2
872 (cos( I j + 7er sin szj -
r 4rx
4
3077 [cos( 5 j+ Lx sin 4zx]
L

=87:2(1 +0)-- 2(1+0){ -(1+0)— 2(1+0)}

=0

between the #n = 1 and n = 3 states.
(b) Again, evaluating the integral:

L
. (7x 2
din|-ZZE |y usin| 2Z=
! (LJ i S'“[T]
_L (1( zx
== | ~| cos| ZX |+ 2L gjn| 22 1 3 L
% (Lj L Sm( L D_E(COS( ij+3zx sin(?’ﬂxJD
L

0

Given the L?
term, we se i
e that the integral, and therefore /, will increase as

the length of the box increases.
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1.9 A 2px orbital has two lobes, one that has a wajefunction with a positive o s e L Focus 1 Atoms 71
sign and one with a wavefunction with a negative sign. Thus there is a /2 iy 3 ol™") = molar mass (g-mol™)/density (g-cm™)
or 0.50 probability that an electron excited to the 2px-orbita1 would be L olar vol. Elchente BNa ol
found in the region of space for which the wavefunction has a positive B; 13 Na 24
sign. 4.87 M
= 4.38 Alg ;49'2
111 The peaks observed in the PES spectra correspond to orbital energies; for I(\:I 5.29 Si 1.2-1
each energy value seen, a corresponding orbital is present. Thus, if two 16 P 17.0
values are seen in the PES spectrum, that atom has two orbitals (a 18 and a & 14.0 S 15.3
2s); each PES value observed corresponds to the ejection of all electrons F 17.1 Cl 21.4
from that orbital. The PES value observed is approximately equal to the - 16.7 Ar 24.1
jonization energy of the first electron t0 be removed from that orbital;
differences that are seen are due to the differences in how the various
measurements are made. See Figure 1F.10 and Appendix 2 for the —
successive ionization energies of the elements. = | S .
(a) The observed values 25
75.7 eV (7.30 Mjxmol ) and 5.38 eV (0.519 Mjxmol ) correspond ‘*é i
respectively to the second (7300 kJ- mol™) and first (519KkJ- mol™) :é I| / | .\ ;
:onization energies of Li (1s”2s). é 1 Poe” )
(b) The PES values observed ;; 10 | A w |
153 eV (14.8 M] .mol ) and 9.33 eV (0.90 MJ .mol™) correspond I. 8 : | o ’
respectively 10 the third (14800 k) - mol™) and first (900 kJ - mol™) |' ) )
ionization energies of Be (1s® 28%). : (; . I ’ g
10 y :
Atomic Number 20

oxygen atom has four electrons in the p-orbitals. This

means that as one goes across the periodic table in Period 2,

first element encountered in which the p-electrons must be

= -su
energy causes the ionization p-sublevel fills (refer to the text discussion of periodi
ic variation of atomic

oxygen is the

paired. This added electron-electron repulsion
radii). In th :
e above plot, this effect is most clearly seen in passing fr
sing from

potential to be lower.
Ne(10) to N
a(11) and Mg(12), then to Al(13) and Si(14). Ne has a filled
. 1lle
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2p-sublevel; the 3s-sublevel fills with Na and Mg; and the 3p-sublevel

begins to fill with Al

¢ it is energetically favorable for an electron to be promoted

1.17 (a) Incoppe
from the 4s orbital to a 3d orbital, giving a completely filled 3d subshell.

In the case of Cr, it is energetically favorable for an electron to be

promoted from the 4s orbital to a 3d orbital to exactly %2 fill the 3d

subshell.
(b) From Appendix 2C, the other elements for which anomalous electron
rations exist are Nb, Mo, Ru, Rh, Pd, Ag, Pt and Au. Of these, the

configu
explanation used for chromium and copper i8 valid for Mo, Pd, Ag and

Au.
(c) Because the np orbitals are sO much lower in energy than the (nt+1)s

orbitals no elements are known where the (nt+1)s orbitals fill in preference

to the np orbitals.

member of either Group 4/TVB (the

titanium family). From (b) we know that it must be in Period 5 and thus the

1.19 Based on (2) the element must be a

element must be Zirconium.

121 By examining at the trends followed by the other Group 1 elements, one

can arrive at estimates of various properties of francium:
(a) radius of neutral atom = 285 pm (approx. 20 pm larger than
(b) radius of +1 ion = 194 pm (approx. 20 pm larger than Cs";

Cs);
(c) IE; =356 &J-mol ™ (approx. 20 kJ less than Cs)

123 A=Na;B=Ck C=Na’;D=CI

The assignments can be made by looking at peutral atom and ionic radii

(Figures 1F.4 and 1F.6)
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1.25 (a) 1s*2s'; (b) +1;
; (b) +1; (c) One would expect the second inert gas in the other

1.27

1.29

1.31

t iS th i - p
;

therefore it should have Z = 20.

(a) 4 _¢_2997 92x10° m-s™

1% = 6.27 x 1014 S_l =478 x 10_7 m =478 nm

O 2. 2 Ly 10 m-s™!
A =7.12x10" ™!

421x107° m

so. Using the Rydberg equation (withn,,, =2 andn

upper
AE = 22 hm[ 1 _ 1 ]
2 2
nlower n
upper

102
AE =10%(6.626 08x107* J-5)(3.29 x 10" s-‘)(i_ ‘ }

=o0):

2? o’
AE =5.45x10"7J ”
A=hcAE™" = (6.626 08 x107** J-8)(2.99792x10° m-s™

545%107" ]
A=3.64x10° m = 3.64 nm.

The longest detectable
wavelength would b o
ray region. € 3.64 nm, which is in the x-

( )

. g q i i
| . S

E -
work funcion = (2:93 €V) (1.602 18x107™° J-eV™") =4.69x10™ J

For the ruby-red laser (694 nm):
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Eg, = heA™
= (6.626 08 % 10734 7-8) (2.997 92 % 10® m-s™) (694 % 10° m)™'

=286x107" 1.
For the violet GaN laser (405 nm):

E, = heA™
= (6.626 08 x 107 7-5)(2.997 92 % 10° m-s™) (405 x 10° m)”
=490x107 J.

The violet GaN laser will provide enough energy to eject the electron.

(b) The Kinetic energy (Ex) of the ejected electron can be determined by

subtracting the work function from the energy supplied by the laser:

EK = hc;{'—l - Ework function
— (490 x 107 J)— (4.69 X 107 1)
=2.10%107"J.

133 The allowed energies of a particle of mass 7 ina one-dimensional box of

n’h’
length L are determined using E =7
8mL r

(a)if L=139pm= 139 x 10 m fora C —C bond, and
m, =9.109 x 10" kg, then

) (6.626 08 x 107 I -s) @ 1)
8(9.100 x 107" kg)(1.39 10 m)’

~ 935x107" ]

(b) This energy corresponds to @ wavelength of 2.13 x 10°® m or 21.3 nm.

This falls within the x-ray region.
(c) Ifthe chain is 10 carbons long, then there would be nine C —C bonds.

If a wavefunction extends over twWo adjacent carbon atoms then the
minimum number of wavefunctions would be nine.
(d) For the chain of 10 carbons long, the L= 1251 pm = 1.251x107” m

C bonds). For the n= 5 to n = 6 transition, W€ get:

(the length of nine C—
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(6.626 08 x 107 J-s)*
8(9.109 x 1073 kg)(l 251%10~° m)z (62 _ 52)

= 425%x107"J
(¢) This energy corresponds to a wavelength of 4.69 x 10~
. . m or
469 nm. This falls within the visible region
HDAw .
avelength of 696 nm corresponds to an energy of 2.85 x 107" J

. . .
g h

level. i i \4 W
€ Rearrangmg the equatlon from part (a) to solve for L we get
g

2
" 2\ R (6.626 08 x 107
amAE "2 )" SIS 10 x10™* J-s)’ o
. x 10 kg)(2.85x10-'9 J)( -67)
= 275x107% m?

This will give L=1.6 ~
658 x 10~ m =1658 pm. Since each C—C bond is

139 pm lo i
pm long, this length corresponds to the chain of carbon atoms havi
ing

12 C-C.




