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should have the higher boiling point. The boiling point of PF, is

-101.5'C and that of PBr, is 173.2oC; (b) SO2 and O: are bothbent

and have dipole moments. But SOz should have the higher boiling point

due its greater number of electrons. SOzboils at -10oC, whereas Ol boils

at -llzoc. (c) BF, and BCl, are both trigonal planar, so the choice of

higher boiling point depends on the difference in total number of

electrons. BCh should have the higher boiling point (l2.5oc vs -99.9"C).

3F.9 The interaction energies can be ordered based on the relationship the

energy has to the distance separating the interacting species. Thus ion-ion

interactions are the strongest and are directly proportional to the distance

separating the two interacting species. Ion-dipole energies are inversely

proportionalto d2, whereas dipole-dipole for constrained molecules (i.e.,

solid state) is inversely proportionalto d3 . Dipole-dipole interactions

where the molecules are free to rotate become comparable with induced

dipole-induced dipole interactions, which are both inversely related to d6 -

The order thus derived is: (b) dipole-induced dipole = (c) dipole-dipole in

the gas phase < (e) dipole-dipole in the solid phase < (a) ion-dipole < (d)

ion-ion.

3F.11 Only molecules with H attached to the electronegative atoms F, N, and O

can hydrogen bond. Additionally, there must be lone pairs available for

the Hs to bond to. This is true only of (d) HNOz'

3F.13 II because the dipoles are aligned with oppositely charged ends closest to

each other thereby maximizing dipole-dipole attractions'

3F.15 The Lewis structures of AsFl and AsFs are as follows:

la

F:

*J,F
a1

As,i/ I \ï,:F:

rïl
*Ët

AsF3

:F: "
AsFs
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4 firV

=!o(128 pm)3

= 8.78 x 106 Pm3

dipole-diPole

Only (b) CH3C1, (c) CH,CI 2' &îd' (d) CHC13 will have dipole-

dipole interactions' The molecules CHo and CClo do not have dipole

(c)Thedifferenceinthesevaluesillustratesthatthereisnoeasy

definition for the boundaries of an atom' The van der Waals value

obtainedfromthecorrectionformolarvolumeisconsiderablylargerthan

the atomic radius, owing perhaps to longer range and weak interactions

betweenatoms'oneshouldalsobearinmindthatthevalueforthevander

Waals b is a parameter used to obtain a good fit to a curve' and its

interpretation is more complicated than a simple molar volume'

3F.1(a)Londonforces'dipole-dipole'hydrogenbonding;(b)Londonforces;

(c) London forces' dipole-dipole' hydrogenbonding; (d) London forces'

a
J

moments'

3F.3

3F.5

3F.7

(a) NaCl (801'C vs -114'8oC) because it is an ionic compound as

opposed to a molecular compound; (b) butanol (-90'C vs -116'C) due

tohydrogenbondinginbutanolthatisnotpossibleindiethylether;(c)

triiodomethanebecauseitwillhavemuchstrongerLondondispersion

forces (-82.2"Cfor trifluoromethane vs' 2l9oCfor triiodomethane); (d)

Methanol (-94'C vs -169 
oC) because of the hydrogenbonding in

methanol but not in ethYlene'

(a) PBr: and PFr are both trigonal pyramidal and should have similar

intermolecular forces, but pBr, has the greater number of electrons and
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3G.1 (a) As intermolecular forces increase, boiling point will increase because

more thermal energy is required to separate molecules apart; (b) viscosity

will increase with the increase of intermolecular forces because stronger

intermolecular forces will make molecules less mobile (or do not let

molecules move past one another easily); (c) surface tension also increases

with the increase of intermolecular forces because stronger intermolecular

forces tend to pull molecules together and inward.

3G.3 (a) cls-Dichloroethene is polar, whereas trans-dichloroethene, whose

individual bond dipole moments cancel, is nonpolar. Therefore, cls-

dichloroethene has the greater intermolecular forces and the greater

surface tension. (b) Surface tension of liquids decreases with increasing

temperature as a result of thermal motion as temperature rises. Increased

thermal motion allows the molecules to more easily break away from each

other, which manifests itself as decreased surface tension. Therefore,

benzene at20 degrees has a higher surface tension.

3G.5 At 50'C all three compounds are liquids. CuHu (nonpolar) < C6H,SH

(polar, but no hydrogen bonding) < C6H,OH (polar and with hydrogen

bonding). The viscosity will show the same ordering as the boiling points,

whichare 80"C for CoHo,l69"C for CuHrSH,l82" for CuHrOH.

3G.7 CHa, -162"C; CH:CH3, -88.5oC; (CH3)2CHCH2CH3, 28"C;

CHg(CHz):CH3, 36oC; CHTOH, 64.5"C; CH:CHzOH,78.3 oC;

CH:CHOHCH3, 82.5oC; CsHqOH (cyclic, but not aromatic), 140'C;

CoHsCHsOH (aromatic ring), 205" C; OHCH2CHOHCH2OH, 290" C

3F.21 F --M' --ddr dr [+)= tf)
1æ-
r'
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FromtheLewisstructuresofthesetwomolecules,itisclearthatAsFlisa

polarmoleculewhileAsFsisnot'Sothedipole-dipoleintermolecular

forces in AsFl are stronger than the London (dispersion) forces in AsF5'

which results a higher boiling point of AsF:'

3F.17 The ionic radius of A13* is 54 pm and that of Be2* is 34 pm' The ratio ot

energies will be given bY

",*?#)

ary)-
-t tlu

Eoei* *

Ene"2* æ

(54+1

-lzlt'(-lzlp
l,. d' (34+100)'

The electric dipole moment of the water molecule (p) will cancel

l,A:(
J p / (54 + 100)'z )_ 1,ror+l')-

) lzts+>' )
r.I4

Ratio -lzla r(t+ +100)2

The attraction of the A13* ion will be greater than that of the Be2* ion'

Even though the 413* ion has a larger radius' its

of Be2*, making the attraction greater over all'

charge is higher than that

3F.19(a)Xenonislarger,withmoreelectrons,givingriseto|argerlondon

forcesthatincreasethemeltingpoint.(b)Hydrogenbondinginwater

causes the molecules to be held together more tightly than in diethyl ether'

(c)Bothmoleculeshavethesamemolarmass,butpentaneisalinear

moleculecomparedwithdimethylpropane,whichisacompact,spherical

molecule. The compactness of the dimethylpropane gives it a lower

surfacearea.Thatmeansthattheintermolecularattracttveforces,which

areofthesametype(Londonforces)forbothmolecules,willhavea|atget

effect for Pentane.
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This is partly due to the fact that the molecules have only single bonds that

allow rotation about the bonds, so that each molecule can adopt many

configurations. If multiple bonds are present, the bonds are more rigid.

3G.15 Because benzene is isotropic solvent and its viscosity is the same in every

direction. However, a liquid crystal solvent is anisotropic and its viscosity

is smaller in the direction parallel to the long axis of the molecule than in

the "sideway" direction. Since methylbenzene is a small sphere molecule

and its diffusion movement does not affected greatly whether solvent is

isotropic or anisotropic, it can move and rotate to the same extent in all

directions.

3G.17 Substance (a), CsHN*C1-, would be a better choice as an ionic liquid

solvent. The reason is that it has a larger organic cation with the

same anion as that of (b), which has a larger nonpolar region to dissolve

nonpolar organic compounds.

3H.1 (a) Glucose will be held in the solid by London forces, dipole-dipole

interactions, and hydrogen bonds; benzophenone will be held in the solid

by dipole-dipole interactions and London forces; (b) We would expect

glucose to have a higher melting point because glucose can experience

hydrogen bonding, which is a strong interaction and dominates

intermolecular forces, but London forces are the strongest in

benzophenone. The melting points for both compounds are:

benzophenone (m.p. :48 oC < glucose (m'p. : 148 - 155 "C)

3H.3 (a) Network; (b) ionic; (c) molecular; (d) molecular;

(e) network

3H.5 Substance A: ionic; substance B: metallic; substance C: molecular solid
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3G.g Because of the silanol group (si-oH) on the glass tube wall, water

moleculesthatareclosetotheglasstubewallwillstronglyinteractwith

thesilanolgroupbyformingH-bondingandclimbinguptocertain

distanceandformingaconcavemeniscus.Watermoleculesdonothave

such interactions with a plastic tube wall because of the hydrophobic

characteroftheplastics,sowatermoleculeswillinteractamongone

another through H-bonding and form a convex meniscus'

3G.11 Using n = 4 we can calculate the height' For water:

gdr

, =L diu^"ter =L(o.rs mm) [;m) 
= t t x 10-s m

d =o.ssls'cm-'tffi)tt**, ) 
=e'elx102 kg'm-3

2(72.75 x 10-3 N.m-t)

(9.81m's- 'Xg.gz x t 02 kg.m4;(7.s x 1 o-t m)
=0.20m or 200 mm

tu-

Remember that I N = 1 kg'm-t's-'

For ethanol:

"( lke )(loucm'
d =0.7e s.cm-' !, rr,,J[--æ- =7 .9 x102 kg'm-3

2( 22.8x10-3 N'm-t)

(9.81m's- kg.mr)(7.s x t0-' m)
= 0.078 m or 78 mm

fu=
02';12.1x t

Waterwillrisetoahigherlevelthanethanol.Therearetwoopposmg

effects to consider. While the greater density of water than ethanol, acts

against it rising as high, it has a much higher surface tension'

3G.l3Therearetoomanywaysthatthesemoleculescanrotateandtrristsothat

theydonotremainrodlike.Themolecularbackbonewhenthemoleculeis

stretched out is rodlike, but the molecules tend to curl up on themselves'

destroyinganypossibilityoflongrangeorderwithneighboringmolecules.
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: 6.041x 10-23 cm3

a:3.924 x10-8 cm

t;
Because for an fcc cell. u = .Æ' ,,, - !3 o -

4

3H.11 a = length of unit cell edge

I/
mass of unit cell

=- d

(l unit cell)
( tss.os sYt
[ -"1Pt

(a)

V=a3=

)( +utoms \il_t

JI I unit ceil J

)f lmolPt
)ls.ozzx 1023 atoms Pt

21.45 g.cm3

.Æ (:.gz x to* cm)

4

=1.387 x l0-8 cm = 138.7 pm

(b) V =a3

(1unit cell)
1 mol Ta

-

6.022 x 10" atoms Ta
I t so.qs e ra') [
(. l-"1r" ll, )t

2 atoms

I unit cell

16.65 g.cm3

= 3.609 x 10-23 cm3

a =3.305 x l0-8 cm
r-

43a
t-

4
",6(:.:os x lo-s crn)

=l.43lx l0-8 cm = 143.1pm
4

3H.13 Let's assume that rhodium metal structure is ccp (fcc). ln ccp structure,

there are four atoms in each unit cell. The atomic mass (M) of

rhodium is 102.91 g/mol. Therefore, the density of rhodium is:

d: m/a3 , m : mass of one unit cell : 4M/N* a: the length of the side of

afcc unit cell : 8t/2r

, 4MIN^ 4Mt- A 
-q 

(Bt''r)t N n(8tt2 r)3

4 atoms x (102.919 .mol-') :12.55 g'cm-3
(6.022x I 023 atom . mol-t ) t (8t" x 1.34x I 0-8 cm)3

Then we assume the rhodium metal structure is bcc. In bcc structure, there
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3H..7 (a) At center: 1 center x 1 atom'center-l = I atom; at 8 corners'

g corners x { atom.corner-t = 1 atom; total = 2 atoms; (b) There are

eightnearestneighbors, hence acoordination number of 8; (c) The

directionalongwhichatomstoucheachotheristhebodydiagonalofthe

unitcell.Thisbodydiagonalwillbecomposedoffourtimestheradiusof

theatom.lntermsoftheunitcelledgelengtha,thebodydiagonalwillbe

rEa. The unit cell edge length will' therefore' be givenby

=1,79 xI0-22 g

1.79 x!0"' g

y=+'Qz!Pm) =2l6pm
Jl Jr

3H.9 (a) a= length of side for a unit cell; for an fcc unit

. cell, o = J8 r ot 2Jl r = 404Pm'

V = a' -- (404pm x 10-12 m' pm-t)' = 6'59x 10-2e m3 = 6'59 x 10-23cm3'

Becauseforafccunitcelltherearefouratomsperunitcell,wehave

mass(g) -- 4 Atatoms " ffi ' #;

+r--Jiaora=

-3d- 11 1-" cm-
=2.72 g'cm

6.59 x 10

(b) o=
4r

Jl ="T=524pm
y =(524x 10-t2 m)' = l'44x10-28 m3 =1'44x 10-22 cm3

There are two atoms per bcc unit cell:

l mol K atoms - 39'10 g

mass(g) = ZKatoms * ffi ^ mol K atoms

= 1.30 xI0-22 g

1.30 x I0-" g
= 0.813 g'cm-'fl= 0-" cmt1.60 x 1
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thereby reducing friction. In graphite, the unhybridized p-electrons are

free to move from one carbon atom to another, which results in its high

electrical conductivity. In diamond, all electrons are localized in spi

hybridized c-c o-bonds, so diamond is a poor conductor of electricity'

3]f..21(a) carbon atomic radius is 77 pm. The nurnber of carbon atom on the 2'0

cm x 1.0 cm taPe ts

2.0 cmxl.0 cm : 1.1 x 1016 C atoms
n(77 xl}-to cm)'

(b) l.1x10t6C atoms
I mol C atoms

= 1.8 x 10-8mol
6.022x!023atoms'mol

-1

(1.gr.10" 'r( l nmol )
\r.v r _"_"r)[ffiJ:t * nmot

3H.23 (a) Indium arsenide has a (4,4)-coordination because each unit cell has

four indium and four arsenic; (b) The formula of indium arsenide is InAs

3H.25 (a) There are eight chloride ions at the eight corners, giving a total of

8 corners x { atom' corner-t = 1 Cl- ion

There is one cs* that lies at the center of the unit cell' All 0f this ion

belongs to the unit cell. The ratio is thus 1 : 1 for an empirical formula of

CsCl, with one formula unit per unit cell'

(b) The titanium atoms lie at the corners of the unit cell and at the body

center: 8 corners x{ atom.comer-t + 1 atbody center = 2 atoms per

unit cell. Four oxygen atoms lie on the faces of the unit cell and t'wo lie

completely within the unit cell, giving:

4 atoms in faces x ] atom.face-t + 2 atoms wholly within cell : 4 atoms

The ratio is thus two Ti per four o, or an empirical formula of Tio, with

two formula units Per unit cell'

(c) The Ti atoms are 6-coordinate and the o atoms are 3-coordinate'
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are two atoms in each unit cell' und a: the length of the side of a

bcc unit ce1l : 41131/2. The density of rhodium is:

2M
N o(4r l3 ')'

The density value for the ccp structure is closer to 12' 42 g'cm

Therefore, rhodium metal is close-packed structure

3H.15 (a) The volume of the unit cell is

( t0-'2 m - 100 cm)' 
= 1.6ol x to-2' cm3

4nit cerr = [ 
s+r p* 

" 
_lrn_ 

" 
_-; 

)\

mass in unit cell = (1'601 x 10-2' cm' ; x (2'33 g' cmt ) -- 3j3x 10-22 g

(b) The mass of a Si atom is

28.09g'mol-t+(6'022x102')atoms'mol-l=4'665x10-23g'atom-l'

Therefore, there are 3..73x10t, g+4.665x 10-t3 g'atom-r - 8 atoms per

unit cell.

3I^.17 Volume of a cylinder : base area x length : nf l;

Volume of a triangular prism : base area X length : (bh1)/2 : tr3f t fo, a

triangleinscribedinthecentersofthreetouchingcylinderbases;

Eachoftheinscribedtriangle,s60oanglesaccountsror116ofthevolume

ofeachofthethreetouchingcylinders'oratotalcylindervolumeof(3/6)

ær,/.Sothepercentofthespaceoccupiedbythecylindersis(0.5)æll
* loo/.rlzf t :o'5æ/{3 : 9o'7oÂ'

3H.lglndiamond,carbonisspshybridizedandformsatetrahedral,three-

dimensionalnetworkstructure,whichisextremelyrigid.Graphitecarbon

issp2hybridizedandplanar.Itsapplicationasalubricantresultsfromthe

factthatthetwo-dimensionalsheetscan..slide''acrossoneanother,

- 2MINAa:6;74nY - I

2 atoms x (1

1023 atom'mol-

029r9 molt)

')"(+x1.34x1
= 11.53 g'cm-3

0-8cm/ 31t2)3
(6.022x

-3
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, 3.725xI0-" g 
-cl =------------::-- :3.36E cm-3

1.1 I x10-" cm'

(b) For a cesium chloridelike structure, it is the body diagonal that

represents two times the radius of the cation and plus two times the radius

of the anion. Thus the body diagonal for CsBr is equal to

2(167 pm) + 2(196) =726pm.

For a cubic cell, the body diagonal = Ji o =726 pm

a= 419 pm

a3=V= =7.36x 10-23 cm3

There is one formula unit of CsBr in the unit cell, so the mass in the unit

cell will be given by

mass in unit cell=
6.022 x 1023 molecules'mol*t

=3.534x1042 g

10-r2 m 100 cm4l9pmx x-
pmm

(l formula units) (ztz.gzg csBr)

I r"*'.1 J[ r-"lc.n )

, 3.534x 10-22 g
ct = --------------- = 4.80 g'cm3

7.36x 10-" cm'

3H.33 (a) The smallest possible rectangular unit cell is as follows:

(b) There are four of carbon atoms in each unit cell.

(c) The coordination number is three (C3).

3H.27 (a) Each unit cell has one rhenium (s r: ) and three oxide ion (r z x | ).

Therefore, rhenium oxide has a(6,2)-coordination. (b) The formula of
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rhenium oxide is ReOl

X

mass in unit cell = =3.725x1042 g
6.022x 1023 molecules' mol-

Thedensitywillbegivenbythemassintheunitcelldividedbythe

volume of the unit cell:

3,'.2g (a) Ratio = 1::!t = 0.875, predict cesium-chloride structure with (8,8)-

152 pm

coordination;however,rubidiumfluorideactuallyadoptstherock-salt

structure

(b) Ratio =ffi= 0.51, predictrock-salt structure with (6,6)-

coordination

(c) Ratio = l#ffi =0.520, predict rock-salt structure with (6,6)-

coordination

3H3r (a) In the rock-salt structure, the unit cell edge length is equal to two

times the radius of the cation plus two times the radius of the anion' Thus

for Cao, a = 2(l00pm) + 2(l40pm) = 480 pm' The volume of the

unit cell will be given by (converting to cm' because density is normally

givenintermsof g'cma)

( .^^ - .. l0-'' - - 100 cm)' 
= 1.11x 10-22 cm3V=l480Pmx-x- I -'--

l.^Pmm)
There are four formula units in the unit cell, so the mass in the unit cell

will be givenbY

4 formula units)

l unit cell )
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(b) Pewter, which is7%oSb,3yo Cu, and 90olo Sn, will contain 7 g Sb,3 g

Cu, and 90 g Sn per 100 g of alloy. This will correspond to 0.06 mol Sb,

0.05 mol Cu, and 0.76 mol Sn per 100 g alloy. The atom ratio will be 15

Sn: 1.2 Sb : I Cu.

3I.9 (a) By viewing the unit cell from different directions, it is clear that it

belongs to a hexagonal crystal system. (b) There are eight carbonate ions

on edges, giving Y+ x 8: 2 carbonate ions, plus there are four carbonate

ions completely within the unit cell. The total number of carbonate ions in

the unit cell is six. Calcium ions lie at the corners of the unit cell (1t A'8

:l) as well as on the edges (Va x $ and within the cell (4). The total

number of calcium ions in the cell is six, agreeing with the overall

stoichiometry of calcite, CaCO3.

m

î, m 19.28 g'cm-' x 4.0 cm3 1E ,t'=-=- =lf.4Cm3D 5.01 g'cm-'

3I.11

3r.13

r/
D

4-

:o

Formal charge: Si : 0, O : -l; Oxidation number: Si : *4, O: -2; this is

an A& VSEPR structure; therefore, the shape is tetrahedral.

ô,

o
I

Si

I

o
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3H.3s Each unit cell contains four RbI; Total of unit cells = (6'022x 1023 RbI

molecules/mole)/(4 RbI molecules/unit cell) = 1.505 x 1023 unit cells/

mole;Thevolumeofoneunitcell:(732'6pm)3'

AssumethattheedgelengthofacubiccrystalofRblthatcontainsone

mole RbI is X, then the volume of one mole RbI : X3/mole =

( (zrz.opm)') *
I unitcell )

3r.1 oor=?

1 .505x 1023 unitcell

mole

y: (732.6 pm) x 505x1023:3.897x1 Oto p.:3.897 cm

26.98n

V

D.ugouri.- =?=
(26.8e x'\\Von +2431x30oÂn) 26.18n

V V

p- D.asnuliom 
= 0.9703

Dot

Alloysareusually(1)harderandmorebrittle,and(2)poorerconductorsof

electricity than the metals from which they are made'

(a)Thealloyisundoubtedlyinterstitialbecausetheatomicradiusof

nitrogenismuchsmaller(74pmvsl24pm)thanthatofiron.Theruleof

thumbisthatthesoluteatommustbelessthan60Vothesolventatomin

radiusinorderforaninterstitialalloytoform.Thatcriterionismethere.

(b)Weexpectthatnitridingwillmakeironharderandstronger,witha

lower electrical conductivitY'

(a)Theseproblemsaremosteasilysolvedbyassumingl00gofsubstance.

Inl00gofNi-Cualloytherewillbe25gNiand75gCu,corresponding

to0.43molNiand|.2molCu.Theatomratiowillbethesameasmole

ratio:

3r.3

3r.5

3t.7

1.2 mol Cu 
= 2.g Cu perNi

0.43 mol Ni
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Fe : 3d6 4s2 ) Ferromagnetic; Co: 4s2 3d7 ) Ferromagnetic

Ni= 4s2 3d8 ) Ferromagnetic; Y: 4dl5s2 à Paramagnetic

Zr: 4t 5s2 ) Paramagnetic; Nb : 4da 5s1 ) Paramagnetic

Mo: 4ds 5s1 à Paramagnetic; Tc: 4ds 5s2 à Paramagnetic

Ru: 4d7 5s1 ) Paramagnetic; Rh: 4d8 5s1 à Paramagnetic

Lu: 6s2 4f4 Sdr à Paramagnetic; Hf :6s2 4f14 5& ) Paramagnetic

Ta:6s2 4f14 5É à Paramagnetic; w:6s2 4fi4 5d4 ) Paramagnetic

Re:6s2 4fr4 sds à Paramagnetic; os:6s2 4f14 5d6 à Paramagnetic

Ir: 6s2 4fr4 sd à Paramagnetic; Pt:4fra 5de 6s1 ) Paramagnetic

Au: 4fa 5dr0 6s1 à Paramagnetic; zn:3dr0 4s' à Diamagnetic

More information can be found from:
http : //www.periodictable. comlProp*erties/AlMagneticType.html

3J.11 The compound is ferromagnetic below 7" because the magnetization is

higher. Above the Curie temperature, the compound is simple paramagnet

with randomly oriented spins, but below that temperature, the spins align

and the magnetization increases.

3J.13 The reaction is as following (1:1 for CaS):

CaCIz(aq) + (NH4)2S(oq) -> CaS(s) + 2NHaCl(aq)

Assume 100%yield so the moles of CaS formed

: (4.0 x 10-3 L) " O.OOIS mol/L:6.0 x 10-6

Molarity of QDs: (6.0 x 10-6mole/l68)/8.0 x 10-3 L:4.5 x 10-6 M

3J.15 Given the expression of the cubic box

h2.8,,,: -:: "(n!"+ni+n:)8m"[-i' "

'Where E, represents the energy of a given level having n values

corresponding to x, y and zwe catt describe each new level by

incrementing each n by one; any levels with the same energy will be

degenerate. The three lowest energy levels will therefore be E111, 8211, rïtd

E221. From this we can arrive at expressions for the energy of each level:

3r.15

3J.1

3J.3
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The SizOz6- ion is built from two SiO+a- tetrahedral ions in which the

silicatetetrahedralshareoneoatom.Thisistheonlycaseinwhichoneo

is shared. (b) The pyroxenes' for example' jade' NaAl(SiOl)z' consist of

chains of sio+ units in which two o atoms are shared by neighboring units'

The repeating unit has the formula SiOr2-'

Theconductivityofasemiconductorincreaseswithtemperatureas

increasingnurnbersofelectronsarepromotedintotheconductionband,

whereastheconductivityofametalwilldecreaseasthemotionofatoms

will slow down the migration of electrons'

The diameter of silver is: 144 pm x 2: 288 pm; for a}'4-mmlength of

one-dimensional line, the total number of Ag atoms:

1.0 x 10e pm
2.4mmx---- -

I flrm : 8.3 x 106 Ag atoms

288 pm

Silver has two states since 5s is half filled' So, r: 4.2 x 106

3J.s (a) In and Ga; (b) P and Sb

(a)Influorescence,lightabsorbedbymoleculesisimmediatelyemitted,

whereas,inphosphorescence'moleculesremaininanexcitedstatefora

length of time before emitting the absorbed light. So conservatively,

emission of light in phosphorescence is much longer than that of

fluorescence;(b)mechanistically'fluorescenceinvolvestheretentionof

the relative spin orientation of the excited electron where phosphorescence

involveschangesofelectronspinstatesorelaxationisaslowprocess.

3J.7

3J.9 Paramagnetic elements have at least one unpaired electron

Sc : 3dr 4s2 ) Paramagnetic; Ti : 4s2 3t ) Paramagnetic

V : 3d3 4s2 )Paramagnetic; Mn: 4s2 3d5 à Paramagnetic

I
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3.5 UsetheidealgaslawtocalculatethenumberofmolesofHCl.
(1 atm (1 L)PV (690 Torr)(200 mL)

"= RT=

P ='RT
V

3.7

(760 Ton) (1000 mL)

=7.55x10-3 molHCl

since the reaction between HCI and NaoH occurs in a 1:1 mole ratio, this

number of moles of NaoH is also present in the volume ofNaoH(aq)

required to reach the stoichiometric point of the titration' Therefore, the

molarity of the NaOH solution is

moles NaOH (7 .55x10-3 molNaOH) 1000 mL

1 L of solution

= 0.481M

(15.7 mL) IL

(a) NrOo(g)-+2NOr(g); (b) If allthegaswere N'O,G)' thenthe

moles can be calculated from the ideal gas equation:

43.78 g---------'-
92.02 g'mol-' ).

0s2 06 L.atm ' K-r ' morl;1zla r;

5.00 L

=2.33 atm

(c)Theonlydifferenceinthecalculationbetweenpart(b)andpart(c)is

that the molar mass of NO, is half that of NrOo

nRTD_
V

82 06 L . atm ' K-l ' mofl;1zlA r;

5.00 L

= 4.65 atm

(d)BecausebothNrOoandNOrarepresent'weneedtodeterminosome

wayofcalculatingtherelativeamountsofeachpresent'Thiscanbedone

by taking advantage of the gas law relationships. The total pressure at the

end of the reaction will give us the total number of moles present:

+E.78 e 
, )(o.o

46.01g'mol-'/'
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3.1

Etr:Ufit," +r'+7'): #
Similarly, the other two energy levels are determined to be:

Ezu=ffit'+l'+l2) =# and

Ezzt: ffir"+2'+t'): #
The 21 l,l2l,andll2levels are degenerate; that is Eztt= Ent=E111

The 22!, 122, arrd2 1 2 levels are degenerate; that is Ezzf Erzz = Eztz'

(a) xN" : 
[io):0.u, 'o. 

: 
[fo):o'o

At constantr andv, 
[+J 

: 
[;.J 

-, 
ttrJ 

:@)

(0.4)(420 Torr) :280 Torr
0.6

PAr=

3.3

(b) Pt"t"r : (280 Ton) + (420 Ton) :700 Torr

ThemolarmassofglucoseislS0.15g.mol-l.Fromthis,wecancalculate

the number of moles of glucose formed and' using the reaction

stoichiometry,determinethenurnberofmolesofCo,needed.Withthat

informationandtheotherinformationprovidedintheproblem,wecanuse

the ideal gas law to calculate the volume of air that is needed:

PV __

v-

nRT

x (0.082 06 L' atm' K-l' mofl;129S f;

6 mol coz )l
l mol glucoseJ-l

=2.4x104 L


