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T-84 Fig. 11.1 Molecular Comparison of Gases, Liquids, and Solids

Cool or

compress
e S
i

Heat or

pressure

Gas Liquid Crystalline solid
Total disorder; much Disorder; particles Ordered arrangement;
empty space; particles or clusters of ﬁmwsﬁmm are essentially
have complete particles are free in fixed positions;
freedom of motion; to move relative to particles close together.
particles far apart. each other; particles |

close together.
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Chapter 11 +9: Polarity, Binding Forces. Noncovalent Interactions.
and Dependent Physical Properties '

Types of Binding Forces
1) Covalent bonds (between nonmetals)
2) Ionic bonds (between metal and nonmetal)
3) Metallic bonds (within pure metals)
4) Noncovalent Interactions (in decreasing strength)
¢ Hydrogen Bonds (O-H, N-H, or F-H bonds)
* Dipole-dipole Attractions (for polar molecules, but lacking any O-H, N-H, or F-H
bonds) .
¢ London Forces (only binding force between nonpolar molecules, but also applies
in polar and H-bonding molecules. Increases with increasing molecular weight.)

Network vs Molecular Substamces
o Network (usually identifrable by presence of a metal!)
Ionic
Metallic
Network Covalent (diamond...)
¢ Molecular (usually identifiable by absence of a metal)
Network binding forces are strong, molecular binding forces are relatively weak

Recognizing Polarity

1. ABp _ Nonpolar If no lone pairs on central, and all outside atoms same.

2. ABmLN Polar. If lone pairs on central atom.

3. ABplg Weakly polar No lone pairs on central atom, but attached atoms not same.
4. Hydrocarbons  Nonpolar '

5. Halocarbons Very weakly polar

1. Identify network substamces verses molecular substances

2. For molecular substances
2. H-bonding?
b. polar?
3. For molecular substances, what is the molecular weight? Greater molecular weight gives
. greater binding force.
Note: when molecular weight effects counteract H-bonding or polar effects (such as methanol
versus acetone versus hexane!) you are not expected to be able to predict which has stronger
binding forces, except for special cases like HyO.

le ies that indin €
1. mp Higher binding force — higher mp
2. AHf Higher binding force —> higher AHs
3. bp Higher binding force —> higher bp
4. AH, Higher binding force —> higher AHy
5. evaporation rate/volatility Higher binding force —> lower evaporation rate
6. vapor pressure ' Higher binding force —> lower vapor pressure
7. viscosity Higher binding force —> lower viscosity
8. surface tension Higher binding force —> lower surface tension
9.

solubility higher solute/solvent binding force —> higher solubility

.
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T-2 Fig. 1.5 Separation of Matter (mixtures, elements, compounds)

(a) Atoms of an element (b) Molecules
of an element

(c) Molecules (d) I\/ﬁxture of elements
of a compound and a compound

. @ 1997 by Prentice-Hall, Inc.
CHEMISTRY: The Cantral Science T/e Simen & Schuster/A Viacomn Company
by Brown/Lamay/Burstan Upper Saddle River, NJ 07458



T75 Fig. 11.5 Three-Dimensional Network Solids

Mg**

Magnesium oxide

(a) (b) ©

ATOMS MOLECULES
AND REACTIONS
Gillespie/Eaton/
Humphreys/Robinson

© 1994 by Prentice-Hall,Inc.
A Paramount Communications Company
Englewood Cliffs, New Jersey 07632



Chapter 11 + 9: Polarity, Binding Forces, Noncovalent Interactions,
and Dependent Physical Properties

Types of Binding Forces
¢ 1) Covalent bonds (between nonmetals)

~ S 2) Tonic bonds (between metal and nonmetal)
lewls; ™ 3) Metallic bonds (within pure metals)
ﬁm/g 4) Noncovalent Interactions (in decreasing strength)
7 Hydrogen Bonds (O-H, N-H, or F-H bonds)
* Dipole-dipole Attractions (for polar molecules, but lacking any O-H, N-H, or F-H
bonds)
¢ London Forces (only binding force between nonpolar molecules, but also applies
in polar and H-bonding molecules. Increases with increasing molecular weight.)

Network vs Molecular Substances

e Network (usually identifiable by presence of a metal T}
ITonic
Metallic
Network Covalent (diamond...)
¢ Molecular (usually identifiable by absence of a metal)
Network binding forces are strong, molecular binding forces are relatively weak

Recognizing Polarity { ov pafya'!mt idecafes

1. ABp Nonpolar If no lone pairs on central, znd all outside atoms same.
_ 2. ABp ﬂ”Polar If lone pairs on central atom. {
Ri% 3. AB Weakly polar No lone pairs on cemtral atom, but attached atoms not same.

ﬂ 4. Hydrocarbons Nonpolar
5. Halocarbons Very weakly polar

Ranking substances in terms of relative binding forces:

1. Identify network substances versus molecular substances
2. For molecular substances

a. H-bonding?

b. polar?
3. For molecular substances, what is the molecular weight? Greater molecular weight gives

greater binding force.

Note: when molecular weight effects counteract H-bonding or polar effects (such as methanol
versus acetone versus hexane!) you are not expected to be able to predict which has stronger
binding forces, except for special cases like H0.

Predictable ies that d indin rces

1. mp Higher binding force —> higher mp

2. AHg Higher binding force —> higher AH;

3. bp Higher binding force —> higher bp

4. AHy Higher binding force ~> higher AH,,

5. evaporation rate/volatility Higher binding force —> lower evaporation rate _
6. vapor pressure ‘ Higher binding force —> lower vapor pressure i
7. viscosity Higher binding force —> lower viscosity '
8. surface tension Higher binding force ~> lower surface tension

9.

solubility higher solute/solvent binding force —> higher solubility
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The effect of hydrogen bonding is
B evident in the abnormally high boiling
100 X fi0 points of H,O, NH;, and HF.
2 '

Lines connect molecules
—~ containing atoms from
the same periodic group.

S

"ol-—- O
o
=
[
D
Ql
£
[eb]
!_.

~100

Period

The dashed line predicts where
H,0O would.be in the absence
of hydrogen bonding.

Moore/Stanitski/Jurs, Chemistry: The Molecular Science
Figure 9.21
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Noble gases

Hydrocarbons

Halogens
No. e’s bp (°C) No. e’s bp (°C) No. e’s bp (°C)
He 2 —269 F, 18 —188 CHy 10" —161
Ne 10 —246 Cl, 34 —34 C,Hg 18 —88
Kr 36 —152 I, 106 184 C4H, " 34 0
* Butane.

Moore/Stanitski/Jurs, Chemistry: The Molecular Science

Table 9.5
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e 2 m _;.c 0
Nonpolar molecules Polar molecules
No. e’s bp (°C) No. e’s bp (°C)
N, - 14 —196 CO 14 —192
SiH g4 18 —112 PH;4 | 18 —88
GeHy __ 36 —90 AsHj 36 -62
Br, 70 59 ICI 70 97
Moore/Stanitski/Jurs, Chemistry: The Molecular Science, -~

Table 9. {



T-85 "

Fig. 11.5 London Dispersion Forces

Electrostatic
attraction

Helium atom 1

SHEMISTRY: The Central Sclence 7/e
w Brown/LeMay/Bursten

Helium atom 2

© 1897 by Prentice-Hall, Inc.
Slmon & Schuster /A Viacom Company
Upper Saddle River, NJ 07458



, =
_-____M@@eﬂixiy;m_/éa_uf_fm érm Feures ~

pcrhwfe Metwode bl lendd) 7 J+~®cndm;‘? Z,ow/c?m e ﬂa/o& R

CQ_(. 0 //eﬂw,//é or wclecular’

. _mmm;;:
<:; %%—ba%fm.m__422¥ /640 S

ﬂfuMMimw

i F@%@@;L-
s

F m{,u-— Ul , %FWL«;_ i
fﬁ[\/ éﬂ"akf 7£!C
D £ H- bcn Oy fa/a?m/\/

ez yal, (e ww S hreal

U ‘He,

T

P —




oU) R0 IUSI AY LHBL B

52240/ SJVUM Jdap uva

US|NAY /AU umDig Ag
/10U 0 RAMD SUL WHABHNEHD

| _
i ]
- *ON"HN ‘ID®N O'H H *HN LU IDTHD (8)41
sajdwexyg upagy ajdwexy ‘O°H pIio8 puw ‘gl sardwrexy “(N1y :sajdwexyg
pimbyj :sajdwexy : _ :
('8 uopdag) | . §3010§. (sajodyp paonpuy)
Juypuoq opuoj 83010j ojodjp-uo; §8urpuoq uaBospAy B ejodip-sjodiq HAjuo §3010§ UOPUO’] :
O oS \__ 4 . a \ﬁ

S | SHA | oz_ .

.W.“._ : SIS LT .
RS ) (SWONY J 100"

< SiA ‘N 0} papuoq swoje

> uadoipdy ary

Q 4

¥ ._

W | SHA

£ q i B - ;

,,M mcw“wmwwcumﬁ__.mmmu& b LPIAIOA T moﬁ_mwwﬂw_ﬂﬁmﬁo&
) ON xejod a1y SHA suotaty ON a1y ON

o S S - unL MBS S S

O = .

;.M N.W/M < x SUOJ 10 s3[ndajowr Jupgoesajug 3

= oSN
TET Ny
s g T3
I R S
M TM | fm S $80.104 18|N29|0WISIU| JO LeLOMO|d ZLLL 'Big 181
F AT =2 | |
© © @



FSPLU I N MAY SiDpTg Jeud))
Avedwo) wox~  Wenyog ¥ uowng
oU| - eofiUe. 1881 @

§2040f S{YUAA 43p UV

_
" FONPHN ‘10PN
oo durexy
i AN.Q ._.—Oa..—uu.mu : ..wmmmva_
'y Burpuoq dpuop foraopuoT

preEiI

]

. i L ,..,...__ww.._.\..“,w_, - .
SUO¥ 10,§3[NOBOW w:numuﬁ#ﬁ Q.. Hry ~o H-0) C\“&\E -H

T " . s

it
g O
PR P

Wef'ggéﬁ ?

/

H- ﬁoﬂdr‘ﬂﬂ;’
& folar gv /(/onﬁgfg/%

Tenic ov Moleculor
@ What 1S Molecalar

$00104 JB|N29[0WIdU| JO Yeyomold L'k “Bid

G ueston s

@
2

iy

SR
«..\&bu»@\ A0 ngm\v\ Q

uele ~ thepey/umoig Aq
®/L S2UL|IG |OX “UL AHLISIWEHD

O
S
& sak|i  ONfi
RS G :
= a%“ ¢Swioye J 10 ‘0
P YN 0} papuoq swoje
N uaBorpAy a1y ;
~ : ,
~ !
0 ]
= ;
= e UM Py, T o st Bt TS 4,
3 # ussard yroq ™ .ﬁ%ﬂ‘ N : " ipantoaur
. £ jjuasal , : T £¢PaAoAU
~ | SUOT pup SAMIIOWT pine n%:w%mwﬁz o sanoajout rejod o "
- : : ax
~ 1ejod a1y v .w\w:‘ K .ﬁ&—\w_ /m
S 0 R
ot o memiias ]

L8-1



jcﬂembi{vha " ;5, Fovees

OMﬂﬂ

(1~
(Other Shay Londen)

UH

@_which _hat Lowln as -O»—M%/ﬁ‘{‘ k:’ﬂd:‘t@ fovce ?

H S cl

CH,O

O




@j@égﬁﬁy_a g JFevees  (Obper M@L_LOMK/O’}L}

ot
o

Lo -;Qy/ QWJ%}? <

fgf; ol =7 Lk

C%C‘/H pel = H- b&nﬂ’:’qu

o low gaivs

Cooct, e =7 dijde-dliple

Fe,0n b€ \ Netwevk

S\;”L{ i C( ‘“—7 LO”JQ(C”

H-A=g H Yend »':51/&2 (.
Co . |;idf~ d ;;M/,a
VH, il lacm’iof;,

@ wiich  hat  Lowden as _'Q_M_Z;L bf‘ﬂfdl‘i@ fovce ?

/'_\\}
AL o ) e ) HO

L4

-




O which il have hwa'f Gp°  wp’

C
_ SCy Cl HioH CHCY, CH CHy
mws G4 70 ¢S 92
@uhich has highet wy’  Abct  Hockhed  (HoCH
[owrest @,ﬂ

ot
S O @f} OF

| CH,
@ CH, CH;}. CH, /UFéL CH- /U\/c,,z i
5
6 CHoH CHCY OH
@ a
RN SRR L
@ Lo, Lyom hghﬁp‘ fo lowert bp

@70 %__ 10 32



‘5

- Ou/kuch e le‘f .

mus 04 70

loiest b/? o, L
_ mhw i [,Lbﬂ{jmgﬁ 01 dj‘d}’_t’
f ) OF ___ nuwzlodw Foe
o
CH—————
) @3 CH, CH, 7) CH- ’U\; 7 : H‘bjcdr}éﬁ___
vl ] &gl -
& ClioH (cucwon ) Hhadirg
=
(4) Al - F CiHy  CO,  mw= Lonfon
g0 ) me 33 4y Force
N
& Loy, Lyow h:’?ﬁz"ﬁh‘fo [owest_fp?
Cth V0, LiF Cly CHoH
@ 10 a6 70 5o
& 0. e
ﬂa(afoliﬂcfﬁ* V\(T’TW\O'/"’ ) Honday, ;—Hﬁ%/m?;
ofucfe jont Lowdon onliy )



~ Bondy t Zoo cieal Hoo golisf

g @DJ_//ZMJ,%@/ e /}74_4/

!Z _ﬁl{:‘:_ Ciﬂi p,f . - . . -
syvap, A U S cos iyt Nagedanes. Zo f&w ik

nctov orl Vi ontin
"dww% e \

G V‘&;{W_IM =SS

- éﬁakv ‘FC#D:/:’? M 'KM%%
(v it oA ) e
b, Jufae Joupion
”/%M ,¥MMW

JAlar THE =7 ms- LT, )

ey =7 [ers I

IME gutls moltenlee Lrogrd, L,
1Akl g/ or g 5 %ﬁ% g

L tirte fé’uf// ey ool




16 The water

1.

A FIGURE

mercury .

W

QO

D
n o Q
EE:
oD o

(4o §0g ==
g 3
n 9
SR=Ns
o 87
N B @ WP
nmn
0 8 Q
5 0o K



Ments us Q-Vlevhl‘i’h‘;ﬁ
‘ H 0 in / { H? ¥ ?}laﬁ"
glass: ~  Coheson”
| l ad hesien 2 wdhesion

J Cohesion J

capiilary Action s Lfcbu:‘ds climb up
narrow tubes | (a?afnsf %Vavﬁ(Y)

r [ I
adhﬂia;l Cohwb"/ 5 [ adhesion U
wlls Surht‘.e Bl
Fup +ension:
Hs i .
walls PO
o Ou:ﬂiéh. | .“p. Sl |
e [iqud o0
(il r? ¢ surface
{atga l—cohesfo'l

Combined adhesion/ ]
coheson “steps’ h‘gw'd ) |
ug o narrw tufe R
(sometimes!)  Wey

1o plant br‘oloc}y"




Ca /%MWM 554 C@f(x@w /Zmbﬂfc{/ o

___W MMJW@% _

oy WW e az%ww

QUF 4o st o yurfe)

5

e }

L e

adiesie > cohesive -

o MV\ - Cohes/ve 7ad75mj?‘ Ve memryj £

Wo/&w&éﬁmm)

pladts, gt . Gntant.)

va/;z,/&(uf@f

— Mow! MO{M%/W/M

/]
UW - ;fﬂﬂfé




peter oil: quand rght ey,
o changy Jetwad 3P F— 700
— ‘/AJ.?/{IA/ SAE Aaulev (Soc Auke Engrveer )
g’-(‘U/EO (Wi?nﬁd
ab I F (k) % 4 Caps (oA
ab F (pumwdm  sipg (ki)
(AL le gorond putshnsr ALk ciriee
Fuhire: gy etei , M cowntiie Zo

W/Mv&i&ﬁmwmw
J‘AM@MW@W

— olially ¥ Lueak o %W)

HOEM%MWWW

e



(I-12
- HlW&//m/W F 5 e
 "Velghl liy ”‘"J@W Aor _W |

o —why O pom gy eumpeats foiti? Lk
4/{/07&56; Y/ .,/&/WML&’/?

focile Qzﬂ'g__aﬁ/_gﬂ&(on, bl Stady ol *



@ 2002 Thomson Learning, Inc,

Kinetic energy
threshhold for escape

Number of molecules —»

Kinetic energy —»

Moore/Stanitski/Jurs, Chemistry: The Molecular Science
Figure 11.4
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The normal boiling ...of ethyl alcohol ...and of water
1000 : ; . ;
point of diethyl ether (ethanol) is is 100 °C.
is 34.6 °C... 78.5 °C...
800 |
= o e L
=
E
E 600
s
=]
[
@
a 400
S
o
43
>
200
_
~40

Temperature (°C)

Moore/Stanitski/Jurs, Chemistry: The Molecular Science
Figure 11.5
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Moore/Stanitski/Jurs, Chemistry: The Molecular Science
Figure 11.7

Harcourt, Inc. items and derived items copyright © 2002 by Harcourt, Inc.
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Moore/Stanitski/Jurs, Chemistry: The Molecular Science

Figure 11.12
- Vapor heats. £
120 b------------c--“cc-“2-"-c-=-=-- -2
D E E
100 | F . !
: ...and then 1 ;
: boils. : '
o b : : ' :
© ; Liquid heats... : :
S 5r : ,
= . |
S Q ...and then melts. } : '
5 : ‘ 1 :
D g—rt e
-20 A E Solid heats... E E -
0412 3752 79.32 305 309

Heat added (kJ)

Hércourz, Inc. items and derived items copyright © 2002 by Harcourt, Inc.
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T-91B Fig. 11.25 Phase Diagram of H.0 and CO»
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