
FOCUS 1

ATOMS

14.1 (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.

14.3 All of these can be determined using E = hv andc = v),.

(a) No; speed is constant (c). (b) No; v æ ).-t. (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; Eæv.

1A.5 microwaves < visible light < ultraviolet light < x-rays < y-rays

1A.7 (a)),=9=
l)

2.998x108 m.s-1 :4.2"10-7m:420nm

(b))"=9=
U

7.1x 101a s-l

2.998x108 m's-r :1.5"10-tom:150pm
2.0x1018 s-l

1A.9 All of these can be determined using E = hv andc = v),. For example, in

the first entry frequency is given, so:

2 - c 2.998x108m.s-l/L=- :3.4"10-7m:340nm;
u 8.7 x 10'o s-'

and E = hv = (6.626r10a0 l.s;1s.2*101a s-1) : 5.g,.10-1e J

50 Fundamentals

ThemoleratioofC:H:Ois3'67:4'67:1or11:14:3'sotheernpirical

formula is CnHr+or' n .---^-.r^ i" 1q4 e/mol, which is half of

@) The molar -u'* *'0" empirical formula is 194 g/m<

388'46g/mol'Therefore,themolecularformulaofthecompoundis

CzzllzeOo.
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(
l.

11 llvv=E ni ,t t-
n; fn

1=t -2.922x191 
s-t =o.tt.,t i.29 x lor5 s-r

n3=9; flz=3

The transition is n, -- | to n, - 3.

lÂ^.l7 For hydrogenlike one-electron ions, we use the Z-dependent Rydberg

relation with the relationship c = )"v to determine the transition

wavelength. For He*, Z:2.

,= z'n(oL 
à=(z')(z.zex 

r01s ' ')(+ +)=e.87x 
rors Hz

^ c 2.997 92x108 m.s-'
v g.g7 xl0r5 s-r 3'04 x 10-8 m = 30'4 nm

18.1 (a) False. The total intensity is proportional to f4.(Stefan-Boltzmann

Law) (b) True. (c) False. Photons of radio-frequency radiation are

lower in energy than photons of ultraviolet radiation.

18.3 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 hv.

18.5 The energy is first converted from eV to joules:

E = (140.511x 103 eV) (1.6022x10-te J.eV-') =2,2513x l0-14 J

From E = hv and c = v), we can write

EventofPhotonEnergY

(2 s.f.)
w
(2 s.f)

FrequencY

(2 s.f.) Suntan
5.8 x 10- J

340 nm
8.7 x 10 Hz Reading

3.3x1 J
600 nm

5.0x1 Hz Microwave popcorn
2xl J

300 MHz
'7.9 xl J

2.5 rtml.2xl Hz
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1A.11

v=fi

Ineachoftheseseries,theprincipalquantumnumberforthelowerenergy

level involved is the same for each absorpt:"1"1-lll]':": 
*'Lvman

series, the lower energy level is n =l;for the Balmer series' n - 2; for

Paschen sedes' n =3;and for the Brackett series' n = 4'

1A.13(a)TheRydbergequationgivesvwhens-=3.29x10'5s_',fromwhich

one can calculate )" fuomthe relationsh\p c =v)"'

(t r)
\a'at

and c= vh=2'gg'7 92x108 m's-

,=*!\r+,-à^

2.gg 7g2xl08 m's-' = (3'29 x1015 s-r

1 -1)l x 10-? m=l2lnm

@) LYman serles

(c) This absorPtion lies in the ultraviolet regron'

lA.l5Theultravioletspectnrmofatomichydrogen(knownastheLymanseries)

has nr= l; so' for a line at 102'6 nm:

998 x10s m's-l = 2.922"10tt s-t;

,(i-l^

ç2
l)= -=L 102.6x1 0-e m

using the RYdberg equation we can now solve fot n'"
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18.11 Using Wien's law: T )"^u*= constant = 2.88 x 10-3 K'm.

A^*=850 nm:8.5 x 10-7 m,

? 88 x l0{5.m 
= 3400 KthenT=t*.,xro-,m

18.13 'Wien's 
law states that T )"* = constant = 2.88 x 10-3 K ' m.

lf T lK = l540oC + 273"C = 1813 K, then 1^* =

1^u* = 1.59 x 10-6 m, or 1590 nm

This wavelength falls in the infrared region.

2.88 x 10-3 K.m
1813 K

18.15 (a) Use the de Broglie relationship,l = hp-t = h(mv)-t .

m" = (9.109 39 x 10-" g) (1 kg/l000 B) = 9.109 39 x 104' kg

(3.6 x 103 km's-t1 ltooo m.km-l) = 3.6 x 106 m.s-'

). = h(mv)-'

6.626 08 x 10-34 J.s
(9.109 39 x 10-3' kg) (3.6 x 106 m . s-l)

=2.0x 10-10 m

(b) E=hv

= (6.626 08 x 10-34 J.s) (2.50 x l0'6 s-')

= 1.66 x l0-'7 J

(c) The photon needs to contain enough energy to eject the electron from

the surface as well as to cause it to move at 3.6x 103 km.s-r. The energy

involved is the kinetic energy of the electron, which equals i*r' .
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hcl=E
(6.62608x1 ot4 J's; 997 92 x 108 m's-t

2.2513x10'
toJ

=8.8237 x 10-t' m or 8'8237 Pm

tB.1 (a) From c= v)"and E = hv'wecan wite

E =hcl-\
=(6.62608 x 10-3a J's)Q'99192 x 108) (589 x 10a m)-'

=3.37 x 10-te J

( s.oo " 10-3 g Na (6.022x 1023 atoms' mofl)
(b) fi, --

22.99 g molt Na

x (3.37 x 10-re J'atom-r)

= 44.1J

(c) E = (6-022x 1023 atoms 'mof1;13'37 x 10-1e J 'atom-l)

=2.03x 10s J or 203 kJ

18.9 32 W = 32 J'seCr, so in 2 seconds 64 J will be emitted'

For violet light (2 = 420ffrl = 420x10i m) the energy per photon is:

E = hc),-\

=(6.62608 x 10-3a l's)Q'997 92 x 108) (420 x 10a m)r

= 4.'7 x10-1e J 'Photon 
1

nurnber of photons = (64 J) (4'7 *10-1e J'photon 
t)r

--1.4 x 1020 Photons
(
\.

l mol

moles of photons = (1'4 x 10'o photons)
6.022 x 10'3 Photons

=2.3x10a molPhotons
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lB.2l To answer this question, we need to convert the quantities to a consistent

set of units, in this case, SI units.

(5.15 ounce) (2S.3 g.ounce-') (1 kg/1000 B) = 0,146 kg

fzs)l.-q)[ t *')ftooom'']:o,m.s-'
\ h / [3600 sJ \0.621a -i, t t tffi )
Use the de Broglie relationship.

)"=hp-'=h(mv)-'

= h(mv)-t

6.626 08 x 10-34 J.s
(0.146 kg) (0.0a1 krn . r-' )

_ 6.62608 x 10-3a kg. m2 . s-r

(0.146 kg) (al m.s-')

= l.l x 10-34 m

18.23 From the de Broglie relationship, p = hl-l or h -- mv)", we can calculate

the velocity of the neutron:

h
v-

m)"

(6.626 08 x 10-3a kg .m2 . s-l)
(remernber that I J = 1 kg. m' . s-')

(1.67493x10-27 kg) (100 x lo-'2 m)

3.96x103 m.s-r

18.25 The uncertainty principle states that LpLx =!n; so, for an electron'2

Lp = m"Lv, then m"Lvbx =!n ,na 6, =!-!-; if we assume that the" 2 2 m"Lx'

uncertainty in the position of the electron is equal to the diameter of the

lead atom Ax:350 pm: 350 x 10-12m.

Remembering that 1 J = 1 kg.rnt .s-2, gives

( t ns.*' .r-'\trlh- 1.054 457 xl0-3a J .s = 1 .054 457 x 10-34 kg . m' . s-t
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Epnoton =1.66x 10-t7 J +
2

mv

(9.109 39 x 10-3r kg) (3'6 x 10u m's-')'

=!.66x 10-1? J + 5'9 x 10-t8 J

=2.25x 10-t7 J

Butweareaskedforthewavelengthofthephoton'whichwecangetfrom

T
2

T
2

E =hv and c=YA ot g' =hcL-r'

2.25 xlq^l kg' nf 'st = (6'62608 x L0-3a kg' rn''s-t)

x (2.997 92 x 108 *' t-t)h-'

.X, = 8.8 xl}-e m

=1.66x 10-t7 J +

=8.8 nm

/Lproton -

=

4-
funeutron

=

(d) 8.S nm is in the x-ray/gamma ray reglon'

18.17 The de Broglie relationship , )' = hp-| = h(mv)-' , states that the wavelength

ofaparticleisinverselyproportionaltoitsmass.Therefore,theheavier

person(80kg)shouldhaveashorterwavelengththanthelighterperson

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

De calculated using

18.19 The waverength for both a proton and a neutron can 1

the de Broglie relationshiP; thus:

h(mo*,onv)-t

6.62608 xlo-'n J's

(1.673 x 1o'' kg1P.l
-1rm.s )

=1.44x10-12 
m: 1'44 Pm'

h(mn*ronv)-r

6.62608 x 1o-34 J's

(1.675 x 10t' kg) (2.75 x 10s m s')

=!.44x 10-12 m : 1'44 Pm'

The wavelength of a Proton

figures'

and aneutron are identicalto 3 significant

5x105
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20,.
s(9.109 39 x 10-3' kg)Q.997 92x108 m.s-') (150 x l0-" m)'

7(6.62608 x 1044 J.s)

= 1.06 x 10-8 m: 10.6 nm.

1C.3 Yes, there are degenerate levels. The first three cases of degenerate levels

are:

frt = l, flz = 2 is degenerate with n, = 2, n, = |

frr=1, flr=3 is degenerate withnr=3, nr=l

fl, = 2, fl, = 3 is degenerate with n, = 3, n, = 2

1C.5 (a) Refer to the plot below for parts (a) thru (d); nodes are where the

wavefunction is zero:

t.42

Y(x)/m-t12

0.00

-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 -l
Refer to the plot below for parts (e) and (f):

n=2 n=3
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Then

1.054 45'.1 x lo-'okg
r-l

m- .s
1Lr=t

(e 109 38x1 o-31kg;1350 x 10-t2

[y=1.65x105m's-r

tB.zlTheminimumuncertaintyinthepositionofthebowlingballcanbe

calculated using the uncertainty principle:

*=tdÀ=;(
Ax=1.3x10-3um

(a)Formovementbetweenenefgylevelsseparatedbyadifferenceoflin

principal quantum number' the expresslon ls

tu+l)2h2 -%=Q'fl
L,E = En*r-En=ffi gmLz SmIj

gh2

For n =4andn+l=5'LE=æ

hc smhcI] -@Then 2r,o =E=-Ç - gh

1c.1

For an

ArA=

electron in a 150' pmbox' the expression becomes

lot'm)t
Q.ee1 92 x 108 m' S ') (t50x

8(e .109 39 x 1041 kg)
x 1o-3n J.s)9(6.626 08

=8.24x 10-e m= 8'24 nm'

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

7h2

n=3andn+l=4,L8 =-gmll

hc smhcl] -Who,r=-î=-iT-.th
For an electron in a 150' pm box' the expression becomes
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1D.3 The equation derived in Example lD.1 can be used:

"-2(0.55a,)/ao
V,2(r =0.55a0,0,ô) _

v/'(0,e,A)
froo

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

sum the three probability distributions (the wavefunctions squared) and

show that the magnitude of the sum is not a function of 0 or Q.

P, = R(r)C sin d cos /
P, = R(r)Csin4sin4

P" = R(r)C cos9

where 
" 

= f1);
\an )

Squaring the three wavefunctions and summing them:

R(r)2 C2 sin2 I cos2 Q + R(r)z C' sin2 d sin2 Q + R(r)'? C' cos' 0

= R(r)'c'(sin'0cos' Q+sin2 0sin2 6+cos' 0)

= R(r)' c' (sin' a(cos' Q + sin' ô) + cos' e)

Using the identity cos' x + sin2 x = 1 this becomes

R(r)z C2 (sin' d + cos' A) = R(r)'C'

IVith one electron in each p-orbital, the electron distribution is

not a fuction of 0 or Q and is, therefore, spherically symmetric.

1D.7 (a) The probability (P) of finding an electron within a sphere of radius a,

may be determined by integrating the appropriate wavefunction squared

from 0 to ao i

= 0.33
I

P
4

qo

2r
li ,'"*o dr

ao
2

n=3n=2
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V(t)2/m-

m.

tc.7

1D.1

x (m)

(e)forn=2aparticleismostlikelytobefoundalx=0.25mandx=0.75

m.

(0forn=Saparticleismostlikelytobefoundalx=0'17'0'50'and0'83

2.00

il2

1.00

0.50 0.?5 0.83 1'00

0.17 0.25

Integrate over the "left half of the box" or from 0 Io t/zL"

[*'=?f1,t" 
*\*

;ïl
given n is an integer:

=ilr+)-'l=;

increases (radius is a function of r)'

(a) Energy will increase (energy is a function of n)' (b) n increases (from

n= lïo n:2).(c) / increases (from / = 0 fors to / = 1 forp)' (d) radius

2

LW*rry''io!n!-+

L

j,

I

1

l
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1D.11 (a) one orbital; (b) five orbitals; (c) three orbitals; (d) seven

orbitals

1D.13 (a) seven values: 0,1,2,3,4,5,6; (b) five values; -2,-1,0,1,2; (c)

three values: -1,0,1; (d) four subshells: 4s, 4p,4d, and 4f

1D.15 (a) n=6;l=l; (b) n=3;l=2; (c) n=2;l=l; (d) n=5;l=3

1D.17 (a) -1,0, +1; (b) -2,-1,0, +1,+2; (c) -1,0, +l;

(d) -3, -2,-1,0, +1, +2,+3.

1D.19 (a) three orbitals; (b) five orbitals; (c) one orbital; (d) seven

orbitals

lD,zl (a) 5d, five; (b) ls, one; (c) 6f, seven; (d) 2p, three

1D.23 (a) 3; (b) l; (c) 4; (d) I

1D.25 (a) cannot exist; (b) exists; (c) cannot exist; (d) exists

18.1 (a) Energy increases; (b) n increases; (c) I increases; (d) radius increases.

All of these are the same for a hydrogen atom. (Exercise lD.l)

1E.3 (a) The total Coulomb potential energy V(r) is the sum of the individual

coulombic attractions and repulsions. There willbe one attraction between

the nucleus and each electron plus a repulsive term to represent the

interaction 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

(*eX+3e) _ -3",
4neor 4neor
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This integral is easier to evaluate if we allow the following

change of variables:

e),', --2, ... z =2 when t = dotz = 0 when r -_ 0' anddr =

ao

,t
, =tl:22 exp(-z)a' = -f,t'z +22 +2)exp(-z

= -l[(,0 + 4 + 2) exP(-2)) - 2]

=0.323 ot32'3o/o

@) Following the answer developed in (a) changing the integration limits

to0to2ao;.

'\l).z = 4 whenr =Zao'z = 0 when r =0' ar.rd dr =

p =rlo ,'e*pç-'!az = ''f,tzz +22 +2)exp(-z

= -t[tru'*n(-4r-4]

,t

=0.761 ot 76'10/o

Io
2p 3d

1D.9 (a) ls

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

0. (c) The simplest s-orbital has zero nodes' the simplest p-orbital has

one nodal plane, and the simplest d-orbital has two nodal planes' (d)

Giventheincreaseinnumberofnodes,anf.orbitalwouldbeexpectedto

have three nodal Planes'



18.11 (a) sodium

(b) silicon

(c) chlorine

(d) rubidium

18.13 (a) silver

(b) beryllium

(c) antimony

(d) gallium

(e) tungsten

(f) iodine

[Ne] 3s'

[Ne] 3s23p2

[Ne] 3s23ps

[Ift] 5s'

[Kr] 4d1o5st

[He] 2s2

[Kr] 4d105s25p3

[Ar] 3d1o4s24pt

[xe] 4f145d46s2

[Kr] 4dto5s25p5
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lE.9 (a) This configuration is possible. (b) This configuration is not possible

because / = 0 here, so mt must also equal 0. (c) This configuration is

not possible because the maximum value / can have is

n-l; n = 4, so /.* = 3.

1E.15 (a) tellurium; (b) vanadium; (c) carbon; (d) thorium

lE.l7 (a) 4p; (b) 4s; (c) 6s; (d) 6s

18.1e (a) 5; (b) 1l; (c) s; (d) 20

18.21 (a) 3; (b) 2; (c) 3; (d) 2
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1E.5

True.

tF,.1

É.+.à

where -e is the charge on the electron arrd +3e is the charge on the

nucleus, eo is the vacuum permittivity ' atd r is the distance from the

electrontothenucleus.Thetotalattractivepotentialwitlthusbe

( -3e, \ ( 4"'-)-f :3/-l =(-J\lf .f .llI "" l+l-
\4oror, ) \arte,rr).@'J 

- 
[+2"' J \a 12 \ )

The repulsive terms will have the form

(-e)(-e) - 
e'

4"%u 4fi'oruo 
- !r'^ olanfrnns a and b' The total

where roo represents the distance between two electrons a a

repulsive term will thus be

^-2e'e'e-

4rqh- Treo", 
' 4fi€'r" 4ne '

This gives

( 4r'\(1-,1 *!) .J'(a.l.:lvlù--11-rr,J[t.t-[ )- 4o',\',, r" r")

@) The fîrst term represents the coulombic attractions between the

nucleusandeachelectron,andthesecondtermrepresentsthecoulombic

repulsions between each pair of electrons'

(a) False. Z"rrisconsiderably affected by the total number of electrons

presentintheatombecausetheelectronsinthelowerenergyorbitalswill
o'shield" the electrons in the higher energy orbitals from the nucleus' This

effect arises because rhe e-erepursions tend to offset the attraction of the

electron to the nucleus. (b) True. (c) False. The electrons are

increasingly less able to penetrate to the nucleus as / increases' (d)

Only (d) is the confîguration expected for a ground-state atom; the others

all represent excited-state configurations'

I
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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"u; 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 atendency 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, A13* and Gea* compounds

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

1F.17 Only (b) Li and Mg exhibit a diagonal relationship.

Elecffons
Electton Configuration

Eletnent
'4pttArl 3dto4sGa

4p'ttul 3dto 4s2
Ge a

J

[A{ 3d'o 4s2 4p3
As )

'4potA4 3dto4s
Se

1

'4pttArl 3dto4sBr
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lÎ,.23

lF.1

rn.25 (a) nst; (b) ns2nP'; (c) (n-l)d3nsz; (d) (r-l)d'ons'

(a) silicon (118 pm) > sultur (10a pm) > chlorine (99 pm);

(b) titanium (1a7 pm) > chromium (129 pm) > cobalt (125 pm);

(c) mercury (155 pm) > cadmium (152 pm) > zitc(137 pm);

(d) bismuth (f 
gZ pm) > antimony (1a1 pm) > phosphorus (110 pm)

1F.3 P3- > 52- > Cl-

1F.5

1F.7

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

(a) oxygen (1310 kJ 'molr) > selenium (941 kJ 'mol-r; > tellurium (870

kJ .mofl); ionization energies generally decrease as one goes down a

group. 0) gold (S90 kJ 'moi-r) > osmium (840 kJ 'mol-') > tantalum

(?61 kJ'moi-'); ionization energies generally decrease as one goes from

righttoleftintheperiodictable.(c)lead(716kJ.mol_l)>barium(502

kI 'mor-l) > cesium (376 kJ 'mol-l); ionization energies generally

decrease as one goes from right to left in the periodic table'

ir,

I

I
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center of the box (wavefunctions with odd n) is multiplied by a

wavefunction that changes sign everywhere when reflected through the

center of the box (wavefunctions with even n).

W

0 LO
x

1.7 (a) Evaluating the integral for an n: I ton : 3 transition:

L
X

i''(;) "''(?)
I: ( ( znx\ 2nx 2rx\

=----------l cosl 

- 
l+-stn- |

8zz'( (Z) L L)
Ê ( (+nx\

l-'[*'[ L )

=#(*o)-fi0.0)-[
=Q

. ( 2nx\.slnl 

- 
|lL)

4trx 4nx+-srn-LL )1,

Sa.q-#('.0)]

Because the integral is zero, one would not expect to observe a transition

between the n: I and n: 3 states.

(b) Again, evaluating the integral:

L

0
J

lfx
xsm

L

= #(+(""' (?) . i,^(T)) - * (." "(T). T,^(?)) )1,

Given the L2 term, we see that the integral, and therefore 1, will increase as

the length of the box increases.

V"=t @":ù(w"=z)
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lF.lgTheionizationenergiesofthes.blockmetalsareconsiderablylower,thus

makingiteasierforthemtoloseelectronsinchemicalreactions.

(c) metal; (d) metalloid; (e) metalloid;

1F.21 (a) metal;

(0 metal

1.1

c
A=- -v

(b) nonmetal;

For the Balmer Series frt = 2'so the fifth line in the spectrum should be

fiz ='7 .Using the Rydberg equation we get

*( t r)-1r.zex10rs,')[] +,) 
=1'55x10ras-t

u= !r[;l -A)=

2.99792 x 108 m's-l
=3.97 x10-7 m=397nm

a. -l's
7.55 x 1 0r

1.3 For light with a wavelength of 633 nm the etergy per photon rs:

B=hû'-r , nm)-t

=(6.62608 x 10-3a J's) (2'997 92 x 108 m's-') (633 x 10-

=3.14x 10-1e J'Photon 
1'

The total energy Produced is

(3.14 x 10-re J'photon 
1) Q'4 x1021 photons) = 750 J'

(a)1.5

it--,)1"^T)"'='*C^T)-#[-"*, 
Ï='

(b) Below is a plot of the first tlvo wavefunctions describing the one-

dimensionalparticle-in-a.boxandtheproductofthesefivowavefunctions.

Noticethattheareaabovezerointheproductexactlycancelsthearea

below zero, making the integral of the produc ^t:' :1:-1"nn*'

wheneverawavefunctionthatisunalteredbyareflectionthroughthe

l

I

I

l

i
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1.15 molar volume (trn' .mo1-1) : molar mass (g .mol-t) /density (g ..--')

Element

Li

Be

B

C

N

o
F

Ne

Molar vol.

13

4.87

4.38

5.29

t6

14.0

17.l

16.7

Element

Na

Mg

AI

Si

P

S

C1

Ar

Molar vol.

24

14.0

9.99

12.t

t7.0

15.3

2r.4

24.1

The molar volume roughly parallels atomic size (volume), which

decreases as the s-sublevel begins to fîll and subsequently increases as the

p-sublevel fills (refer to the text discussion of periodic variation of atomic

radii). In the above plot, this effect is most clearly seen in passing from

Ne(10) to Na(l l) and Mg(12), then to Al(13) and Si(14). Ne has a filled

30

?5

s
Ê:o

e

9ls
ê

hl0
à,

5

0

p

0 5 IO

Âtomlc Number

IJ 20

1.9
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slgn.

1.11

Adp*orbitalhastlvolobes'onethathasawavefunctionwithapositive

sign and one with 
" 
l-"T"'ÏfÏiïï. rî;'ii- Jî" :::

or 0.50 probability that an electron excr

foundintheregionofspaceforwhichthewavefunctionhasapositive

ThepeaksobservedinthePEsspectracorespondtoorbitalenergies;for

each energy value seen' a correspondin* "*n1l::::"îir-àih 
"

values are seen in the PES spectrum' that atom has fivo or

2s);eachPEsvalueobservedcorrespondstotheejectionorallelectrons

fromthatorbital.ThePEsvalueobservedisapproximatelyequaltothe

ionizationenefgyofthefirstelectrontoberemovedfromthatorbital;

differencesthatareseenafeduetothedifferencesinhowthevarious

measurements are made' See Figure 1F'10 and Appendix 2 for the

successive ionization energies of the elements'

(a) The observed values

75.7 eY[7'30 MJxmoI-1) and 5'38 eV [0'519 MJxmol-l) correspond

respectively to the second (7300 kJ ' mol 
1) and first (519 kJ'moft)

ionization energies of Li (1s22sr)'

(b) The PES values observed

153 eV (14'B Mf 'mof1) and 9'33 eV [0'90 lvlf 'mol-1) conespond

respectively to the third (14800 kJ ' mol 
1) and frrst (900 kJ'moi-l)

ionization energies of Be (1s22s2)'

1.13 A ground-state oxvgen atom has four electro:1Ï::"il'-ï3',J:"t 
''

confîguration meaîrs that as one goes across the pent

oxygenisthefirstelemerrtencounteredinwhichthep-electronsmustbe

paired.Thisaddedelectron-electronrepulsionenefgycausestheionization

potential to be lower'
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1.25 (a) ls42s1; (b) +1; (c) One would expect the second inert gas in the other

universe to still have the ls, 2s, and2p levels completely frlled. Based on

this the elechon configuration of the neutral atom shouldbe Is42s42p12

therefore it should have Z:20.

1.27 (a) )"=9= 2.997 92x108 m.s-t
= 4.78x l0-7 m = 478 nm

v 6.27 x10r4 s-l

2.997 92x108 m.s-t
(b) v=9=

421x10-e m
= 7.12 x 1014 s-l

1.29 Neon (Z: l0) would have to lose a 2p electron to ionize; to accomplish

this it would need to be exposed to radiation with sufficient energy to do

so. Using the Rydberg equation (withn,o.", =2 andflupp,, =@)l

( 1 r)
LE = Z2hgl -, -;- |

\ni'** nuoo", )

LE =102(6.62609x 10-34 J.s)(3.29 x l0r5 s-')

L,E = 5.45 x l0-t7 J

, _ t--^. ,--r _(6.626 08 x 1014 J .s)(2.997 92x108 m.s-t)
/L _ f 

'LI)I)

).=3.64x 10-e m = 3.64 nm.

The longest detectable wavelength would be3.64 nm, which is in the x-

ray region.

f 31 (a) An electron can be driven out of a metal only if a photon possessing a

minimum energy equal to that of the work function for that metal strikes

it. Here, to eject the electron from lithium we need

truworktunction -Q.93 eV) Q.602 18x10-te J'eV-t) :4.69x1O-te J.

For the ruby-red laser (694 nm):

[# #)

12 Focus l Atoms

2p-sublevel; the 3s-sublevel fills with Na

begins to fill with AL

and Mg; and the 3P-sublevel

r.l1 (a) In copper it is energetical$ favorable for an electron to be promoted

fromthe4sorbitaltoa3dorbital'givingacompletelyfilled3dsubshell.

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

promotedfromthe4sorbitaltoa3dorbitaltoexactly|/zft1l|the3d

subshell. rlous electron

(b) From Appendix 2C'Iheother elements for which anoma

confîgurations exist areNb' Mo' Ru' Rh' Pd' Ag' Pt and Au' Of these' the

explanation used for chromium and copper is valid for Mo' Pd' Ag and

lri'u"""". ethe nporbitals are so much lower in energy than the (ru+l)s

orbitals no elements are known where the (n+l)s orbitals fill in preference

to the nP orbitals'

1.19Basedon(a)theelementmustbeamernberofeitherGroup4/IVB(the

titaniumfamily).From(b)weknowthatitmustbeinPeriod5andthusthe

t.2l

t.23

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 Cs);

(b) radius of +1 ion = 194pm (approx' 20 pm larger than Cs+);

(c) IEt = 356kJ'mo[1 (approx' 20 kJ less than Cs)

element must be Zircoruum'

(Figures 1F'4 and 1F'6)

A = Na; E, = Cl; Ç: Nd*; D = Cl-

The assignments can be made by looking at neutral atom and ionic radii
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M (6.626 08 x 10-34 J .s)2 ,^,
8(9.109 x to-" ksx;51 fr-' -t' 

(6' - s')

= 4.25 x 10-1e J

(e) This energy corresponds to a wavelength of 4.69 x 10-7 m or

469 nm. This falls within the visible region.

(f) A wavelength of 696 nm coresponds to an energy of 2.85 x 10-1e J

being required for the promotion of an electron from the n : 6 to n: 7

level. Rearranging the equation from part (a) to solve for.L we get

I] = h' (n? - rr, 6.626 08 x 10-34 J's)t ,-2 r2t,
gm"LE, " ,i)= (7- -6-)

= 2.75 x 10-r8 m2

Thiswill give L=1.658 x l0-e m=1658 pm. Sinceeach C-Cbondis

139 pm long, this length corresponds to the chain of carbon atoms having

t2 c-c.

14 Focus l Atoms

Eeg+= hc)'-t 
r n8 * .-r\ (694 x 10-n m)-t

= (6.62608 x 10-3a J 's) (2'997 92 x 108 m's-') (694 x 1(

=2.86x 10-te J'

For the violet GaN laser (405 nm):

Eoor= hcl-' 
. r n8 * . "-r\ 

(405 x 10-n m)-t

= (6.62608 x 10-3a J's) (2'997 92 x 108 m's-') (405 x 1r

= 4.g0 x 10-te J'

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

(b) The kinetic energy (E") of the ejected electron canbe determined by

subtractingtheworkfunctionfromtheenergysuppliedbythelaser:

= hcl'-l - E 
work function

= (4.90 x 10-1e J) - (4'69 x 10-" J)

=2.10x 10-'o J

The allowed energies of a particle of mass m fr a

n'h'

lengthl are determinedusing E'=ffi'

one-dimensional box of

EK

1.33

(a) ifl = l39pm= 1'39 x 10-10 mfor a C-C bond' and

rn"=9.109 x 10-31 kg' then

x 1o'o J 's)' Q'-t')6.62608(
LE=

8(9.109 x 1 o*'kg16.39 x 10-t0 m)

= g.35 x 10-t* J

(b) This energy corresponds to a wavelength of 2'13 x 10-8 m or 21'3 nm'

This falls within the x-ray region'

(c)Ifthechainist0carbonslong'thentherewouldbenineC-Cbonds'

If a wavefunction extends over fivo adjacent carbon atoms then the

minimum number of wavefunctions wouldbe nine'

(d) For the chain of 10 carbons long' the L =l25lpm = 1'251 x 10-e m

(the length of nine C - C bonds)' For the n: 5 Ïo n= 6ttansition' we get:


