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Periodic table (atomic number, symbol, relative atomic mass)

1 2

H He
101 400
3 4 5 6 7 8 9 10
Li Be B Cc N o F Ne
6.94 9.01 10.81 12.01 14.01 16.00 19.00 20.18
n 12 13 14 s 15 6 s 17 c 18
Na M Al i P 1 Ar
2299 24? 26.98 28.09 3097 3207 35.45 39.95
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti Vv Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
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 78.96 79.90 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te 1 Xe
85.47 87.62 88.91 91.22 9291 95.96 (98) 101.07 102.91 106.42 107.87 12.41 14.82 18.71 12176 12760 126.90 131.29
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba La Hf Ta w Re Os Ir Pt Au Hg T Pb Bi Po At Rn
132.91 137.33 138.91 178.49 180.95 183.84 186.21 190.23 192.22 195.08 196.97 200.59 204.38 207.20 208.98 (209) (210) (222)
87 88 89 104 105 106 107 108 109 10 m n2 3 na 15 16 n7 18
Fr Ra Ac Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og
(223) (226) (227) (267) (268) (269) (270) (269) (278) (281) (281) (285) (286) (289) (288) (293) (294) (294)
58 59 60 61 62 63 64 65 66 67 68 69 70 n
Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
14012 14091 144.24 (145) 150.36 151.96 157.25 158.93 162.50 164.93 167.26 168.93 173.05 174.97
90 91 92 93 94 95 96 97 98 99 100 101 102 103
Th Pa V) Np Pu Am Cm Bk Cf Es Fm Md No Lr
23204 23104 23803 (237) (244) (243) (247) (247) (251) (252) (257) (258) (259) (262)
Equations e e (R Qa0
— L, Percentage yield -
Speed, frequency and wavelength of Ink = +InA experimental yield Elementary e 1.602177 x 107 C
light ) - ) % yield = ————— x 100 charge
Gradient of In k vs 1/T is -Ea/R theoretical yield =57
c= f>\ Electronrest m, 9.109384 x 10™* kg
pH Molar volume at STP mass
Ai tres, not S + —— +
in metres, not nm pH = —log y[H30"] or pH = —log,,[H n— 1 _ L Protonrest  m, 1.672622 x 10~ kg
Energy of a photon One pH unit is ten times Voo 9227 dm® mol ! mass
E= hf lonic product of water Enthalpy change from a calorimetry Neutron rest  m, 1.674927 x 1027 kg
Energy of one photon Kw = [H*} [OH*} experiment mass
Amount from mass Only 10" at 298 K AH — _Q Speed of light ¢ 3.00 x 10° ms~*
n = m POH n in vacuum
M OH = —1 OH" Enthalpy change from bond Planck h 663x10 3]s
Grams over g mol™ p = —log;] ] enthalpies constant
Amount from concentration ZREISE (a0 i, e (o) AH = Z(bonds broken) — Avogadro Ny 6.02 x 10%® mol !
n=CV E(bonds formed) constant . .
Volume in dm? o . Gas constant R 8.31JK " mol
Ideal gas equation AH, = AH, + AH; (I\)Afoalairiég:lme Vin 2<2'72>< N
PV = nRT . 102 m¥mol ™" =
Entropy change of a reaction (HL) gas at STP 22.7 dm® mol !
Sl units: Pa, m? K o _ o © asx
Combined gas law AS - Z Sproducts - Sreactants Specmc heat Cyw 4.18 kJ kg ! K71 =
PV, BV, Equilibrium constant Svift):f'ty of 418Jg 'K
— [C]C[D]d N
F?;;d amoufr?of as, kelvin - [Al°[B] for af B el |OniCtpr0tdeCt Fo 1.0014>< 2 3m
gas Rate of reaction Sv(;:;aarl or 107 mol” dm
Heat change Alproduct] Alreactant]
_ _ 298.15 K
Q = mcAT rate = ——x3 At
: Faraday F 9.65 x 10* Cmol !
Mass of water heated Rate equation (HL) constant
Atom economy rate = k[A]"[B]"
% altom econofrﬁy = dorod Half-life of a first-order reaction Conversions and
fmolar mass of desired product , ), (HL) standard conditions
molar mass of all reactants In2
Desired product over all reactants t, = — Temperature (K) =
2 k temperature (°C) + 273.15

Enthalpy change from enthalpies of Arrhenius equation at two

formation temperatures (HL) 1dm® = 1litre = 1 x 10 ° m* = 1 x 10° cm?
AH® = 3 (AH producs) = Y (A} reactants) ky, E, (1 1 STP conditions

Formation: products minus reactants In k_l = E Fl - E 273.15 K and 100 kPa
Enthalpy change from enthalpies of pH + pOH SATP conditions

combustion 298.15 K and 100 kPa

H H = 14.00 at 298 K :

AH® =) (AHS reactanis) — 3 (AHE proaucts) - : +'pO e 00 at 298

Combustion: reactants minus products Acid d['fli(])&i?on Sl ER L) "[‘)ZL;:; ;r::vair BOOKLET
Gibbs energy change Ka=—gp pKa=—lenka puater ~ 1.00 g cm ™
AG® =AH” -TA . ;

G ' ) Conjugate pairs (HL) pH of pure water at 298 K
Convert AS to kJ first K, x Ky, = Ky pK. +pKy, = pKy pH = 7.00
Gibbs energy and reaction quotient Standard cell potential (HL)
— S .

AG =AG” +RTInQ@ T = B svits = 1Bt Bond enthalpies or

A'G = 0 at equilibrium . Empirical and molecular formula average bond enthalpies
Gibbs energy and equilibrium constant molecular formula = at 298.15 K: Single bonds

Bond Enthalpy / kJ mol™!

AG® = —RTIh K ( M )

T
Negative AGe means K > 1 empirical formula mass

g H—H 436

Gibbs energy and cell potential empirical formula H_F 567
AG® = —nFE® Molar mass from gas data H—cl 431
n = moles of electrons M = m_RT H—Br 366
Arrhenius equation L PV J H—I 298
k= Ae c-H  am
c-C 346

Eain J mol™



Bond Enthalpy / kJ mol™* Bond Enthalpy / kJ mol™ H Colour  Colour Types of

C—N 286 S=S 429 Indicator % fan o change:  change: Bond organic )I\::an\;(_e‘number Intensity
o 358 » Fange pcid Alkali molecules
ol 307 Enthalpies of combustion phenol red 79 64— yellow red C=C alkynes 2100-2260  variable
c_p 264 AHS 80 O—H carboxylic 2500-3000 strong,
Substance Formula state / kJC phenolphthalein 9.6 8.0— colourless pink acids (with very
Cc=s 289 mol-' 100 hydrogen broad
C—F 492 bonding)
c—cl 324 hydrogen He § 286 Standard reduction C—H alkanes, 2850-3090  strong
c—Br 285 sulfur s s 2 potentials at 298.15 K alkenes,
carbon C s -394 arenes
e 228 (graphite) Reduced E®/
NCH 391 grap Oxidized species cnecios v O—H alcohols aqd 3200-3600  strong,
carbon co g -283 P phenols (with broad
N—N 158 monoxide Li*(aq) + e~ = Li(s) -3.04 hydrogen
N-0 214 methane CH, g -891 K*(aq) + e =K(s) -2.93 bonding)
N—F 278 ethane C,Hs g ~1561 Ca*(aq) + 2e" = ca(s) _287 N—H primary 3300-3500 medium;
N—ClI 192 propane CsHs g -2219 Na*(aq) + e~ = Na(s) -2.71 amines :)‘szs
O—H 463 butane CaHio g -2878  Mg*(aq) + 2e" = Mg(s) -2.37
O*O_ 144 pentane CsHiz | -3509  AP*(aq) + 3e = Al(s) -166 'H NMR data: Typical
8—2' gzg hexane Cohha | -4163  Mn**(aq) + 2e” = Mn(s) -118 proton chemical shift
- octane CsH | -5470 H.O(l) + e = YH + -0.83 .
of o o 00 OZHEEg)) values (8) relative to
cyclohexane (O | -3920 aq .
o—Cl 206 othene C.H. g -um Zn**(aq) + 2¢" =7n(s) -076 tetramethylsilane (TMS)
O—Br 201 -13-di - Fe**(a 2e” = Fe(s -0.45 i i
buta-13-diene  CqHe g 2541 . *( a) + g - '( ) Type of proton Chemical shift /
Oo—lI 201 ethyne C,H, g 21301 Niz*(aq) + 2e = Ni(s) -0.26 ppm
Si—H 323 benzene CeHs | -3268 Sn?*(aq) + 2e” = Sn(s) -0.14 —CH3 0.9-10
Si—Si 226 methylbenzene CoHsCHs | 3910 Pb¥(ag) +2e° = Phb(s) -013 —CH,—R 13-14
Si—S 293 naphthalene CioHs s -5156 H*(aq) + e = YaH,(g) 0.00 —CHR, 15
Si—F 597 chloroethane  CaHeCl g -1413 Cu**(aq) + & = cu'(aq) +015 RO—C(=0)—CH,— 20-25
Si—Cl 400 iodoethane C,Hsl | -1463 S0.>"(aq) + 4H*(aq) = H,S0s(aq) + +0.17 R—C(=0)—CH,— 22-27
Si—Br 330 trichloromethane CHCl, | -473 2 H:0() —CeHs—CHj (CH;ona  25-35
Si—| 234 methanol CH,OH I -726 Cu(aq) + 2¢° = Culs) +034  benzene ring)
P—H 322 othanol C.H.OH | 1367 ;zOz(g) +H,0() + = 20H(aq) +0.40 —C=C-H 1.8-311
o
P—P 198 propan-i-ol  CsH,OH | -2021 ; : = —CH,—Hal 85-4.4
Cu*(aq) + e = Cu(s) +0.52 R—O—CH,— 3.3-37
P—F 490 butan-1-ol CaHoOH I 2676 e — Fag) 1054 2 53
o = .
P—Cl 322 oyclohexanol  CeHyOH s -3728 o = Fe(aq) oy | RCLO-O—CH—  37-48
P—Br 264 phenol C.H.OH s 3053 9 9 : R—C(=0)—0—H 90-130
Ag*(aq) + e = Ag(s) +0.80
Pl 184 ethoxyethane  (CoHs).0 | -2724 - —rnse R—O0-H 10-60
Bry(1) + e = Br(aq) +1.09
S—H 364 methanal HCHO g  -571 . - —CH=CH, 4.5-60
1%:0,(g) + 2H*(aq) + = H,0() +1.23
S—S 266 ethanal CH;CHO g -1167 2e- —CsH,—OH (OHon a 40-120
S—F 827 benzaldehyde  CeH:CHO | -3525 | (0 2(aq)+ —2Crv(aq)+  +136 benzene ring)
s—c o propanone (CH),CO | -1790  14H'(aq) + 6" 7H,0(1) gCGHﬂ—H, (H)O” a 69-90
enzene rin
S—Br 218 pentan-3-one  (C,Hs),CO | -3100 %Cly(g) + e = CI(aq) +1.36 Rfc(—o)fli 04100
F—F 159 phenylethanone CHsCOC4Hs | -4149 Mn0,~(aq) + = Mn>(aq) + +1.51 - ) :
F—CI 255 i i - 8H* 5e” 4H,0(1
methanoic acid  HCOOH I 255 ' (aq) + o el (1 Mass spectral fragments lost
F—Br 249 ethanoic acid ~ CH,COOH | -874 VFo(g) + € = F(aq) +2.87 .
F— 280 bemreic acid RGeS S Mass lost ( Possible neutral fragment
ciecl oan st g Infrared data: Characteristic M) lost
ethanedioic acid (COOH), s -243 5 <n
Cl—Br 219 ethyl ethanoate CH,COOC,Hs|  -2238 ranges forinfrared == .OHZ
cl—I on cthanamide ~ CH.CONH, s  -1186 absorption due to 8 Ho
Brobr 198 R CCIN R A SR CE stretching vibrations 2 Ch<CH. CO
Br—I 178 i _ s - S
phenylamine  CeHsNH. | isss@lll in organic molecules 29 «CH,CHs, *CHO
nitrobenzene CsHsNO, | -3088 Types of Wavenumber 31 -OCH,
Bond enthalpies or urea COMNH:). s =633 Bong organic Jom Intensity 45 -COOH
lucose CsH1206 s -2803 molecules
average bond enthalpies :
298915 P t':: . sucrose Ci2H220m s -5640 C—I iodoalkanes 490-620 strong certa
at .15 K: Multiple bonds _ -
Bond  Enthalpy / kJ oI—- Acid-base indicato g Cromeslenss S00T600 etong =g £ b = Ay = Aa+ Ab
C=C 614 p pH Colour  Colour  C—Cl chloroalkanes 600-800  strong y= a_b - ﬂ _ Aa + ﬁ &
c-N 615 Indicator K, range z';?;gei Z:\kaaf:igei C—F fluoroalkanes 1000-1400  strong c y a b
Cc=0 804 C—0 alcohols, 1050-1410  strong Ay Aa
oos 536 methyl orange 3.7 31- red yellow esters, ethers y=a" = — = |n—
= 44 C=C alkenes 1620-1680 medium- a
c=C 839 bromophenol 4.2 3.0- yellow blue weak:
C=N 890 bl 46 " NOT IN THE IB BOOKLET
- v : multiple NMR reference
C=0 1077 bromocresol 4.7 40— vyellow blue bands
N=N 470 green 56 C=0 aldehydes, 1700-1750  strong drms = 0 ppm
N=0 587 methyl red 51 44— red yellow ketones,_ Splitting pattern (HL)
N=N 945 62 :iirg?;ﬂéc n neighbouring H on adjacent C —
0-0 498 kg‘rjemothymol 70 sg— yellow blue esters n + 1 peaks
0=S 522
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