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Del 1. Flervalgssparsmal, marker riktig svar. Vis utregning hvis mulig. Svar kort og pi arket.
20 oppgaver, hver oppgave gir 2,5 poeng inkl. deloppgaver, totalt 50 poeng.

Part 1. Multiple choice. Circle the right answer, show your calculations on the paper. 20
exercises give 2.5 points each, 50 points total.

1a. (0,5p)
Det riktige navnet for NH,NO; er
The correct name for NH,NO; is

A) ammonium nitrat/ammonium nitrate
B) ammonium nitrogentrioksid/ammonium nitrogen trioxide
18] ammoniakk nitrogenoksid/ammonia nitrogen oxide

D) hydrogen nitrogenoksid/hydrogen nitrogen oxide
E) hydrogennitrat/hydrogen nitrate

1b. (Ip)
Hvor mange ngytroner og protoner totalt har et atom med symbolet ,32 S?

How many neutrons and protons does an atom with the symbol ;363 S have totally?

A) 33
B) 16
C) 49
D) 17
le.(1p)

Hvilket av disse parene av grunnstoffer vil danne en ionisk forbindelse? Hvorfor?
Which of these pairs of elements would be most likely to form an ionic compound? Why?

A) P & Br
B) Cu&K
C) C&O
D) O&Zn
E) Al & Rb
2.

Mineralet orpiment, med empirisk formel As,S;, ble i oldtiden brukt som kosmetikk. Hva er
massen av arsen i 5,0 g av orpiment? [Gitt: Alt naturlig forekommende arsen er arsen-75; anta
at alt naturlig forekommende svovel er svovel-32 (omtrent)]

The mineral orpiment, having the empirical formula As,S;, was used in ancient times as a
cosmetic, What mass of arsenic is present in 5.0 g of orpiment?

[Given: naturally occurring arsenic is all arsenic-75; assume that all naturally occurring
sulfur is sulfur-32 (only approximately true)j

A) 061¢g
B) 3,1g
C) 15g
D) 20¢g
E) 35¢g



3a. (1,5p)

Hva er koeffisienten til O, i reaksjonslikninga under nir den er balansert med laveste hele
tall?

When balanced with the smallest set of whole numbers, the coefficient of O, in the following
equation is:

_CH;+__0,—__CO,+__H,0

A) 1
B) 2
) 3
D) 4
E) 6
3b. (1p)

Hva er massen i gram til ett arsenatom?
What is the mass, in grams, of one arsenic atom?

A) 548x10%¢g
B) 330¢g
C) 749¢g
D) 124x10%g
E) 804x10%g

4.
Cola light og annen lettbrus har en pH p4 ca 3,0, mens melk har en pH pd ca 7,0. Hvor mange
ganger hoyere er H;O -konsentrasjonen i cola light enn i melk?

Diet cola drinks have a pH of about 3.0, while milk has a pH of about 7.0. How many times
greater is the H;0" concentration in diet cola than in milk?

A) 2,3 ganger heyere i cola light enn i melk /times higher in diet cola than in milk

B) 400 ganger hayere i cola light enn i melk /times higher in diet cola than in milk
C) 0,43 ganger hayere i cola light enn i melk /times higher in diet cola than in milk
D) 1000 ganger heyere i cola light enn i melk /times higher in diet cola than in milk
E) 10000 ganger hoyere i cola light enn i melk /times higher in diet cola than in milk



5.
Lesningsvarme er ...

A) ... aldri positiv (AH ), = 0) fordi intermolekylzre krefter mellom lost stoff og
lesningsmiddel i losning aldri er svakere enn tilsvarende krefter i rent losningsmiddel og i
rent lost stoff.

B) ... alltid positiv (AH s, > 0) fordi intermolekylere krefter mellom lost stoff og
lesningsmiddel i losning alltid er svakere enn tilsvarende krefter i rent lesningsmiddel og i
rent lost stoff.

C) ... alltid null (AH®,,, = 0) fordi intermolekylere krefier mellom last stoff og
lesningsmiddel i lesning er definert som gjennomsnittet av tilsvarende krefter i rent
lesningsmiddel og i rent lost stoff.

D) ... alltid negativ (AH® 1, < 0} fordi intermolekylere krefter mellom lest stoff og
lesningsmiddel i lasning alitid er sterkere enn tilsvarende krefter i rent lesningsmiddel og i
rent last stoff.

E) ... positiv, nuil eller negativ, avhengig av det relative styrkeforholdet for
intermolekylare krefter mellom last stoff og lesningsmiddel i lgsning, tilsvarende i rent
l@sningsmiddcl, og i rent lost stoff.

Heat of solution

A) ...is never positive (AH®,,;, < 0), because the solute-solvent attraction is never
weaker than the combination of the solute-solute attraction and solvent-solvent
atiraction.

B) ...is always positive (AH o1, > 0), because the solute-solvent attraction is always
weaker than the combination of the solute-solute attraction and solvent-solvent
attraction.

C) ...is always zero (AH®,, = 0), because the solute-solvent attraction is defined as the
average of the solute-solute attraction and solvent-solvent attraction.

D) ...is always negative (AH®,, < 0), because the solute-solvent attraction is always
stronger than the combination of the solute-solute attraction and solvent-solvent
attraction.

E) ...may be positive, zero, or negative, depending on the relative strength of the
solute-solvent, solute-solute, and solvent-solvent attractive forces.

6.
Arrhenius’ likning er k = 4¢”*7, Stigningstallet i en graf som viser In & mot 1/T er lik ...
The Arrhenius equation is k = Ae***", The slope of a plot of In k vs. 1/T is equal to...

A) —k

B) k

C) E,
D) -E,/R
E) A
7a.(1,5p)

Hvilken av disse kjemiske forbindelsene er ikke en elektrolytt? Hvorfor?
Which of these compounds is a nonelectrolyte? Why?

A) NaOH

B) HNO,

C) GC,HO (etanol/ethanol)
D) KF

E) CH;COCH (eddiksyre/acetic acid)



7b. (1p)
Hva er den konjugerte syra til CO;”"i folgende reaksjon?
Identify the conjugate acid of COs™ in the reaction

COs* + H,PO4” — HCO;5 + HPO

A) H,CO;
B) HCO;
C) H,0

D) HPO,
E) H,PO,

8.

Sink lses i saltsyre og gir hydrogengass:
Zinc dissolves in hydrochloric acid to yield hydrogen gas:

Zn (s) + 2HCI (agq) — ZnCl;(aq) + H,{(g)

Hva er massen av hydrogengass som produseres nar 7,35 g sink lgses
i 500 mL 1,200 M HCI?
What mass of hydrogen gas is produced when a 7.35 g piece of zinc dissolves in 500 mL of

1.200 M HCI?

A)  0605g
B) 0,1ll3g
C) 0302g
D) 0453g
E) 0227g
9.

Betraki folgende to beskrivelser av en gasslikevekt:
Consider the two gaseous equilibria:

S0;(g)+ 202 (g) 2 805 (2) K
280; (@) 2280:(g)+0:(2) K>

Verdiene av likevektskonstantene K og K, har felgende relasjon:
The values of the equilibrium constants K; and K; are related by

A) K;= K/’
B) Ky’ =K,

C) K»= UK}
D) K, = /K,

E) ingen av disse



10a. (1,5p)

En varmorgen (20°C) fyller du opp dekkene p3 bilen din til et trykk pd 2,25 atmosfarer.
Etterhvert som du kjgrer, varmes dekkene opp til 45°C pga friksjonen fra veibanen. Hva er
trykket i dekkene dine na? (Anta at det ikke er skjedd noen volumendring i dekkene.)

On a spring morning (20°C) you fill your tires to a pressure of 2.25 atmospheres. As you ride
along, the tire heats up to 45°C from the friction on the road. What is the pressure in your
tires now? (No change in volum of the tires.)

A) 284 atm
B) 244 atm
C) 344 atm
D) 2,14 atm
10b. (1p)

Hva er trykket av gassen som er inne i apparatet som vist under hvis atmosfaeretrykket
er 720 mmHg?

What is the pressure of the gas trapped in the apparatus shown below when the
atmospheric pressure is 720 mmHg?

Alr

N

A) 12 mmHg
B) 708 mmHg
C) 720 mmHg
D) 732 mmHg
E) 760 mmHg

11.
Forbrenning av oktan produserer varme i henhold til reaksjonslikninga under:
The combustion of octane produces heat according to the equation

2 CgHi5(1) + 25 Oy(g) — 16 CO4(g) + 18 H,O(!) AH =-11020 kJ/mol

Hva er forbrenningsvarmen per gram oktan?
What is the heat of combustion per gram of octane?

A) -5510klig

B) -96,5kl/g

C) -482kl/g

D) -193kl/g

E) -6,292x10°kJ/



12a. (1,5p)
Elektronkonfigurasjonen for atomer av alle grunnstoffer i gruppe 5A i periodiske system er:

The general electron configuration for atoms of all elements in Group 54 is:

[=.8

A) nsznp
B) nsznpS
C) ns’np*
D) nsznp3
E) ns’np'
12b. (1p)

Hvor mange elektroner er det i 4p orbitalen i selen?
How many electrons are in the 4p orbitals of selenium?

A)
B)
C)
D)
E)

S A NOoS

13.
En negativ verdi av en reaksjons AG indikerer at, ved konstant T og P,
A negative sign for a reaction's AG indicates that, af constant T and P,

A) reaksjonen er eksoterm/ the reaction is exothermic
B) reaksjonen er endoterm/ the reaction is endothermic
O reaksjonen er rask/the reaction is fast

D) reaksjonen er spontan/ the reaction is spontaneous
E) ASsysiem M vaere > 0/ASysrem must be > 0

14.

Hva er den kjemiske formelen for saltet som dannes i neytralisasjonsreaksjonen
mellom hydrogenbromid og magnesiumhydroksid?

What is the chemical formula of the salt produced by the neutralization of
hydrobromic acid with magnesium hydroxide?

A) MgBr
B) Mg:Br;
C) Mg;Br;
D) Mg,Br
E) MgBr;



15,

Hvilken av de fglgende kjemiske stoffer forventer du har det hgyeste kokepunktet, men er samtidig

den svakeste syren av disse lgst i vann? Forklar.

Which one of the following substances is expected to have the highest boiling point, but at the same time
is the weakest acid of these four when dissolved in water? Why?

A)  HBr
B) HC
C) HF
D) HI
16.

En 0,10 M HF-lgsning er 8,4% ionisert. Regn ut H* ion-konsentrasjonen.
A 0.10 M HF solution is 8.4% ionized. Calculate the H' ion concentration.

A)  084M
B) 0,12M
C) 0,10M
D)  0,084M

E) 84x10°M

17.

En lgsning hvor 15,00 % (masseprosent) laktose (C1,H2;011, 342,30 g/mol) er lest i vann har en tetthet pd
1,0602 g/mL ved 20°C. Hva er molariteten av lgsningen?

A 15.00 % by mass solution of lactose (C1:H2,04;, 342.30 g/mol) in water has a density of 1.0602 g/mL
at 20°C. What is the molarity of this solution?

A)  0,03097M
B) 04133M

C) 04646 M
D)  1,590M
E)  3,097M



18.

Estere kan syntetiseres fra to klasser av organiske forbindelser. Hvilke to?
Esters are synthesized from two classes of organic compounds. Those two types of
compounds are

A) syrer og baser/acids and bases

B) aminer og alkoholer/amines and alcohols
Q) alkoholer og syret/aicohols and acids

D) aminer og alkenet/amines and alkenes

E) alkener og baser/alkenes and bases
19a.(1,5p)

Lewis-strukturen til CS; er:
The Lewis structure for CS» is:

A) C=8§-§ B) :8-C-§: €y §=C=5 D) §=C-§:
19b. (1p)

Ibuprofen markedsfores som et smertestillende og febernedsettende middel. Hva er hybridiseringen
til karbonatomet som indikeres med en pil i strukturen av ibuprofen under?

Ibuprofen is used as an analgesic for the relief of pain, and also to help reduce fever.

What is the hybridization state of carbon indicated by the arrow in the structure of ibuprofen
shown below?

A)
B)
C)
D)
E)

H CH,

RN

H,C | |
| C C
HC._ "7 >~y OH
CH, '
H
5p
spi
Sp3
sp3d
sp &



20.
Molekylformelen av aspirin er CoHgO4. Hvor mange aspirinmolekyler er det i en 500-milligram aspirintablett
sett bort fra hjelpestoffene?

The molecular formula of aspirin is CoH3Qy. How many aspirin molecules are present in one 500-milligram
tablet if the whole tablet was aspirin?

A) 2,77 molekyler/molecules

B) 2,77 x 107 molekyler /molecules

O 1,67 x 10* molekyler/ molecules

D) 1,67 x 10*' molekyler/molecules

E) Ingen av disse er korrekt/Nowne of these is correct.

10



Del 2. Totalt 50 poeng. Vis utregning.
Part 2. Total 50 points. Show calculations.

21.(5 p)

Regn ut standard dannelsesentalpi (AH %) av flytende metanol, CH,OH (/) ved &
bruke fglgende informasjon:

Calculate the standard enthalpy of formation (AH %} of liquid methanol, CH;OH (1), using the
Jollowing information:

C (grafitt/graphite) + O, — CO,(g) AH®,, =-393.5 k)/mol
H;(g) + (1/2) O, = H;0 ()} AHS,, = -2858 kI/mol
CH,OH (D) + (3/2) O, (g) = CO,(g) + 2H,O () AH®, . =-726,4 kJ/mol



22a.(2,5p)

En vanlig personbil produserer omtrent 31 gram NO for hver 10 km den blir kjert. Hvor
mange liter NO-gass slipper en slik personbil ut ved STP for hver tur den blir kjert mellom
Oslo og Trondheim (ca 500 km)?

Many automobiles produce about 31 grams of NO for each 10 km they are driven.

How many liters of NO gas at STP would be produced by a car of this type on a trip between

Oslo and Trondheim (approx. 500 km)?

22b. (2,5p)
En liten boble kommer fra bunnen av en innsjg@, hvor temperaturen og trykket er 4°C og 3,0

atm, til vannets overflate hvor temperaturen er 25°C og trykket er 0,95 atm. Regn ut
sluttvolumet av bobla hvis startvolumet var 2,1 mL.

A small bubble rises from the bottom of a lake, where the temperature and pressure are 4°C

and 3.0 atm, to the water's surface, where the temperature is 25 °C and the pressure is 0.95
atm. Calculate the final volume of the bubble if its initial volume was 2.1 mL.



23a. (5p)
Regn ut pH av 1,00 L av bufferen 0,80 M CH;NH,/1,00 M CH,NH,Cl.
Calculate pH of 1.00 L of the bujffer 0.80 M CH;NH,/1 00 M CH,NH,CI.

23b. {4p)
Regn ut pH av bufferen i a) etter tilsats av 0,070 mol NaOH, anta ingen endring i volum.

Calculate the pH of the buffer after addition of 0.070 mol NaGH, assume constant volume.

23c. (4p)
Regn ut pH av bufferen i a) etter tilsats av 0,11 mol HCI, ingen endring i volum.
Calculate the pH of the buffer after addition of 0.11 mo! HCI, assume constant volume.

K. CH;NH;* =23 x 10-",



¥l




24, (5p)

Frysepunktet for ren bensen er 5,44 °C. Da 6,5 gram av en ukjent forbindelse ble lest i 200
gram bensen, ble lasningens frysepunkt malt til 4,14 °C, Det ble ogsi fastslatt at forbindelsen
ikke dissosierte eller assosierte i losningen. Frysepunktskonstanten, K, for bensen er 5,12
°C/m, der m stdr for “molal”. Bestem den ukjente forbindelsens molare masse.

When 6.5 grams of an unknown compound are dissolved in 200 grams of benzene, the
freezing point of the resulting solution is 4.14 °C. It has been determined that the compound
does not dissociate or associate in solution. The freezing point of pure benzene is 5.44 °C,
and the freezing-point depression constant, Ky, for benzene is 5.12 °C/m, where m represents
“molal”. What is the molar mass of the unknown compound?



25.

Ved en viss temperatur ble data gitt i tabellen nedenfor malt for falgende reaksjon:
At a certain temperature, the data below were collected for the following reaction:

21ICI +H2—’ Iz + 2 HCI

Startkonsentrasjon, mol L™ Reaksjonshastighet for
Initial concentrations, mol L™ dannelse av I, mol Lls!
Inital Rate of Formation
ICl [H,] of I, mol L' s’/
0,10 0,10 0,00150
0,20 0,10 0,00300
0,10 0,05 0,00075

25a. (5p)
Bestem hastighetsloven for reaksjonen.
Determine the rate law for the reaction.

25b. (3p)
Bestem hastighetskonstanten for reaksjonen.
Determine the rate constant for the reaction.



26.(5p)
Ved 340 K er likevektskonstanten Kp = 69 for reaksjonen
At 340 K, Kp = 69 for the reaction

H;(@)+L(g) 2 2HI(g)

50,0 g HI injiseres i en tom beholder med volum 5,00 L ved 340 K. Hva er det totale trykket i
beholderen ndr reaksjonsblandingen har kommet til likevekt?

J0.0 g of Hl is injected into an evacuated 5.00-L rigid cylinder at 340 K. What is the

total pressure inside the cylinder when the system comes to equilibrium?



27. (4p)
Betrakt reaksjonen
Consider the reaction
CuS (s) +H:(g) = H:S (g) + Cu (s)

Folgende data er gitt ved 298 K:
The following data are given at 298 K:

AGP (CuS)=-53,6 kJ/mol
AGP (H,S) =-33,6 kJ/mol
AHP (Cu8) =-53,1 kJ/mol
AHP (H,S) =-20,6 ki/mol

Beregn verdien av likevektskonstanten Kp, for reaksjonen ved 298 K.
Calculate the value of the equilibrium constant, Kp, for this reaction at 298 K.



28.(5p)

For en galvanisk Zn—Cu celle er cellespenningen malt til 0,80 V nér konsentrasjonen av

Zn** er 2,0 M og T =298 K. Hva er konsentrasjonen av Cu*" ?

If the cell emf of a galvanic Zn-Cu cell is 0.80 V when the concentration of Zn*" is 2.0 M and
T = 298 K, what is the concentration of Cu’" ?



Vedlegg 1
Tall og fakta/Numbers and facts
Avogadros tall/number 6,02 + 10
Gasskonstanten/gas constant
R=0,082057 L « atm/ K » mol
R=83147+K" mol
Varmekapasitet/heat capasity C = ms, m = masse i gram/mass in grams

s = spesifikk varme/specific heat, J/g « °C.
F = Faradays konstant/constant: 96500 J/V= mol



Vedlegg 2

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

RNV SN Standard Reduction Potentials at 25°C*

Half-Reaction E°(V})

h Fi(g) + 2¢” — 2F (ag) +2.87
Os(g) + 2H (ag) + 2 — O4(g) + H;,0 +2.07
Co**(ag) + &= — Co**(ag) +1.82
H,04(aq) + 2H*(ag) + 2¢- — 2H,0 +1.77
PbO,(s) + 4H"(ag) + SO}'(uq) + 2¢” — PbSO4(s) + 2H,0 +1.70
Ce**(ag) + e~ —> Ce**(ag) +1.61
MnO; (ag) + 8H' (uq) + 5S¢~ —> Mn"*(ag) + 4H,0 +1.51
Autt(ag) + 3™ —— Au(s) +1.50
Cly(g) + 2¢7 —— 2CI (ag) +1.36
Cry05 7 (ag) + 14H* (ag) + 6~ —> 2Cr'*(ag) + TH,0 +1.33
MnO,(s) + 4H*(aq) + 26~ — Mn**(ag) + 2H,0 +1.23
Os(g) + 4H"(ag) + 4¢~ — 2H,0 +1.23
Bry(f) + 2¢~ — 2Br (ag) +1.07
NO5(2q) + 4H*(ag) + 3¢~ — NO(g) + 2H,0 +0.96
2Hg* (ag) + 2¢- —> Hgd (ag) +0.92
Hg3*(aq) + 26~ — 2Hg(!) +0.85
Ag*(ag) + &= — Ag(s) +0.30
Fe'"’(aq) +e — Fc”(aq) +0.77

§  Oug) + 2H"(ag) + 2¢ — H;05(aq) +068 E
& MnOj(ag) + 2H;0 + 3¢” — MnOy(s) + 40H (ug) +059 &
?a:“ L(s) + 2™ — 20 (aq) +053 @
5 0y(g) + 2H,0 + 4¢- — 40H (ag) +040 3
5 Cu**(aq) + 2¢- — Cu(s) +0.34 &
8 AgCi(s) + e~ — Ag(s) + Cl (aq) +0.22 &
S SO (aq) + 4H(ag) + 2¢” —> SO,(g) + 2H,0 +020 F
E Cu’*(ag) + e~ — Cu*(ag) +0.15 E
= Sn‘"{ag) + 26" — S’ (aq) +013 7
£ 2H(ag) + 2¢- — Hy(g) 000 £
& Pb*'(ag) + 26" —> Pb(s) -0.13 B
£ Sn**(ag) + 2~ — Sn(s) ~-0.14 2
Ni**(ag) + 2¢” — Ni(s) —-0.25
Co** (ag) + 2¢~ — Co(s) -0.28
PbSO,(s) + 2¢~ — Ph(s) + SO} (aq) —-0.31
Cd™ (aq) + 267 — Cd{s) -0.40
Fe'*{ag) + 2¢- — Fe(s) -0.44
Crt(ag) + 3¢ — Cr(s) -0.74
Zn**(ag) + 2e- —> Zn(s) -0.76
2H,0 + 2¢” —> Hy(g) + 20H (ag) -0.83
Mn®*(aq) + 2¢” — Mn(s) - 118
APY(ag) + 3e- —> Al —1.66
Be**(ag) + 2¢” — Be(s) -1.85
Mg (ag) + 2¢” —> Mg(s) -2.37
Nat(ag) + & — Na(s) -271
Ca®*(ag) + 26~ — Ca(s) —2.87
Sct(ag) + 2¢” —> Sr(s) ~2.89
Ba’*(ag) + 26~ — Ba(s) —2.90
K*(ag) + e — K(5) -2.93
Li*(ag) + ¢~ — Li(s) —3.05

*For all haif-reactions the concentration is | M for dissolved species and the pressure is 1 atm
for gases. These are the standard-state values.



Vedlegg 3

Selected Key Equations

Density (1.6)
m

14
Solution Dilution (4.4)
MW = MW,

Ideal Gas Law (5.4)
PV = nyRT

Daltor’s Law (5.6)
Pot =R+ R +P+ ...

Mole Fraction (5.6}

Xz = i
* Piorai

Average Kinetic Enetgy (5.8)
3
KEuyg = 5RT

Root Mean Square Velocity (5.8)

3RT
s =\ 31
Effusion {(5.9)
rateA (M
rate B M,

Van der Waals Equation (5.10)
2
[P+ a(%) }x [V = nb] =aRT

Kinetic Energy (6.1)
KE = %mv’

Internal Energy {6.2)
AE=g+w

Heat Capacity (6.3)
g=mX C X AT

Pressure-Volume Work (6.3)
w=~PAV

Change in Enthalpy (6.5)

AH = AE+ PAV

Standard Enthalpy of Reaction (6.8)
AH3q = D) np AHE (products) —

> n, AH? (reactants)

Frequency and Wavelength (7.2)
<

p=-

Energy of a Photon (7.2)
E=h

he
E=3

DPe Broglie Relation {7.4)
h
A=—
my

Heisenberg’s Uncertainty Principle (7.4)

AmeAva—’f-
47

Energy of Hydrogen Atom Levels {7.5)

E,= =218 X m“’l(—l;) r=1213...)
n

Coulomb’s Law (9.2}
1 432

dme, r

Dipole Moment {9.6)
Bk =qr

Clausius-Clapeyron Equation (11.5)

InPyy, = T + g
B_TAHepf1 L

"R TR \%L T,

Henry’s Law (12.4)

Seas = kiaFigas

Raoult’s Law (12.6}

Potution = Xsolveat Peolvent

Freezing Point Depression {12.7)
ATr=mX Ky

Boiling Point Elevation Constant {12.7)
AL, =m X K,

Osmotic Pressure (12.7)

IT = MRT

The Rate Law (13.3)

Rate = HA)" (single reactant)

Rate = {A]™[B]" {multiple reactants}

Integrated Rate Laws and Half-Life (13.4)

Integrated Half-Life
Otder Rate Law Expression
[A]
0 [A), = —kt + [A]y s = =0
2k
1 muﬁ—n+thqﬂ=%?
1 1 1
2 =kt + typ =
[AlL [AJo Y1 KA,

Arrhenius Equation {13.5)
-5
k = AeRT
Ink = —-E!(-L) +InA (linestized form)
R T [Lal=1yF 0TI

=5
k= pzeRT {collision theory)
K. and K (14.4)
K, = K(RT)*"

pH Scale (15.5)
pH = —log{H;0%]

Henderson-Hasselbalch Equation {16.2)
[base]

pH = pK, + 103[_35:1-]'

Entropy (17.3)
S=klnW

Change in the Entropy of the
Surroundings (17.4)

—-AH,
sys
ASyer =

Change in Gibb’s Free Energy (17.5) '
AG = AH - TAS

The Change in Free Energy:
Nonstandard Conditions (17.8)
AGn = AGS, + RTINQ

AG?,, and K (17.9)
AG%, = ~RTInK

Temperature Dependence of the
Equilibrium Constant (17.9)

~ AH:,,.(l) ASS
hk=-—727)* 7%

AG® and EZ; (18.5}
AG® = —aFElq

Ele and K (18.5)
oy = 0.05:2 Vv log K

Nerst Equation (18.6) .
0.0592V
logQ

Ecep = Egon —

Einstein’s Energy-Mass Equation (19.8}
E=mt



! PERIODIC TABLE OF THE ELEMENTS =
1A VillA
1 H +: 7 [
=—— Group IUPAC He
rogen | 2 14 3 14 15 1 7 |
1 or:?% IVA =——crupcas Helium
K A | MA VA VA VIA VA |, s
Number ==|§ -4
KN O 2 _=C 2 o= Bl s 5 +a[6 Fg 3B 2[F E ) D
Li | Be L B|C* NiO|F|[Ne
Lithium  § Barylliurn T 2ot e—b— atomic Mass Boron Carbon | Nirogen+i Onygen | Fluoring Neon
6544 a2 Electon 24 1081 12014 14007 4| isge 18.598 217
21 22 Conbgural 23 24 25 bl PX 27
11 +[12 v 13 E i 3 27 Bl 7|
NalMg| ., . . . o . Al 'sid PA" s el Ar
Sodum_Magnesium 1 121 piumioiom | Sieon | Phosphorss| Supnur | Cricrine”?|  Argon
22 |3 | (B WB VB VB VIB  ——VIIB— B 0B [ % | e | owon | wes | s | e
19 +1120 221 (22 :g 23 :g 24 :% 25 :% 26 :g Fi :g 28 . :3'29 :a 0 213 #3132 ;é 3 ’ng ;g 35 ;} 36 g
- +,
K |Ca|Sc| Ti“f Vi Cr< Mn% Fe" Co”| Ni"| Cu® Zn | Ga | Ge*| As Se*| Br# Kr
Polassium | Calcium | Scandium | Tianwm | Vanadium | Chromium Manganese Iron Cobait Nickel Copper 2inc Gallium | Germanium| Arsenic | Selenium | Bromine Krypton
30, 40,078 e’ 47867 50.942 51,99 5498 55,645 58533 558493 €548 5.39 9723 7264 14522 70.9 79.004 8350
28841 2862 2892 24102 28112 28131 28132 28142 |2a152 fopdeo 2.6481 28182 |28183 {28184 28985  |28185 28487 [28.188
k4 +1[38 +2|39 +3]40 +4]44 :g 42 :g 43 z Fry +3|45 +3[46 3 47 +1048 +2|49 +3(50 :3'51 ;g 52 3!53 ;} 54 le
Rb | Sr| Y [Zr |[Nb|Mo"| Tc* Ru|[Rh | Pd{ Ag | Cd | In | Sn”| Sb¥| Te#l 1 % Xe3
Rubidium | Strontum | Yhrivm | Zirconium | Niobium |Molybdenum| Technetium | Ruthenium | Rhodium | Palladivm Silver Cadmium Indium Tin Anlimony | Tellurium lodine Xenon
85488 8762 85.906 9124 92906 95,94 go) W07 w0291 10642 107,87 24 1482 1871 12178 127.60 12690 1129
281881  [281682 [2£1882 [2848902 2898121 [28.48031  |p81dada iz-a-uum 12.3-13-1&-1 281813 12818191 2818182 12814183 2818184 loeBia5 lreviias |osidie7 |2pi8iss
55 +|56 +2157-11 72 |73 +5[74 +%|715 :g % :2 bid :3 78 3 79 ::1’ 80 :g [T :; 82 :‘?_ [ :g 84 :3 86 0
1
Cs Ba|Lla | Hf [ Ta | W |Re" Os™ Ir " Pt"| Au” Hg"| TI Bi | Po’| At | Rn
Cesium Barium | Lanthanide | Hafnium | Tantalum | Tungsten | Rhenium | Osmium Iridium Platinum Gold Mercury | Thallium Lead Bismuth | Polonium | Astaline Radon
13291 137.33 17849 18096 18384 18621 180.23 12 195.08 10657 2005 204,38 2072 208.98 ) (240 12
2B 1881 128181882 | 1281681021 24183211:2|28-18.32.122{ 2818321320 2.8-48.37-14.2 2.8 18°30.15.2] 2.8.1832.17.1| 2.8 1832481 28-18:32-18-2 [ 2.8.18.32-18.3) 2.818-32-18.4] 2818.92-18.5]2.6-18.37. 188 zugﬁ.@ 2:8.18:39-184|
7 +1|88 +2189-103 104 105 106 107 108 109 10 3 1 112 13 114 115 116 17 18
Fr {Ra | Ac | Rf | Db Bh | Hs | Mt |Uun|Uuu|Uub |Uut |Uuq|Uup|Uuh |Uus{Uuo
Francium | Radium Actinide  |Rutherfordumd  Dubnium | Seaborgium| Bohrium | Hassium | Meitnerium | Ununnilium | Unununivm | Ununbium | Ununtrium Lhwadnnluuﬁf\m Ununhexium | Ununseptium | Ununoctium
1 [10ils0 o0 188 2l 08 0ol 10 88 rs0] 0 BT 2l 18 8D sl 16880 0|18 BB vm 1| 1088 ] B4 i 28) @) 84
Electron Shells Lanthanide
T k1212 — 57 +3[58 :i [ +3]60 +3[61 +3[62 :% 63 :% B4 X 33 ¥a[66 ~3[67 +i[68 w369 370 :% 71 3
s“le o |r
2[L]8]2]6 La | Ce| Pr |[Nd |Pm|Sm’| Eu} Gd | Tb. | Dy |Ho | Er [Tm| Yb"| Lu
3| ml18l 2] 610 Lanthanium | Cearium | Neodymiurn | Promethium | Samarium | Europium | Gadolinium | Terbium | Dysprosium | Holmium Erbiurn Thulium | Yterbium | Lutetium
13891 14012 14091 1424 {45, 15036 151,96 15725 1593 16250 16493 R R |,
4| Nl32l2[60(14 :m-mzz 28182082 |28162152 |26:18-2242 |28182382 128187482 [2818.2582 20483500 [29167780 (28189882 |26182082 [2.0-188082 |28 83192 {29183082 (28183002 |
ctinide
§|0[32|2]|6}10|14 T ] e e Az %|Eg a[e a[es RES a7 RIED % 100 10 102 103
*
61P[18]2]6]10 Ac | Th | Pa’| U3 Nps Pui Amé Cm | Bk™ Cf | Es | Fm |Md | No | Lr
7|Q)8/2]6 Actinium | Thoriun ~ [Protactiniom| Uranium | Neptuniu'| Plutonium | Americiom | Curium | Berkelium | Caifomium | Einsteinium | Fermium |Mendelevium| Nobetium |Lawrencium
B|R|2]2 aidss | ol w8 | B¥he LedBer Lo fer (168900 |108D00 |08 0s LudBies 85502 |08z [-0BNe |-ndises | 1ediez

¥ 88apap



