CHEM 1061-003 4 MAY 2015 @
WEEK 15 NOTES

(BECAUSE LECTURES 2

AND 3 OF THIS WEEK WILL BE
REVIEW OF THE PRACTICE
FINAL EXAM FROM 2014, THESE

ARE THE LAST NOTES)

gsﬂu- —_ PICK UP THE FINAL EXAM
FiLedT ' ANNOUNCEMENT FROM LAST WEEK

TOPICS TODAY:

FINISH CH. 12 (WILL ONLY COVER

§12.3, 12.4, 12.5)

1.REVIEW ON FORCES OF ATTRACTIONS

IN CMPDS (AND ATOMIC SPECIES)

2.DIPOLE-DIPOLE ATTRACTIVE FORCES

a. NORMAL: BETWEEN POLAR MOLECULES
WITHOUT N-H, O-H, or F-H BONDS

b. SPECIAL: BETWEEN (USUALLY POLAR)

MOLECULES WITH N-H, O-H, or F-H
BONDS- "HYDROGEN BONDING"

3. WATER, A UNIQUE SOLVENT

NnaTe
CHEM 1061-003 EINAL EXAMINFOQ
SCHEDULED FOR 10:30 AM-12:30 PM ON WEDNESDAY,
MAY.13.2015,ROOMS ASSIGNED ACCORDING TO
THE FIRST LETTER OF YOUR SURNAME (FAMILY NAME):

A-L_Smith 100
M-Z STSS 220 (NOTE: NOT 230!!

TEN POINT PENALTY IF YOU TAKE EXAM IN WRONG ROOM.

: J TAKE ANOTHER INSTRUCTOR'S EXAM
WITHOUT PERMISSION, YOU WILL FAIL THE EXAM
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FORCES OF ATTRACTION(#)

WEAKEST* (1) INDUCED DIPOLE-INDUCED DIPOLE

AKA: LONDON DISPERSION* OR
VAN DER WAAL' § ATTRSACTIVE FOI;CES

(LD'EfRCES) B J=)

(2) DIPOLE-DIPOLE, -
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(3)1ON-DIPOLE NOTE: ATOMIC IONS

-5 M o ARE INCLUDED HERE.
O\ THEY ARE THE
- f "ULTIMATE" IN POLARI
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-numi.'s‘ﬂ '\03 -’\?\-— + 0 M._o S A

*FEOR LABQE MOLECULES, TOTAL LD FORCES OFTEN

- EXCEED INDIVIDUAL COVALENT BOND ENERGIES.
THIS IS WHY LARGE BIOMOLECULES, LIKE PROTEINS,
OR MANY POLYMERS, LIKE POLYETHYLENE, CANNOT BE MELTED,
OR VAPORIZED WITHOUT DECOMPOSITION. THE

SAME IS TRUE OF MANY OTHER CMPDS WITH WEAK COVALENT
: BONDS AND/OR HIGH LATTICE ENERGIES.
, ‘ COVALENT EQNQS EXCLUDED; E.G., AN O- H BOND
. IN WATER.
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AL 1, INDUCED DIPOLE-INDUCED DIPOLE
Pormds OR LONDON DISPERSION FORCES, LD:
oF (L Sy " DisetSiav " Foarss

(NETTEA a. ACOUNT FOR THE FACT THAT EVEN
Paere)asTel  THE "MOST IDEAL" OF THE REAL

N GASES, He AND Hz, CONDENSE TO
LD FORM LIQUIDS AT SUFFICIENTLY LOW
TEMPS. 'hd'r sc:o OFTIL 1930

| b. BECOME STRONGER AS NON POLAR
MOLECULES ASSUME "LESS SPHERICAL"
AND "MORE ELONGATED" STRUCTURES;
LE.. LD FORCES OF ATTRACTION INCREASE
AS THE TOTAL SURFACE AREA OF THE
MOLECULE INCREASES-THEREBY ALLOWING
MORE INTERMOLECULAR CONTACTS

EXAMPLES: CONSIDER THE BOILING PTS, @
1 ATM P, OF THE THREE ISOMERIC PENTANES:

EXS acf‘-'ﬁ I WA
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c. LONDON DISPERSION FORCES
INCREASE AS MOLECULES BECOME

LARGER (LE.. SUR ONTACTS
OF MOLECULES INCREASE)
-C-MEDﬁ_B.EL.O.\&LAREALLNQN_EQIAR AvDd
CX4; X= H F CI Br w kL
nbp(°C) -161 -128 +77 +190 S——'L‘l
MGy 16 88 I54 332 SPHBuCAL |F
EHSE= C Si Ge Sn $

nbp(°C) -161 -112 -88 -52 "TREI
RS

[ NOTE: GRAVITATIONAL FORCES OF

A RE USUALLY TINY

AND INSIGN D
TO INTERMOLECULAR ATTRACTIVFE

FORCES. THUS, FOR EXAMPLE, THE
BQI_I_I_NQ POINT OF A SUBSTANCE

ONLY DEPENDS ON PRESSURE AND
IS INDEPENDENT OF GRAVITY (AT

EAST ON EARTH, MARS, MOON, ETC.)
BUT LIKE
FORCES BECOME HUGE; E.G.,

NEAR A NEUTRON STAR! HOWEVER,
ATMOSPHERIC PRESSURE ON EARTH IS
A FUNCTION OF ALTITUDE (AND HENCE
GRAVITY). THUS, THE bp OF WATER AT
SEA LEVEL ( 1.00 ATM P) IS 100 °C BUT
AT THE TOP OF MT EVEREST, ~29,000 ft,
(~0.30 ATM P) IS ~ 70 °C. BUT, AT 1 ATM P,
ITIS 100 °C ON THE MOON, MARS OR MN!

0&»25»5 Mf"\ B NApwm .
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CH4 n-C1oH22 n-C20H42 n-CaoHs2
nbp(°C) 161 +174 +340 DEC(¥)
mm o 6 4L WL Sl
(JTOTAL LD FORCES ARE SO LARGE
% [HAT C-C BONDS OF C4oHs2 BREAK
EAT CAN BE
I_()_BOIL THIS MOLECULE AT 1 ATM. P!

MANY HYDROCARBONS AND OTHER
MOLECULES OF HIGH MOLECULAR
MASSES MUST BE DISTILLED AT
REDUCED PRESSURES ( P << 1 ATM),
WHERE BOILING POINTS ARE LOWER,
TO PREVENT THERMAL DECOMPOSITION

P

MANY SUBSTANCES HAVE SUCH HIGH
MOLECULAR MASSES ( POLYMERS
AND MANY BIOMOLECULES) THAT THEY
, CANNOT BE DISTILLED UNDER ANY

= < CONDITIONS. THUS, ON HEATING THEY
DECOMPOSE! THIS IS ALSO TRUE OF
MANY SALTS, WHICH ARE EFFECTIVELY

"JONIC POLYMERS"




2, -

BOTH NON POLAR AND POLAR MOLECULES

ARE ATTRACTED TO ONE-ANOTHER BY

LONDON DISPERSION FORCES, BUT IN ADDITION,
ES CAN PARTICI

STRONGER DIPOLE-DIPOLE FORCES OF
ALIRACTION.

THUS, IF NON POLAR AND
POLAR MOLECULES HAVE ABOUT THE SAME

SHAPE AND MOLECULAR MASS (SO LD
FORCES ARE ABOUT THE SAME), POLAR

MOLECULES WILL INVARIABLY HAVF
~HIGHER BP's AT1 ATMP: E.G.,

SiH4 PH: SH:

non-polar weakly-polar polar

AEN 0.3 0.1 0.4
nbp -112 -88 -60
(°C)

MM 32 34 34
(g/mol)

DIPOLE-DIPOLE ATTRACTIVE FORCES IN PHs3
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DIPOLE-DIPOLE ATTRACTIVE FORCES

INCREASE AS THE DIPOLE MOMENTS
QRPOLARITIES OF MOLECULES
BECOME LARGER, EXAMPLES
(WHEREIN LD FORCES ARE KEPT
ABOUT THE SAME IN THE FOLLOWING

PAIRS OF MOLECULES):
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COMPARISON OF NORMAL BOILING

POINTS OF ALKANES, AMMONIA,
WATER, ALCOHOLS, AMINES, ETHERS

(OF ABOUT THE SAME
AND MM TO MAINTAIN APPROX.
—CONSTANT LD FORCES )

CHs NH: OH: FH
AEN 0.4 0.9 1.4 1.9
MM= 16 17 18 20
(g/mol)
nbp 161 -33  +100  +20

(°C)

_’
DRAMaTIC INCLEASE W NOP
CH3CH2CH3 CH3OCH3 CHsNHCH3 CH3sCH2NH2 CH3CH20F

MM 44 46 45 45 46
hbp -42 -25 +7 +17 +78

CONCLUSION: HF and MOLECULES CONTAINING N-
D O-H BONDS HAVE ABNORMALL

PQINTS. THESE ARE DUE TO HYDROGEN BONDING

AN ESPECIALLY STRONG D - -

ACTION, WHICH IS A PURELY COULOMBIC OR

ECTROSTATIC FORCE OF ATTRACTION.
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REQUIREMENTS FOR HYDROGEN BONDING
OR H-BONDING

a. MOLECULE MUST CONTAIN A VERY POLAR

E-H BOND, WHERE ELEMENT E IS USUALLY
N, O, or F, THE MOST ELECTRONEGATIVE ATOMS.
e ———————13

b. MOLECULE MUST CONTAIN N, O, or F ATOMS

HAVING ONE OR MORE LONE PAIRS. E.G.,
METHANOL, CH3OH STROAELST
| +4 IeoLL
\ /lJ ’ « 'bm'"m;a 1)
L0 M e "Thb.
QT RSN
—
— .
F_EWH-BONDING:”S’"‘

a. COVALENTLY BOUND HYDROGEN IS VERY
SMALL, HAS NO LONE PAIRS TO PREVENT

CLOSE APPROACH OF N, O, or F

b.N.O, and F ARE VERY ELECTRONEGATIVE
AND SMALL, SO THEY CAN CLOSELY

APPROACH A RATHER POSITIVE H TO GIVE
A QUITE STRONG DIPOLE-DIPOLE
ATTRACTIVE FORCE. IT IS TOTAL BLISS!!!
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INFLUENCE OF HYDROGEN BONDING
ON THE NORMAL BP's OF SIMPLE
HYDROGEN CMPDS OF THE CARBON,
NITROGEN, OXYGEN, AND FLUORINE
FAMILIES OF ELEMENTS
ONLY EH4 MOLECULES ARE NON POLAR

fle 12 Js

0o ]

Noarw. Doing #T (*C)
o

O,N_LLN_H}_,_[:[thALHF PARTICIPATE IN

HYDROGEN BONDING IN THE LIQUID
PHASE. ALL OTHERS ARE ONLY ASSOCIATED BY

OLE-DIPOLE AND/OR LD ATTRACTIVE FORCES




CULAR
IS POSSIBLE FOR HYDROGEN
MUCH SHORTER THAN
THOSE OF ATOMS IN OTHER POLAR BONDS:
FOR MPLE: COMPARISON OF THE
D -DIP TTRACTIVE FORCES IN
METHYL FLUORIDE, CHsF. VS CH30H.

(ESPECIALLY INTERESTING SINCE CHsF
HAS THE HIGHER DIPOLE MOMENT,p,
OF THE TWO MOLECULES!)

CH:F CH:OH

nbp(°C)  -78 +65  /\Nse): 143 Q'
MM(g/mol) 34 32
M (Debye) 1.85 1.70

AY THAT METHYL ALCOHOL IS A
MUCH MORE STRONGLY ASSOCIATED
LIQUID THAN METHYL FLUORIDE BE

ITS INTERMOLECULAR FORCES OF
e —————— U LAR FORCES OF

LEADING TO THE SIGNIFICANTLY HIG:HER
BOILING POINT. WHY ARE THEY STRONGER?




@

INTERMOLECULAR FORCES OF
ATTRACTION IN CHsF VS CH3OH

THE MOST POLAR BOND IS
PRESENT IN CHsF, WHERE THE

C-FE BOND IS MORE POLAR (AEN

=1.5) THAN EITHER THE O-H

(AEN =1.4)_OR the C-O BOND
(AEN =1.0) IN CH3OH. BUT THE
SHORTEST POSSIBLE INTERMOLECULAR

CeeeF CONTACT IN CH3F IS MUCH

LONGER THAN THE RELATED

QeeeH CONTACT IN CH3OH.

THE BOTTOM LINE IS THAT CH3OH
"WINS OUT" OVER CH3F BECAUSE
"d" IS MUCH SMALLER FOR CH:3OH.
THIS EXAMPLE EMPHASIZES WHY
H- BONDING IS UNIQUE AMONG DIPOLE-
DIPOLE INTERACTIONS, OWING TO THE
VERY SMALL SIZE OF ATOMIC HYDROGEN
EN BOUND TO NON-METALS.




ol anoour) e

FINAL TOPIC: WATER, A UNIQUE SOLVENT

1. WATER IS UNUSUALLY EFFECTIVE IN
ThE ~ DISSOLVING BOTH IONIC AND NON IONIC

Sl SUBSTANCES (ESPECIALLY ORGANIC
S1e MOLECULES CONTAINING N AND O ATOMS
OF W0 | OR BETTER, NH OR OH GROUPS) DUE TO
anD ITS ABILITY TO SOLVATE BOTH CATIONS,
u\e‘,uq E.G., ’Y\: .-.-é/lJ-%S
PoLan N
(Wart®™f AND ANIONS,EG., £
MD;" % AND NEUTRAL MOLECULES CONTAINING
ponTagr —LERY POL AR BONDS, SUCH AS CO2
| Yo-p, °_y U -4 Tblgo®k
s ' '‘O=C=0.,
)J\ S ; \‘\\ /"\
b= "n < O~ +§ °

P CI us COMMODlTY

BECAUSE IT DISSOLVES PRACTICALLY
EVERYTHING TO SOME DEGREE-EVEN

TOXIC MERCURY METAL HAS A SMALL
SOLUBILITY IN WATER, 56 ug/L at 25°C
(from Merck Index, 12th ed, 1996, p. 5953)
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DISSOLVING OF SODIUM CHLORIDE IN (4
WATER, A REVERSIBLE CHEMICAL REXN!
(SIMILAR DIAGRAM IN TEXT, FIG. 4.2, P. 136) b
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Figure 10.35 ‘ o | ¢ | i ;
Cﬂbic closest packing in NaCl x m:;z.rai;‘:_ ‘g‘;ﬁ\f&

Steven S. Zumdahl, Chemistry, Third Edition, © 1993 by D. C. Hegéand Company



FOR NEUTRAL ORGANIC MOLECULES TO

HAVE GOOD SOLUBILITY IN WATER THEY

MUST CONTAIN NITROGEN OR OXYGEN
_ATOMS SINCE FUNCTIONAL GROUPS

CONTAINING THESE ATOMS CAN FORM

HYDROGEN BONDS TO WATER.

FOR EXAMPLE, ACETONE, WHICH IS

TOTALLY MISCIBLE ( OR SOLUBLE IN
ALL PROPORTIONS) WITH WATER.

No -5
K. '
IS L + S Py
=0 M0 — %Q\,Q=of
o (oxcess) B a0
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RNNSIBLE Vv asTiop OF ACSTONE

=

Eotaa
ACETONE CANNOTTFRQM HYDROGEN

BONDS TO ITSELF, BUT IT CAN

Y "BREAK INTO THE
: WORK OF WATER" BY
\ _FORMING H-BONDS TO WATER.

\_\_“
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THESE FUNCTIONAL GROUPS ARE
CALLED "HYDROPHILIC" (WATER-
LOVING) BECAUSE THEY HAVE
OXYGEN OR NITROGEN ATOMS
WHICH CAN FORM H-BONDS WITH
WATER. ALCOHOLS, AMINES,
CARBOXYLIC ACIDS AND OTHER
CMPDS WITH O-H OR N-H BONDS
ARE_ EVEN MORE HYDROPHILIC
(AND MORE SOLUBLE IN WATER)
BECAUSE THEY CAN BOTH DONATE

AND_AQ_QEELH;B_QIH_QS_._E._G-,
T X
h_:c-—- O'\,:f -5 _m
( ¥ .4,£ . O\p
R-OH ALCOHOLS
R-O-R ETHERS F—— MAYy ETIRS
R-C(O)H  ALDEHYDES Mﬂ ‘g""-‘l
R-C(O)R  KETONES mmu

R-C(O)OH CARBOXYLIC ACIDS Wk e
R-C(O)OR' ESTERS
R-C(O)NR'2 AMIDES

R-NH:2

RNHR®  AMINES }}‘iﬁﬁa
R-NR'2 { “ar
R-NH3(+) AMMONIUM IONS Am,p¢8
R-NO2  NITRO CMPDS N g

\ R-CN NITRILES



HYDROCARBON GROUPS ARE CLASSIC < )
"HYDROPHOBIC" UNITS (WATER HATING OR

FEAR OF WATER) SINCE THEY ARE UNABLE
TO PARTICIPATE IN HYDROGEN BONDING.
THE C-C AND C-H GROUPS ARE SO WEAKLY
OR NON POLAR THAT THEY CANNOT
"BREAK INTO THE H-BONDED NETWORK

OF WATER". ALSO, ORGANIC HALIDES, EVEN

ORGANIC FLUORIDES, CANNOT FORM
EFFECTIVE H-BONDS WITH WATER. AS A
RESULT, THE FOLLOWING MOLECULES
(AND SIMILAR SPECIES) ARE POORLY
SOLUBLE IN WATER:

Clh,
—~\, D] .
Perton +alwenn ‘
CHally '%an—cm}
Skl srommdhan.
CUy fou/ ViNYL.CP-LouAS v
— | |

CW'lu\\ “o.“fuda,(w\ilg



PRESENCE OF LARGE (OR LONG)

HYDROPHOBIC GROUPS BOUND TO
HYDROPHILIC UNITS REDUCES THE
SOLUBILITY OF ORGANIC MOLECULES

IN WATER

EXAMPLES SOLUB. IN WATER
ALCOQHOLS fully
CH30H, C2Hs50H, C3H7OH ?miscible
CH3CH2CH2CH20H limited
RC(O)OH (cARBOXYLIC ACIDS)

Lull
R = CHs, C2Hs, C3H7 miscible

CH3CH2CH2CH2C(O)OH limited
C4h, W ou™

Na(+) C4HoCO2(-) very soluble
SoDwm SALT oF (forms micelles)
A Logle coaw C«mem_ lop
YDROPHOBIC
GROUPS IN WATER SOLUBLE
"GLOBULAR" PROTEINS PLAY AN

IMPORTANT ROLE IN DETERMINING THE
3D STRUCTURE AND PROPERTIES OF

THESE IMPORTANT BIOMOLECULFS




INTERESTING CHARACTERISTIC OF
AQUEOUS SOLUTIONS OF :
FORMATION OF MIC S

/.Q_ k-!-
S~ L—-,.\_/O

LONG HYDROPHOBIC HYDROPHILIC ’)\:
HYDROCARBON CHAIN CARBOXYLATE
DISSOLVES IN NON- DISSOLVES IN

OR WEAKLY POLAR WATER AND OTHER
ORGANIC SOLVENTS  QUITE POLAR SOLVENTS

MICELLE FORMATION (AKIN TO A WATER
SOLUBLE GLOBULAR PROTEIN). NICE
EXAMPLE OF "

CHAINS "DISSOLVE"
(AND TRAP GREASE)




DEMO FINALE:
"THE GROWLING

GUMMY BEAR"™

IN THIS DEMO,MR. GUMMY BEAR
WILL GIVE HIS ALL FOR SCIENCE!

ST —

THE REACTION SHOWS THE GREAT
REACTIVITY OF POTASSIUM CHLORATE,
KClO3, A COMMON INGREDIENT IN
FIREWORKS.

GUMMY BEAR: MAINLY A MIX OF
GLUCOSE/FRUCTOSE, C¢ H;30¢

THE KCLO5;MUST BE MELTED,

mp ~368°C, TO INITIATE THE REXN

4KCIOy + G H,0y~> 6 CO, AKCI +(H,0

e | 0n l"—-rezs\'-‘r\%aa




