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The Internal Energy of an Ideal Gas Depends on Temperature
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The graph at right shows two isotherms
corresponding to pressure vs. volume of
a sample of ideal gas at 400K and 300K
respectively. Path A shows the isobaric
compression of the gas from initial state
i to final state f,. Path B shows isovolu-
metric cooling from initial state i to final
state f,. Which of the two transforma-
tions represents the greatest internal
energy decrease for the gas?

400 K
300 K

a. Path A @ The internal energy changes are equal

b. Path B d.  Both paths increase internal energy



1990 cemal (pM'\'«K(; >n
A piston containing ideal gas is slowly compressed in ol d
thermal contact with a heat reservoir. Constant tem- =y~
perature is maintained throughout the compression.
Which of the following must have occured?

Auw=0

Wofl \x
W =(CAV

eat flowed into the reservoir.

bp7 The pressure of the gas decreased.
_e7” The internal energy of the gas increased.

A7 The internal energy of the gas decreased.
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In the Bohr theory of the atom the energy of the

n-th level for any atom 1s given by the follow- "
g equation € 2=\ G L“n‘m N »)
E = —13’;62Z~ \Y
~ A= 1,013 ote . & -‘506
where Z 1s the atom’s atomic number. Which A
of the following is a true statement according to « eV

the theory?

@ A ground state hydrogen electron has T‘M‘

about 13.6 ¢V less energy than an electron
far from the nucleus.

B. The 1onization energy of hydrogen 1s ap- Tonaizehn &«5151
proximately 50 eV. .

C. The mummum energy possible for a hy- of L.'L\ ‘)‘V\ 'S
drogen electron 1s zero.

D. Less energy 1s required to elevate an elec- \z A ‘V

tron from the ground state to the 2nd en-
ergy level than from the 2nd to the 3rd.
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Quantum Numbers and Atomic Orbitals ob \ethong
n = principle quantum number gl. ¢|| e Schroedagar - Hae
Electron energy within an atom mainly depends on the principle quantum number, n, which can Weve & \g ¢ k..q
have valuesof 1, 2, 3. . . Orbitals with the same principle quantum number are said to belong
to the same shell. Shells are designated with the letters 1 =K, 2 =L, 3 = M, axl so on, - PW\\ exedvéion
[ = angular momentum quantum numbe Sshadl 5.0, e on wib bl Wil

[ determines what kind of subshell contains the electron. [ Z \hant ey

values are constrained by n. For a given value of n, / can be o o
° A\,Lk.v 'ﬁh(\" <

any integer: 0, 1, 2 . . . n - 1. The subshell determines the
shape of the electron orbital. Subshells are designated with o 2, LS
letters correspondingto 0=5,1=p,2=d, 3= c:l(. < subshell p subshell 1+ 1s 29 s ;' l‘ls 3!0
m, = magnetic quantum number 0_"‘\5. i) orbital orbital e e\

m,, determines the orbital within a subshell. ¢ R wd''s .

It’s values are constrained by /. Fora given /, l‘ r r

m, can be any integer between -/ and /. Thus, / “

an s subshell (/ = 0) has one orbital, while a p

subshell (/ = 1) has three (m, = -1, 0 or 1).

m, = spin quantum number ‘rg.. " The three orbitals of a p subshell. - =1_\:
In addition to orbital angular momentum, chlracterized by /. electrons possess quantized angular "
momentum corresponding to rotation about their own axis. The values of electron spin are

designated by the spin quantum number, m . which can be either +1§ or —3. \ / .-'. 1\}
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The graph below shows the variation across the
2nd period of the periodic table of this property

ionization energy
electron affinity
atomic radius
electronegativity
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Potential Energy

U{ - bond dissociation energy

, Internuclear distance
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The stretching vibrations along the bond axis
of a C-H bond in ethane absorb infrared radia-
tion of lower frequency than the IR radiation
absorbed by a C-H bond of ethylene. Which
of the following statements can be deduced
from this evidence?

@ The carbon-hydrogen bonds in ethylene
are stronger than the carbon-hydrogen
bonds in ethane

b. Ethane has free rotation about the C-C
bond axis

c. The C-H bonds are shorter in ethane.

d. The percent composition of ethane is
greater for hydrogen.

ethylene
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A monotomic gas molecule such as t
He possesses only kinetic energy Q\Tv KG :\O
deriving from its linear motion. - ' ,

: . . translational motion - three degrees of freedom
A diatomic gas molecule, like Cl,,
in addition to translational motion,

can also rotate and vibrate. What 9‘_:’0 %
does this difference tell us?

rotational motion - two degrees of freedom

0 \\\\\\ e — 0.9
_

g X vibration - two degrees of freedom
a. Helium is a noble gas.

b. Chlorine has a higher molar heat capacity than helium.

c. At a given temperature, helium molecules have greater average
translational kinetic energy than chlorine molecules.

d. The chlorine molecules have greater average translational kinetic



Heats of Combustion of Nutrient Molecules

Triglyceride 626 kJ/mol carbon

Glucose 466 kJ/mol carbon Yocand
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The First Law of Thermodynamics

o-w*™ T

O—PAV

= intemal energy change
= heat flow

AU

0

W = macroscopic work
P

AV

AU

= constant pressure
volume change

work

Internal energy change results

from the combination of heat
Sflow and work between the
system and its surroundings.
In this example, the internal
energy of our ideal gas system
became greater (the particles
are moving faster in the final
state) because more energy
entered the system through
work than departed the system
as heat flow.
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The Internal Energy of an Ideal Gas Depends on Temperature
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internal energy n = moles of gas
number of molecules R = idcal gas constant
Boltzmann’s constant

R | Avogadro’s number

temperature



Molar Heat Capacities (J mol" K™) ;\c

translational motion - three degrees of freedom

He 20.5 N, 29.5 H,O 33.5
Ar 205 F, 314 co, 37.2 o
'3/ rotatior;al motion - two c;egrees of freedom
mol K
@@ = 0-0
KE ol — KEW"S + KE_+ KE,, vibration - two degrees of freedom
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2H(g) — Hy(g) + 432 kJ mole-!

H + H.

Energy

a o
12

0.74 A Internuclear distance
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A positive value of AH for a reactionfmeans

that:

A.

B.

©

H=W+ PV

The internal energy of the substance has
increased. (ealy i€ AV |4 0)

Heat 1s given off to the environment dur-
ing the reaction.

Heat 1s absorbed from the environment
during the reaction.

The reaction 1s exothermic.



Which of the following statements is true about
the following exothermic reaction, when car-
ried out at constant temperature and pressure?

2H,(2)+0,(g) —= 2H,O(g)

D weles 2 wmdis

The magnitude of the change in internal
energy over the reaction 1s greater than the
magnitude of the enthalpy change.

The magnitude of the change in internal
energy over the reaction 1s less than the
magnitude of the enthalpy change.

The magnitude of the change in internal
energy over reaction 1s equal to the
magnitude of the enthalpy change.
Impossible to determine any of the above
from given information.
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H—C—OH
HO—— C—H
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H e G O
CH,OH
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0
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Gbﬂs Bond Energy

KJ/mol
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o H-C 411
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Given these bond energies:

H-H (435 kJ/mol)
Br-Br (192 kJ/mol)
H-Br (368 kJ/mol)

Which is following would be the best estimate
of the enthalpy change of the following reac-
tion?

H, (g) +Br,(g) —= 2HBr(g)

A. 26k
-109KJ

C. 259k H, + B¢ 2R,
D. 109k
F435 N\ i /- (2 %x369)
AL L

th



C(graphite) + O,(@ ——» CO,(q) AH® = -393.5 kJ mol"!
H, (@) + %0,(g) — H;0 ()) AH® = -285.8 kJ mol’

6 C(graphite) + 6H;(g) + 30,(g) —— CgH;06 (1) AH® = -1250 kJ mol™!

Stadued Qohs \ cau'l\. 4"

of 4 clemats e\ LM
caupl..’k U), .
Na("‘““) 68 AW = AH'J,,JQ - Aut«—gd‘(



Stadad cale\pis V¢ formadinen

Chemical Compound Phase (matter) | Chemical formula | & H,-° in kJfmol
Ammonia (Ammonium Hydroxide) | aq NHz (NH4q0H) -80.8
Ammaonia Q NHz -46.1
Copper () sulfate ag CuS0g -769.98
sodium carbhonate g Na>CO3 -1131
Sodium chloride (table salf) g NaCl -411.12
Sodium hydroxide ag NaOH -469.6
Sodium hydroxide g NaOH -426.7
Sodium nitrate S NaMNO3 -424.8
Sulfur dioxide Q 502 -297
Sulfuric acid I H2504 -814
Silica S Si0z -911
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Reagents » Products

A

Y

Elements in their Standard State
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Standard Enthalpies
KJ/mole
Glucose <1274
0, 0
CO, -286
H,O -394
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The entropy of the world
only increases.

It never decreases.



The greater the number of microstates
corresponding to a given macrostate
the greater the probability of the

macrostate.
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world system environment
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Which of the following statements about the
relationship between AG?, the standard free en-
ergy change. and K, the thermodynamic equi-
librium constant, 1s untrue?

A. If AG, 1s large and positive, K 1s very
small.
B. If AG, 1s large and negative, K 1s very
large.
C. IfAG,iszero,K=1.
@ All of the above are true.



Which of the following 1s the proper expression
of K_for the following reaction?

4NH, (g) +30, (2) 4NO(2) +6H 0 (2)

A. [NHJ[O]
INOJ [H.0]

B. 4NO] 6[H0]
ANAJ 503

(c) Nop* HOr
NHJ*[0]°

D. [NHJ'[OF
NOY* [H:0]°




The equilibrium constant under standard condi-
tions for the reaction of SO, with O, to form

SO..K =15x 10"
3* ° X Esosjk

250, (g) + O, (g) 250, % (g9t Co;)
If 0.01 mol of each of the three gases are pres- (.o\ ) L
ent along with argon in a 1 liter container at - -

STP. which of the following is occuring? i ( ol )‘ ( DI)

A. The forward reaction occurs at a higher
rate than the reverse reaction. Q = |00
The reverse reaction occurs at a higher
rate than the forward reaction.
C. The reaction 1s at equilibrium.
D. Pressure is increasing in the container.
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Hydrolysis of ATP >
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H 0 + | OPO, =
g o ﬂ' Glyveeraldehyde 3-phosphate \g “ " + 3

dehvdrogenase

H— ¢ —OH + NAD* + P — — NADH + H"
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AG’
hydrolysis

-12.0

phosphoenol-
pyruvate

1,3-bisphospho-
glycerate

phosphocreatin

ADP

ATP

glucose 6-phosphate

glycerol 1-phosphate




3H, (@+ N,(@ — 2NH; (9)

oMt L Selilra

Uhen K.>K‘_ reedon sh Ul o

(avor wcay~tss

AH® = -46.2 kJ mol’
AS® = -389 J K1 mol’

AGY = -16.4 kJ at 298K
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low temperature

very high temperature
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[f a chemical system at equilibrium experiences a change
in concentration, temperature, volume, or partial pressure,

then the equilibrium shifts to counter-act the imposed change.
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The reaction of sulfur dioxide with oxygen 1s as
follows:

350, (2) + O, (2)
AH = -197.8 KJ mol-1

250, (g) + laeat

At 1000°C and 0.3 atm, the equilibrium con-
stant, K . 1s equal to 3.42. Which of the follow-
ing strategies would increase the'(yield of sulfur

trioxide? ¢ ‘v\,\,ﬂ,
@ Increasing the pressure of the

reaction vessel
A Introducing a catalyst
AT, Heating the reaction vessel further

I
I and III

C. IandIII
D. I.IIandIII
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5X102 M
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concentration change

time interval mc«/\d 1t H.¢ vate

Rate

-1 A[A] -1 A[B] 1 A[P] 1 A|Q]
N, At N, At N, At Ng At
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2 HI (g) - Hy(g) + L(g)
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Choose the correct rate expression for the reac-
tion below

2MgO + S1 ——= 2Mg + 510,

A. rate =k [MgO] [S1]
B. rate =k [MgO]* [Si]
C, rate =2k [MgO][S1]
impossible to detemine from given infor-

mation



If the reaction rate 1s quadrupled by doubling
the concentration of a reactant, the order of the
reaction with respect to that reactant 1s

A. 1

:
C. 4

D. cannot be determined except by

experiment 2 \
vore = ke (AD ()

3d A rcitha Ast 4

214, Nlo( V\\L e "P“"
o A



CH3CHzBr + NaOCH3 —_— CH3CH20CH3 + NaBr

SN2
Rate = k [CH3CH28I'] [NaOCH3]

Total order: 2

CH,CHBrCH, + NaSH  —— » CH,CHSHCH, + NaBr

Rate = k |CH;CHBrCH;|

Total order: 1
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[B] 05M 05M 1.0M 05M » B O
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The decomposition of N,O. in carbon tetrachlo- 50x10°s

ride can be represented 40x10*s
C. 20x10%s
N,O. —= 4NO, + O, D. 14x10%s
The reaction rate equation was found to be
} 0.69
rate = (6.9 x 10 M s7) [N,0] 1T
.9 % lo

|
If we begin with 30 g of N O, in solution, ap- * "~ 7745 5~
proximately how much time elapses before only -
| g remains?

|
I v LR

\ \ -'
|

© i 73



Free
Energy

— O0cChupkd Complex
(A gnss b $“‘-¥°)

ochvihan

tﬂw”

Reactants

Products

Reaction coordinate



Free &
Energy

Reactants

v = k[APB]

Products
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Reaction coordinate



Kinetic energy

$3|NJ3|0W JO uolldel



inche vs Tmedpan e Crahol

— _ir —j 1‘
H,C=— CH H, 2pede
Bl'z

H,C=CH—CH=CH, ——m> +

: : Br Br
Conjugoted diene z(-l/ é 1 A product
H CH=—CH—CH,

'3.\’ N be /t.a";_
W&~ C-CHTCN, &> o _c=ceH —Cy;
H

&
2 = Lnehe ?oL(A‘
pﬂ.‘:—a ¢4 ‘OWT

l,4 3 -ﬂ.NMoHMw-L ?nLc\»
forond a LN T




Energy

reactants
e.g. C;H,,0,+ O,

without enzyme N

activation
energy without

enzyme

energy with
enzyme

Pnzyme I activation

v

overall energy
released during

reaction

products
CO,+H.0

Reaction coordinate

C 0“'6‘\,9 S

o Jowns aChaton
Mve,



In the presence of a catalyst

I. Effective collisions among reac-
tant molecules become more
likely to occur.

H. Chemical equilibrium will shaft
toward the products.

III. The activation energy for the
reaction 1s lowered.

A, 1
, I and III
" IIand III

D. L II,andIII



S50\ohons

Solvent Solute  hamaqeacr
gas gas
liquid gas
liquid liquid
liquid solid
solid solid
Vs
Sus PSS oyl S\as
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Concentration

dpseovs $ ol ibn g

Mole fraction: F'::'“‘ - il
ny [ ST .
‘\'A=I?A+ nB+°"
Rasly's Law
- °
o = X fup

Percent by mass and volume:

mass of solute
mass of solution

mass % = x 100%

vol of solute
vol of solution

vol% = x 100%

fﬂnd\t.d e b Snimn it
lew '..t.ulc

amount of solute

amount of solvent or solution

e 'w“ ,.,u‘ 400mL of 0.2 M NaOH soluti
H | mL or U, a solution
Molarity “"* -

?
Cohe o ," st How :;an)y moles?
moles of solute (0.L -L- (.tlb -

6.0 g NaCl (MW 58.4) in water
makes 250mL of solution. Molarity?

Molality 6%y %.\

—_ moles of solute ( :_‘_’.1 \L ‘1\ : ol ol

kilograms ofsoI\ ent
a‘#'

0,08 we|

liter of solution
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i (3¢ elevahn n n§
;P J"fcs’.bﬂ



WA‘er\JX‘—-—' A\ss.\«J L'\u 'delv) Lkr

+ DG
e, F o Tt g M~ M e,
+ A N/%\a&/%\u“/%\“/%




Solubility in Water

Methanol infinite
Ethanol infinite
Propanol infinite
Butanol 90g/kg
Pentanol 2.7g/kg




H H H H H
| 0 I 0 I 0 | O | 0O
H,N*.*C - C® H,N*-*«C-Ce | HN*-°C-C® | H,N*-°C-C® H,N*.oC - Ce
| 0 | S0 | ‘0 I 0 I 0O
(CHy), CH, CH, O, - CH,
| I (
C=NH, C=0 H
I | OH
NH, NH, Phenylalanme Tyrosme Tryptophan
Argmine Glutamine (Phe / F) Ty /1Y) (Trp, W)
(Arg/R) (Gln/Q) - v -
H | 40 | 0 | O
| . H H,N*-¢C - Ce HyN*.2C.Ce | HyN*.*C.Cle
HyN*-*C -C@® | 0 | 0 | ‘0 | ‘0
[ 0| HN*-«C.Co CH, [~ \ "CH, CH,
(CHy), I 0 HN N I
| H A OH
NH, Glycme Alanmne Histidine Senne
Lysine (Gly/ G) (Ala/ A) (His / H) (Ser/ §)
(Lys /K) H H H H
H, | D | 0 | /0 | 0
c H;N‘ °°‘C N ':‘ 2 H;N‘ -f N ':‘ ‘a H;N‘ "“C B (:‘ .f:’ H;N‘ ’%: = I-_‘ ‘9
2N | 0 | 0 | ‘O | 0O
H’C\ /CH’ ¢ CH, CH, H-C-OH CH,
s | I I I
. - C e
b CH, COOH CH, SH
Proline ' |
(Pro/ P) COOH
H Glutamic Acid Aspartic Acid Threonine Cysteme
| o (Glu/E) (Asp /D) (The /T) (Cys/C)
HyN* -oC - Cs H H H H
I 0 | 0 | 0 | pal | ',,r':'
Tﬁa HN*-oC-Ce | HN*-oC-Ce | HN*-oC.Ca | HN*-oC.-Cle
| U | ) ] 0O | ‘0
‘f“: CH, CH, HC-CH, _CH
I I | .
-‘;’ s c=0 CH, CH, TH,
I I
CH, CH, CH, NH, CH,
Methionme Leucine Asparagine Isoleucine Valine
(Met / M) (Leu/L) (Asn/ N) (lle / 1) Val/ V)
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Hofmeister Series

F~ ~ SO} > HPO; > acetate > CI~ > NO; > Br~ > ClO; >1" > ClO; > SCN~
NH} > K* > Na® > Li* > Mg*" > Ca’" > guanidinium



Elecholydes
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Endothermic solution process - positive AH

heat + solvent +  solute » . solution

3

Exothermic solution process - negative AH

solvent <+  solute - . solution +  heat

.




CuSO,(s) ——" Cu*(aq) + SO (aq)

CuSO,(s) =<——= Cu®(aq) + SO (aq) C\f

C ,' .. ‘. ) T ¢olwn
CuSO, - c.1u\\h\\- (el
Solution A=A

6 A Sahsidd

\:. sobhan .

e

o
s




SOLUBLE INSOLUBLE

Na*, K*, NH,* S
+ 2 o) “ o XS
Fl 4" ‘ o (except with Na+.K . NH 4+, .\'13"+. Ca“+, Ba“+, Srm )
NO.~
3 be asellele B
2 - - 02 . 5
Cl ’ Br . I (except with Na+. K, Ba"+. Sr“+_)
4 4+ +
(except with Pb*™ Hg,,‘ . Ag+& Cu )
: OH‘*
SO 4 (except with Na+, K", Ca2+, Ba2+, Sr2+)
2 V4 2
(except with Ba", Sre o, Pb",
2+ 2+ 2+ 2_
ng ,Cao & Agz ) CI‘O_‘
(except with Na', K™, Mg*", NH )

4 po3 & cor %X
(except with Na "K' . .\'H4 ')
Dt vy sood
all +L nl\l-., 1(\“1
Jd—"-h.



Testing an Aqueous Solution for the Presence of Flouride

CaCl, (s) - Ca®* (aq) + 2CI (aq)
/"

Covwrmen, 100

Ca**(aq) + 2F (aq) - CaF,(s)

CaCl, < olh\

(e Fz &~ \olle



PbSO,(s) = =~  Pb*(aq) + SO, (aq)

[Pb**][SO,~]
1PBSQ,]

K. = [Pb?][SO,2] « Slislyy prbsct

sp

253 X 10°°

as' - ;On Q"‘Ld"
Con
1‘ Q‘P < KSP Nd(.g(a\\h
pye (l,' >\Ls' Prcc'-?ﬂo\n.m

X£ Q‘l’ = Wsp Sehact<d



A,Bq (s)

CaF, (s)

~ — P A* (aq)

K, = [A*] [B"]?

Sp

= ~ Ca®(aq)

K, = [Ca*[FT’

-+

+

Q B (aq)

2 F~ (aq)



Calcium oxalate

Q of 8
Ca" >C—C<

0 il

NS"‘ Crmmwran

CaC-r0y4

2.7x107?



Gout is associated with the appearance
of crystals of monosodium urate
monohydrate (hereafter called sodium
urate) in the synovial fluid, causing an
inflammatory reaction. There is a good
correlation between the incidence of
gout and raised serum uric acid
concentrations. In particular the
occurrence of gout increases rapidly
with concentration above the
saturation solubility of sodium urate in
physiological saline, about 0-4 mmol/l
(7 mg/100 ml). Apparently we can
view the development of gout as
stemming simply from the process of
precipitation from a supersaturated
solution.

What 1s the Ksp of sodium urate?

(Concentration of physiological saline: 150mM NaCl)

‘Na*

H

NZ N
J L )=

N

O ” H



PbSO, (s) = — Pb%* (ag) + S0,% (aq)

sp
i
x J‘P‘ ct {“W&-Lm ‘
What is the molar solubility of PbSO,? ~ (pb™1(%oy ) = 25 %10°

" P"; U,o Cﬂ“j - [Qq‘.]
el [PL2+] = x

l.l- ¥ \0-..1 M X* = 2,6 x107°
= LLXx 0"
What is the molar solubility of PbSQO, in a 0.1 M solution of Na,SO,?
[so3 [~ o.1
e L34

2,5 b3 |D.7M [Pbujio.‘] = 2.6 >| o-v

(PL¥] = 2.$>~ta'7 M



CaF,(s) = ~ Ca**(ag) + 2F (ag)

1 liter of saturated CaF, solution was evaporated at room temperature, leaving
0.017 g (2.2 X 10-4 mol) which was collected as a residue. Calculate the
K, of CaF, at room temperature.

Gl {ahvin [C‘.“] < 2.2 rlo"'.‘.)/‘_

[e-): U4 xip " w)
K= [eaI(F)°
(2.25)077)(Y.¥ mo")z

J
20 <107
Y

- - -\
(Zrlo'")/ 2 X l07>' H x0



Yy*
o CaFy(s) = ~ Ca%*(aq) + 2F (aq)

The solubility product of CaF, is 3.5 X 10-11, calculate the molar solubility of
CaF, at room temperature.

K

Cea*1(F) = 3.6 x10°
coll (€2*] = ¥
[F): 2x

x> = 35 x%10 |

x> = bq %10

3 -\
X =9 »\o

Xz 2. x\Q

sP‘

\.}



Which is more soluble in water? Tri ey

xl - q.\*lu.‘

CaCOS Ksp= 4.8 X 10_9 7g|°"
VAGCO;  Ky= 48 X 107 | 5oy vio™”
: \xlo'q

Which precipitates first when concentrated Na,CO; is added to
a solution 0.1M for both Ca2+ and Ag*? L~

(0.1) [eoy) = 4,9 %07" (01" (03] §3eig"

-«
[e0]= 4. 3% 107 [} $A%I0



MACK? N
The solubility product constants of AgCl, AgBr,

and Agl are, respectively, 1.7 x 10°,4.1 x 102,

and 1.5 x 10!, If a concentrated solution con-

taining KBr 1s stirred with solid AgCl

A . silver will be oxidized It ¢
‘3 AgCl will dissolve and solid AgBr will .

e V'] ,,,‘ (4
precipitate oV ‘\/\—'\
C. o reaction will occur faBe [Aqth

D. silver will be reduced

Aél GCvmamon ' ( M&fr\c R P“w\

pet = Ag 4 cu

ed 2n* )
th Za B, o\ ) PR & A ¢ 4R — Aqbr
evd e Soldha and  Pvple 3 sl
‘g; 102 -
.,/ .-.\ % N:‘ pl—
)’N/Z'\‘ | fawr e R Aclu “Gf ASG" + C\
o\ NY A Matoale g Sclehon bouced
N . wask Sl vble




The K, of FeSis 8 X 107"°. The K, of PbS is 3 X 107, In a solution
containing 0.1 mM concentrations of both Fe?* and Pb?*, which will
precipitate first upon dropwise addition of 0.01mM Na,S?

What is the lowest concentration of Pb?* obtainable before FeS
begins to precipitate?



W A Gnan '8 o Wele lose.
MgFo() === Mg*(ag) + 2F (ag)

H*(aq) + F~(aq) = — HF (aq)

oo vl oy 4 altar ke by ot My

0l e (Nwln\a.. Wwelv $ ¢ asbovncte
C—‘c‘os ~— CA“ + QO;.
(0,2 + W = HCO; & bhesdonse
hCO}' + U — \-I,CD3 < W\C &C‘A

Come-NeS L\ltbg — U0 ¥ ¢,



Many hydroxide salts are insoluble.

What effect will eh\éﬁ&% pH have on Lead(ll) solubility ?

Pb(OH), K= 1.4 X 107%°

f““
cord
. ¢ >
Yot H* + oW\ —= W,
x
\ouw\x

Ou-
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mole fraction of A

9 8 7 6 S 4 3 2 A
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c,:uvl--u

Freezing Point Depression and Boiling Point Elevation

("'l"":" Us e 2 Gs Nat\
\&|it
LS oo
¢0 AT, = kf (i) m Mol

k1 fs(w-*

ol AN A TBP = kb (1) m

For water, ks = -1.85 K L' mol”!

For water, k, = 0.51 K L' mol’!



1T atm

Pressure

Gas

Temperature



The osmotic pressure IT in a solution of volume V liters containing n moles of solvent
is given by the van't Hoff equation:

[1V =nRT

- — °
. o
w : >
ot R e '
ar‘d\’\ & VMN> \ .
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Brensted—-Lowry Acids & Bases e« aesd = prodn dorer
béige - proten rediler

An Bronsted-Lowry acid is a proton (H*) donor.

HCIL ——  H* + CI
HO — H*  + OH-

oher 3 fEvOwry
An Broensted-Lowry base is a proton (H™) receiver. Aﬂ'b% -
NH3 E H+* —— NH4+ oead - “‘ donor

bog - O " dvane
HO + H : H,O" oud 1\eme — 54l + o

Ll.u:: - glecnon par Tetslver

bage - Cleckna pa'r o



* aatvrh % (qwoos s-‘\:c‘has

acid base base acid
H,CCOOH + H,0 =——=  H,CCOO + HO"'
G e A ikt
ocid

W ek “-:k od beses - @ e{uil-bR» estebliglas

Strony stids ol Leses - eonpleldyy dlssocte h::
do loar la!
HQ" H;S’u, “”03 e PNU“ P

Ne2H NaNH; e



outojebhsis of Hoo
o) base achwity 15 M gosplel oqolbdian o reln
avieproplysis »  HoO

~ ’ /
- -

p

~

Bonded hydrogen lons dissociate Hydroxide lon (OH) forms the Oxonlum lon forms a conjugate
from the water molecules (2H0) conjugate base acid by accepting H* ion

HQO + HQO — — H3()+ + OH-

K, = [HgO*][OH] = [H][OH]

= 1.00 X 107



At 25°C the autoprotolysis of pure water, shown below, attains equi-
librium hyvdronium and hydroxide ion concentrations of about 1 x 1077
moles per liter for each. The equilibrium concentrations vary somewhat
with temperature, however. At 0°C, the concentrations are about 8 x 10-*
moles per liter, and at 100°C the concentrations are about 7 x 107 moles
per liter. What does this directly imply about the autoprotolysis of wa-
ter?

2ZHO H.,O*+ OH-
a. Autoprotolysis of water 1s a second order reaction.
Autoprotolysis of water 1s an endothermic process.
c. Autoprotolysis of water 1s spontaneous.
d. Water is a strong electrolyte.

hat + A == B
endhidesnle



CHsCOOH + H,0 HsO* + CHaCOO~ 1% ©.\ me) HEl

HO + HO = ~ H,O* + OH" in a \u Sallhen

K. = [H:O*][OH" = g -l = -14 Vhad 1f R “?
+ = [H30*][OH7] [H*][OH"] 1.00 X 10 gty

@ [rlp-w
-\.,ho“?: PH = |
QLd So\AmS e
< a poaten pregsore

besie $3lions han

b' o poben pull
t loy L1oe) = 2

FJ(IO»)'&
g () =0 oy (id) 7}




H,O + H,O = = H,O* + OH"
H,O = - Ht* + OH

K, = [H]OH]

= 1.00 X 1074
[ow™)= |o°
Cusatowl= (o'
Calculate the pH of a 0.001M solution of NaOH. Cwe] = 107"

pu-‘-\\



Use the following relationship to calculate the pH of a 0.001M
solution of NaOH

pH + pOH = pK,, = 14



HA= A"+ W' Acids

Cl—H

Nonmetal
Hyvdrides

Br—H

=C—H

Pl ¢ weal

Metal
Hydrides

Metal
Oxides

Nonmetal Hydroxides

W, e-&-L Metal
Hydroxides

ﬁ ‘Oxyacids’
H—O—S—O—H
|l O
O e |l
torerwe. O
acd |l
H—O—C—O—H _
<

o '

O—H

Ammonia &

Y aoet Amines

L QT

"yﬂ

Na—H

Bases

Li—H
- “l L]
NeW & Ho — ¥,

‘Na® J[OH™]
K™ J[OH™]

[Ca¥][oH"],

NH;  H,C—NH,

fopk Mpoctad- arqend ‘Deges

-~ +
* DH- '“‘

[Ca®][0*] [Na'] [0*]



EXAMPLE
[HCO37][H]

HA + HQO -~ — H30+ o+ A~

[H3O][A] [HT[AT] [HoCOg]
](a = [HA] or [HA] \
For wtale a<ids,
k‘ :Q o Moo we
pK, = —log[K,] Vi & wegala QJ'M
Re ok & el A higher
e

-
Determine the pK.: ) "S (7 xto \ .
“”' “* q - b07 - 30%
K!Of HN02 ¢ i X 10-4

KaOf CH3C02H % 1 BX 10-5 - l‘.s



Which is the stronger acid!? HA
CF,CO,H CH;CO,H
K, : 59 x 107 K, : 1.8 x:10°
o~ f -
. Era qete
Fo o e, G D
'-JC‘C-D
i
F-
1t
-
"'».,T.a?m

True or false:? The larger the pK, the weaker the acid.

A-t HT
AT

K. & 1.3:x 1078

Lovjuqete -
b:z\ ev, eu,D

-&bJaT



B + HQO —~ — BH* 3% OH" '

EXAMPLE
[BH*] [OH] [NH,*][OH]
Ky = g] [NH3]

pKh K log[Kb]

Determine the pK,;

K, of CH;NH, : 4.4 x 10% 34
Kyof CN™ : 16 x 10° 4.8



v —vigh
Which is the stronger base! M APt

NH; CH3NH,*™ C¢HsNH,
Ki + 18x 10° K, : 44 x 10 K, : 43 x 1070
+ +
T
Cecion drgday



HA + HO = =~  HO* + A .
2 3 k._“:"\ff“\bs

[H] [A] [HAI(OH Y, aehh v 15
Ki = " [HA] Ky = 1A
. P [H*] [A7] y [HA][OH] IO
T A = HIOH] =K,

ﬂ M‘f a H“h. “‘l
K‘d X Kb — K“' e Weater vhe ésa‘)-ﬁak

Kg ol on K\ oF % bese .
ced o:‘ga.h bese



AG
-20 HCI
HNO4
0 H3()+

20
CH4COOH

40“~k H2003
HCN

60

80 H-O

H,0
H,0

Ho0
Ho0

Ho0
H,0

HoO

Ho0

HgO*
HaO*

Hz0*
HaO*

HgO*
HgO*
HgO*

Hz0*

HSO,4~

N 03_
H,O

CH3COO~
HCO3_

OH"~

K= e 2%



Acid PK, Base PK;
H>SO4 sulfuric acid -3 HSO4~ 17
HCI T hydrochloric acid -3 &1 17
HNO; nitric acid -1 NO5~ 15
H;O+ ’d hydronium ion 0 H20, 14
HSO4 bisulfate .8 SO4~ 12.1
H3PO4 ik phosphoric acid ¥ 2. H,PO4~ 1.9
HF hydrofluoric acid 3.2 F 10.8
CH3COOH acetic acid o 4.7 CH;COO™ 93
H,CO3 carbonic acid : COzlag) 8 6.3 €= HCO5™ Tid
H,PO,~ dihydrogen phosphate ¢ =~ 7.2 HPO4*~ 119
HCN hydrogen cyanide 9.2 CN~ 4.8
NHy* ammonium ion D25 NH3 4.75
HCO5™ bicarbonate 44 10.3 CO5* 3.7
HPO,* hydrogen phosphate«h 123 PO 1.7
H,O water 14 OH™ 0
NH3 ammonia 23 NH,™ -9



What is the pH of a 0.IM CH;CO,H solution? K, : 1.8 x 107
. ol
= A +H
[H] [CHyCOy ] 5 "
[(‘l = [CH3C02H] = 1.8 x |0

[H*] = [CH;CO,7]  so approximare  [HY] = [CH;CO4 ] ‘,‘.1,.'“3 (“‘1 ""“[ o

[CH3C02H] = 01 M SO (1/7/)/'(/.\'1./)1(1[( [CH3C02H] = 0.1 M <

[H*)?

Ku = 0.1 = |8 X |0°5 I‘aﬂ = ‘Dx
)= Lywo™Y

3 ( Y] 2@

[W)=14n 10




A2 weyd b bol o b 2) Wt s tho shie of

) Whetly de pH of e b op A- ievamien f 4 dddes
& bukr selutival HA - = H vy Sorapenead 2 ( c 33*
Supprst & Seludmn C [H*][A] P" = PKa + "J CuA)
CA e g K= T ol p "
g tA-% L
pH =pKa * ‘J(c:xx my = DAL “’K LA R S “L‘"")
*S + gy l3) ! [HA) (83
*6 log [H] = log K, + log (ﬁ) CA3 _ |em®
364 cddey o.qu \«-c Hel b e Taad - v
o
ivtas A\ | "'fz:’a‘)
= 5. B 1=\0.6 ¢ "j
o = oK+ 1o () " LR
)~ 3%

| Henderson-Hasselbach |
“ Equation






NaVa = NpVp
Na (2.0 2) :(‘.a.;N)(.a;SB

Noe = 656N

100 ml of HCI solution was completely neutralized
by 25ml of 0.2N NaOH solution. What was the
normality of the HCL solution?

U‘SO.‘ 2%‘?‘7 . I“Z:—-’S eﬂ':‘“kﬂéj 'a),,{- -

S| [ equV GS  aery s v velerrs
il .u=’~ bate o5 ceid.




15

10

I I I I I I I I I I | | | | |

+ NaDR —> Nall + &, 0O

neudal slitmn

r Equivalency Point

& PR=T

Titration of a Strong Acid with a Strong Base



HClooH + NaOW — Hsit.on"' New + WD

otk bede
15r :&6 as gobhiHivn of
- QTO\I-\U\"" %
. o §ebhea ok
- m U‘.‘ W ‘h- bs.’q.
B -
10+ coatz00")
| Half Equivalency
L pH = pk, Basic Equivalency Point
B \ pH >7

—

- kﬁ\é— Nﬁ
Titration of a Weak Acid with a Strong Base



15

10

X . .

pH<7

| Half Equivalency

- pOH = pK,

O\ Mtk

B = Acidic Equivalency Point

Titration of a Weak Base with a Strong Acid
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15
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1 Equivalency Point
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Titration of a Diprotic Acid with a Strong Base



C(HO), + Oy — 002 + H,O

CO, + HO = ~  H,COj

H2C03 -~ — HCO3_ + H

Maintainance of acid-base balance in physiology

Exhalation of CO,
Excretion of H,PO, and NH,* by the kidneys
NaHCO; buffer system

Secondary buffer systems including phosphates and proteins



Which results from combining a concentrated
solution of HCI with concentrated K,CO,? L o cadgnic
o d
A. formation of a colored complex
. precipitation
é liberation of gas
D. a solution of weak base

—



PH <Y 24 < pH QR Pl
H H
0 | 0 | 0
i “\\\\C — C\¢ - e Y .u\\\\“C _ CZ:O— E— - H \\\\\\C R CZ:O_
NH, cie NH3+ NH,
5 Z2Witderi >N
[H*] [HGly] (H"] [Gly]
K, = K, =
[HoGly*] [HGly]
pK, = 24 pK, = 98
+ < 2.4 - Gt 't ;‘ "(‘ |
" GH‘A . i fote
3 ph ey G-L"‘ - 2.4 +9.% H - k 4_\ ['A".\
il ey |- et PRERRe TR



COO gka 72
5 |
Pl( ':';N—(l:—H o bal 't
(:H2 M‘ﬂ! f‘\\ ‘-\\l
| b
C gy 12
O// \O— Py
f’k“:q



histidine side-chain

pK, ~ b
= e
g/NH gy o =
e
’(‘) CH, (ﬁ




2.20
Li
0.98

Ma
0.93

0.82

Rb
0.82

Cs
.75

Fr
0.7

Be
1.57

1.3

Ca
1.00

Sr
0.95

Ba
0.89

Ha
.G
La
1.1

Ac
1.1

Sc
1.36

1.22

Ce
1.12

Th
1.3

o

He

- oo B
2.55
si P B " Ar
2.58
Ge As Se nn
201 218 255

Te B

190 2.19

196 205 21 |2668 260

Pb Bi Po At An
233 202 20 22 22

Uug Uup Uuh Uus Uuo

T Y¥b Lu
1.25 1.1 1.27

Md O Lr

-3
__r_,.H L+ Dy e 0=&=D * |
L ) i s o 3

¥l _ =
I@ — ¥ 204
Al
1.61
Ti W Cr Mn Fe Co Mi Cu Zn Ga
154 163 166 155 183 188 191 190 1.65 1.B1

Zr Ne Mo Te Ru Rh Pd Ag Cd In Sn  Sb
133 16 216 19 22 228 220 193 1.69 1.78
Hi Ta W Re Os Ir Ft AN Hg Tl
13 15 236 19 22 220 228 254 2.00 1.62
Rf Db Sg Bh  Hs Mt Ds Rg Uub Uut
Pr Md Pm Sm Eu Gd Tb Dy Ho Er
113 114 113 147 1.2 1.2 11 122 123 1.24
Pa U Mp Pu Am Cm Bk Ci Es Fm
ae 1.3 138 1.28 113 128 13 1.3 1.3 1.3

g s e e 1.3



CuSO; + 2NaOH — > Cu(OH), + Na,SOq

melathesis reaction

o ¥ +3 -3 +2 -3 0 o -
Fe-O03 + 3C0 —— 2Fe + 3C0;

oxidation-reduction reaction
Tonn onidiard carkon.
W né\-‘ﬂl rfﬂﬂ,



2 Cu(s)+O5(g) 2 CuO-(s)

Dif4e~ o0 1acd Crppor-

+3x o} D PR A

CuO(s) +H5(g) —— Cu(s)+H,0(qg)



The oxidation number of an atom is zero in a neutral substance that
contains atoms of only one element.

02 H p. C (graphite)



The oxidation number of simple ions is equal to the charge on the ion.

Na™ Cl- Mg?*



The oxidation number of hydrogen is +1 when it is combined with
a nonmetal.

CH, NHs H,0



The oxidation number of hydrogen is -1 when combined with a metal.

NaH MgH, LiAIH,,

M‘l‘l".‘l «



In compounds the metals in Group IA have an oxidation number of +1.

=%  KNOj LiF Na,S

41 33



In compounds the metals in Group IIA have an oxidation number of +2,

MgH, CaCO; BeO



Oxygen usually has an oxidation number of -2.

H,0 Co,



Halogens usually has an oxidation number of -1

AlF5 HBr

ZﬁCIz



The sum of the oxidation numbers in a neutral compound is zero,and
the sum of the oxidation numbers in a polyatomic ion is equal to the
charge on the ion.

+1
504_2 H2C03 KMHO4

4+ | -,



oAt W o o +3 -
2Fe + 3Cl, —— 2FeCl;






2Al, + 3Zn*"—— 2APY + 37Zn
Ze 3 oxdiznaq olwhom,




#'#:i O +] -2 +43 -1 o

2Al + Fe; O3 — A|203 + 2Fe

Fe - u:li'l-'l.n} ﬁ.ﬁM+‘

M - redieny <gub



o*
4|l +5 .2 +] +5 _, +1 .,
3Ag+4HNO; — 3 AgNO;3 + 2 H,0 + NO

Oml-u"-& ij‘i' - N (rn.l of L:w-)
Neds g egb = Ag



Cu(s)+2Ag*(ag) —— Cu’*(ag) + 2Ag(s)
A3+ Ih‘lj:'“i C.ul.




Cu(s)+2Agtlag) —— Cu?*(aq) + 2Ag(s)

Cu Cu?t

I RU o€ fe

c"{-ﬁ-hﬁﬂ




Kt +
Na® +
ARt &
ntt 4+
FEI+
Hil+
rl

je

e

e
2e

AG Fmaol 2- transferred from HI

K 4o0d 4 L300
Ma l"rlk-n:

aqurs

+ 200
Al

+ 100

Ag - 100
cl-
Mn2* &+ 4H,0 =0

G, + 4H,0







Reacting potassium metal with pure water pro-
duces

a. potassium oxide, KO

@ a basic solution
c. an acidic solution
d. oxygen gas

2K + 2AH,0 = H, ¢ 2DH°



Reducing Agents Oxidizing Agents

LiAlH4
lithiwm aluminium hydride OE O 3 F 2
oXYgEn orone flucrine
NaHg
sodium amalgum C|2 B r2 I 2
chlorine bromine iodine
NaBH4
sodivim borohydride — —_
OClI™ ClO3s™ HNO;
HE hypochlorite chlorata nitric acid
hydrogen
" 2- 2-
Metals C, 03 - CrOq Cra0;
Chromium trioxide chromate dichramate
Carbon H,0,  MnO,”
peroxides permanganate

Hydrocarbons



alymic

onk 'S

Anode Cathode
n ——= 7Zn*t + 2e Cu?t + 2 ——~ Cu
ﬂm reduchea
i€ Zn | Zn** (1.0M) || Cu** (1.0 M) | Cu welé Teethv,

rtechaa



E° (V)
-2.93
-2.71

-1.66

-0.76
-0.44
-0.25
+0.16

+0.77
+0.80

+1.23
+1.36

+1.51

+2.08

+2.87

2H"

AG fmaol 2- transferred from HI

K F
Ma

Al

cl-
Mn?* + 4H,0

G, + 4H,0

+ 300

+ 200

+ 100

= 10

- 200

- 300

Forsdny (F) =
4e500 L

n.'- (e

A :-nFE

A M SW

)

o ™

-E* - E° .
E ﬂ-‘-luh- -!MA-

lagv -—oav 2V



The anode and cathode reactions for the silver
oxide battery are respectively as follows:

/n(s)+20H (aq) —= Zn(OH), (s) +2¢
AgO(s)+HO+2e ——= 2Ag(s)+20H (aq)

The standard reduction potential of Zn** is
—0.762, and the standard reduction potential of
Ag+ 15 0.800 V. What 1s the approximate emf of
the silver oxide battery”

a. 004V
b. 08V
@ 16V
d.

24V



~0.¢ V

e —p m
o ; ©
cr K+ (L n,
..vﬂ""-'.-’.‘ ?' | : | — —
94 N P~
L J
| || — standad
i I =l b
Advm
Ancde Cathode 'll ‘.h'b*"i

In —— ZIn*t + 2e 2H* + 2 —— H,



Shichorey W elechadanmricng

olio,, wnve\US qéSoo C

Ouwriery bo L Gt purameiats, P+ te

Commercial aluminum 1s formed electrolyti-
cally from aluminum oxide (Al,O,), which is
reduced at the cathode. Approximately how
long must a current of 965A be applied to form
lwe) =» 27 o of aluminum?

(Note that 96500 C = 1 mole e)

a.

b.
()

d.

1 second
1 1/2 minutes

5 minutes
300,000 seconds

ACY ¢ 2 — N

i pu"l EX %Huh'
Juole -\ K
8 ol v oL | 16, - 3005

i ne —
ail M - wiew WAL



E |I'Lh‘l‘1 be dall

Anede i T e
@ ™o S
Ac dho e

ol

2H,0 —— 0O + 4H* + 4e” 2H* + 27 ——= H,



20 — dy + 2e” 2H* + 2&¢ —— H,;



N“’lﬁ"'..j.

E*.j-hh

0.0592 V
n

AE = AE° — log Q

AG = Al® + 23 ﬂ.Tl-JGk

Zinc anode Copper cathode

T () +“.

Zn (s)|

_ &)
Lal

s> AG—=> O
Q2K
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