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Physical constants and equations

In these tasks, we assume the activities of all aqueous species to be well approximated by their
respective concentration in mol’. To further simplify formula and expressions, the standard
concentratiore® = 1 mol L' is omitted.

Avogadro's constant: Na = 6.02240°° mol'*
Universal gas constant: R =8.314 Jmdf K'*
Standard pressure: p°=1bar = 10Pa
Atmospheric pressure: Pam= 1 atm=1.013bar=1.01340° Pa
Zero of the Celsius scale: 273.15K
Faraday constant: F = 9.64830" C mol*
Watt: 1wW=1J8"
Kilowatt hour: 1kWh = 3.640°J
Planck constant: h=6.6261A0*Js
Speed of light in vacuum: c=298BA0 ms*’
Elementary charge: e=1.60240"C
Electronvolt 1eV=1.60240")
Electrical power: P=qE x|
Power efficiency: d = PobtainedPappiied
PlanckEinstein relation: E =hde=he
Ideal gas equation: pV=nRT
Gibbs free energy: G=HIT TS
QRG° =1 RTInK®
QQGO =1 nFEe.’
RG = RG° + RTINQ
Reaction quotien® for a reaction . cepd
aA(aq)+ bB(aq)= c C(aq)+ d D(aq): VU Aagb
|
HendersonHasselbalch equation: pH K+p I[[—l'erg
Nernsi Peterson eqian: E=F° S—FTI f)

where Q is the reaction quotier _ RT,
of the reduction halfeaction atT=298K, =1 n105& 0.0

Beeii Lambert law: A=UI ¢

Rate laws in integrated form:

- Zero order: [A] =[A]oT kt
- First order: IN[A] =In[A]oT kt
- Second order: 1/[A] = 1/[A]o + kt
Half-life for a first order process: %

. B0OO
Number average molar malgh: 0 B G

. BOO
Mass average molar malsk,: U —

B0O O
: o My
Polydispersity index,: lp = IR
n

51st IChO T Theoretical Exam 4



Candidate: ARM

Periodic table

1 18
1 2
H 2 13 14 15 16 17 | He
1.008 4.003
3 a 5 6 7 8 9 | 10
Li | Be B|C|N|O|F | Ne
6.94 | 901 10.81 | 12.01 | 1401 | 16.00 | 19.00 | 20.18
1| 1 13 | 14 | 15 | 16 | 17 | 18
Na|{Mg| 3 4 5 6 7 8 9 10 112 12 | Al|Si|P|S|Cl]|Ar
22.99 | 24.31 26.98 | 28.09 | 3097 | 32.06 | 35.45 | 39.95

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

39.10 | 40.08 |44.96 | 47.87 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.69 | 63.55 | 65.38 | 69.72 | 72.63 | 74.92 | 78.97 | 79.90 | 83.80

37 38 39 40 41 42 43 44 45 46 a7 48 49 50 51 52 53 54
Rb|Sr|Y |Zr Nb|Mo|Tc|Ru|Rh|Pd Ag|Cd|In |Sn|Sb|Te| I |Xe
85.47 | 87.62 |88.91 | 91.22 | 92.91 | 95.95 - 101.1 | 102.9 | 106.4 | 107.9 | 112.4 | 114.8 | 118.7 | 121.8 | 127.6 | 126.9 | 131.3

55 56 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs|Bafsmn|Hf | Ta| W |[Re|Os| Ir | Pt |Au|Hg| Tl [Pb| Bi | Po| At |Rn
132.9 | 137.3 178.5 | 180.9 | 183.8 | 186.2 | 190.2 | 192.2 | 195.1 | 197.0 | 200.6 | 204.4 | 207.2 | 209.0 - - -

87 88 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118

Fr|Ra 5% | Rf [Db|Sg |[Bh|Hs|Mt|Ds|Rg|Cn|Nh|Fl |Mc|Lv | Ts|Og

57 58 59 60 61 62 63 64 65 66 67 68 69 70 71

La|Ce|Pr |Nd|Pm|Sm|Eu|Gd|Tb |Dy |Ho| Er |{Tm|Yb | Lu

138.9 | 140.1 | 140.9 | 144.2 - 150.4 | 152.0 | 157.3 | 158.9 | 162.5 | 164.9 | 167.3 | 168.9 | 173.0 | 175.0
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Ac | Th|Pa| U [Np|Pu|Am | Cm|Bk | Cf |Es |Fm|Md|No | Lr

232.0 | 231.0 | 238.0
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'H NMR

Chemical shifts of hydrogen (in ppm / TMS)

phenols:

alcohols: |

alkenes:

arsnidesNI-BE CQR'

carboxyllc aC|ds

. aldehyd ;
aromatlcs m

amines:

bienzylic ©H.3 icsH;:
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alkynes: [l CH:3 CR; Tl
_ Rfs CH26 ORo

CH36 SiRs:

:ketones

11.0 100 910 80 7.0

H-H coupling constants (in Hz)

6.0

50 40 30 20 10

Hydrogen type

|‘] abl (H Z)

RCHaHp

4-20

R:H.CO CR:Hy

2-12
if free rotation: 68
ax-ax (cyclohexane):-82
ax-eq or egeq (cyclohexane):-3

R:H.Cd CR0 CR:H,

if free rotation: < 0.1
otherwise (rigid): 18

RH.C=CRH,

cis; 7-12
trans 12-18

ch=C|'Lle

0.53

H{(COY CR.Hs

1-3

RH.,C=CR5 CR;H,

0.52.5

51st IChO T Theoretical Exam
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IR spectroscopy table
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Vibrational mode G (cm'Y) Intensity
alcohol @ H (stretching) 36003200 strong
carboxylic acid @ H (stretching) 3600-2500 strong
N& H (stretching) 35003350 strong
[ Cd H (stretching) 3300 strong
=Co H (stretching) 310063000 weak
Cd H (stretching) 2950-2840 weak
i (CO) H (stretching) 29002800 weak
C [ Nstretching) 2250 strong
C [ Gstretching) 22602100 variable
aldehyde C=0 (stretching) 17401720 strong
anhydride C=0 (stretchi) 18401800; 178601740 weak; strong
ester C=0 (stretching) 17501720 strong
ketone C=0 (stretching) 17451715 strong
amide C=0 (stretching) 17001500 strong
alkene C=C (stretching) 16801600 weak
aromatic C=C (stretching) 16001400 weak
CH; (bending) 1480-1440 medium
CHs (bending) 14651440; 13901365 medium
Co Og C (stretching) 12501050 strong
C3 OH (stretching) 120061020 strong
NO; (stretching) 1600-1500; 14061300 strong
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