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1. Some relevant equations

° c:f)\

e E=hf

] n:%

e n=CV

e PV =nRT
e Vi _ BV
e Q =mcAT

molar mass of desired product % 100
total molar mass of reactants

e« AH® =% (Aer products) -2 (Aer reactants)
o AH® =X (AH? reactants) — ¥ (AHY products)
o AG® =AH® -TAS®

e AG=AG°+RThQ

e AG°=-RTIhK

e AG®° = -nFE®

e k= Aew

e« Ink=22+InA

o pH = —log;, [H30"]

e pH = —log;, [H']

« Ky=[H[OH ]

e pOH = —logy, [OHf}

e % atom economy =



2. Physical constants

Quantity

Elementary charge

Electron rest mass

Proton rest mass

Neutron rest mass

Speed of light in vacuum

Planck constant

Avogadro constant

Gas constant

Molar volume of an ideal gas at STP
Specific heat capacity of water

lonic product constant for water at
29815 K

Faraday constant

Symbol

Approximate value

1.602177 x 1071°C

9.109384 x 10 3'kg

1.672622 x 10~ 2"kg

1.674927 x 10~2"kg

3.00 x 108ms™!

6.63 x 10~%4Js

6.02 x 10%mol !

8.31JK 'mol !

2.27 x 10 2m?*mol ! = 22.7dm*mol !

4.18kJkg "K' =4.18Jg 'K!
1.00 x 10~ *“mol*dm°

9.65 x 10*Cmol ™!



3. Metric (SI) multipliers

Prefix

peta

tera

giga

mega

kilo

hecto

deca

deci

centi

milli

micro

nano

pico

femto

Abbreviation

P

= Q N

=N

da

Value

1015
1012
10°
10°
103
102
101
1071
102
1073
1076
1077
10—12

10715



4. Unit conversions and standard conditions
Temperature(K) = temperature(°C)) + 273.15

1dm?® = 1litre = 1 x 107%m3 = 1 x 10%cm?

STP conditions: 273.15 K and 100 kPa

SATP conditions: 298.15 K and 100 kPa
5. The electromagnetic spectrum

increasing energy

107 107 107 107 10 10° 107 10™ 10° 10° 10° 10° 10° wavelength/m

Li

Li

y-rays X-rays | UV IR microwaves radio waves

'VIBGYOR,

400 700
wavelength / nm




6. Names of the elements

Element Symbol Atomic number
actinium Ac 89
aluminium Al 13
americium Am 95
antimony Sb 51
argon Ar 18
arsenic As 33
astatine At 85
barium Ba 56
berkelium Bk 97
beryllium Be 4
bismuth Bi 83
bohrium Bh 107
boron B 5
bromine Br 35
cadmium Cd 48
caesium Cs 55
calcium Ca 20
californium Cf 98
carbon C 6
cerium Ce 58
chlorine Cl 17
chromium Cr 24
cobalt Co 27
copernicium Cn 112
copper Cu 29
curium Cm 96
darmstadtium Ds 10
dubnium Db 105
Element Symbol Atomic number
dysprosium Dy 66
einsteinium Es 99
erbium Er 68
europium Eu 63
fermium Fm 100
flerovium Fl s
fluorine F 9
francium Fr 87

gadolinium Gd 64



Element Symbol Atomic number

magnesium Mg 12
manganese Mn 25
meitnerium Mt 109
mendelevium Md 101
mercury Hg 80
molybdenum Mo 42
moscovium Mc U
neodymium Nd 60
neon Ne 10
neptunium Np 93
nickel Ni 28
nihonium Nh 13
niobium Nb Yl
nitrogen N 7
nobelium No 102
oganesson Og 18
osmium Os 76
oxygen (e} 8
palladium Pd 46
phosphorus P 15
platinum Pt 78
plutonium Pu 94
polonium Po 84
potassium K 19
praseodymium Pr 59
promethium Pm 61
protactinium Pa 91
radium Ra 88
radon Rn 86
rhenium Re 75
rhodium Rh 45
Element Symbol Atomic number
roentgenium Rg m
rubidium Rb 37
ruthenium Ru 44
rutherfordium Rf 104
samarium Sm 62
scandium Sc 21

seaborgium Sg 106



7. The periodic table

1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16 17 18
1 Alomie rumber 2
1| w He
1.01 Elemecit 4.00
3 4 & 8 7 & ] 0
2 Li Be Relativa atamic B c N o] F Ne
6.94 0.01 s 1081 | 1201 | 1401 | 600 | 1900 | 20018
1 12 13 14 15 18 17 18
3| MNa Mg Al Si P -3 cl Ar
2280 | 24 26.98 28,00 30.67 3207 545 3695
19 20 F2 22 23 24 25 26 P2 28 29 30 31 32 33 34 35 36
4 K Ca Sc Ti v cr Mn Fa Co Ni Cu Zn Ga Ge As Sa Br Kr
3910 | 4008 | 4495 | 4787 | 5004 | 5200 | 5494 | 5585 | 5893 | 5869 | 6355 | 6538 | 6972 | 7v2e3 | vas2 | 7e96 | 7os0 | 8380
37 38 39 40 4 42 43 44 45 48 47 48 49 50 51 52 53 54
5| Rb Sr Y Zr Nb Mo Te Ru Rh Pd Ag Cd In Sn Sb Te I Xe
8547 | arez | st | a1z | szst | 9596 | (e& | w0107 | 028 [ 10642 | 10787 | 11241 | 11482 | v1e71 | 12176 | 12760 | 12690 | 13128
55 56 57 72 73 74 75 76 T 78 19 BO 81 82 B3 B4 85 BE
6| ©Cs Ba Lat HI Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
132,91 | 13733 | 138.91 | 178.49 | 180,95 | 18384 | 18621 | 190.23 | 19222 | 19508 | 196.97 | 20050 | 20438 | 20720 | 20808 | (208) | (210) | (222)
&7 [ [ wa | o105 [ o106 [ 107 | 108 w110 | 2 | o3 | o1 | s [ e [ 17 | e
7| Fr Ra | Act Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Me Lv Ts Og
(Z23) | (2> | (227} | (267) | (28B) | (268) | (270) | (268) | (27E) | (2B1) | (2B1) | (285) | (286) | (=89 | (28@) | (2E3) | (24) | (294)
58 59 &0 &1 &2 63 B4 &5 66 BT &8 649 ] T
T Ce Pr Nd Pm Sm Eu Gd Tb Dy He Er Tm Yb Lu
140,12 | 140,81 | 14424 | (145) | 150,36 | 151.96 | 157.25 | 158.93 | 162.50 | 164.93 | 167.26 | 18693 | 173.05 | 174.97
] o1 [:F] 93 84 a5 96 a7 98 o 100 101 102 103
S Th Pa u Np Pu A Cm Bk ci Es Fm Md Ne Lr
23204 | 231,04 | 23803 | (23T | (244) | (243) | (24T) | (24T) | (251) | (252) | (26T) | (2H8) | (259) | (262)
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8. Melting points and boiling points of the elements at

101.325 kPa

10

=250.2 Maiting point / *C:
H He
-2562.49 -268.9
Element
180.5 1287 2077 ASD0 | =200 | 2B | -N18.T | 2486
Li Be B c N 8] F Ne
1342 | 268 Boiling paint / *C 4000 | 4827 | -1958 | -1830 | -188.1 | -246.0
87.T4 GS0.0 BE0.3 1414 44,15 1152 | -101.5 | -188.3
Na Mg Al Si P s Cl Ar
BB2S 1090 2519 3265 | 2805 | 4446 | -3404 | -185.8
B3.38 Ba2.0 1541 1670 1810 1907 1246 1538 1495 1455 1085 418.5 20.77 382 Bl6.8 208 | -7.050 | 1574
K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
8.8 1484 2835 1287 3407 2671 2081 2881 27 2013 2560 907.0 2229 2833 613.0 BE4B GB.TE | -1534
3030 | 7688 | 1522 1854 2477 2622 2157 2333 1963 1555 | o618 | 3211 1566 | 2310 | 6306 | 4495 | 1137 | =118
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Cd In Sn Sb Te I Xe
BETE | 1377 3345 | 4406 4744 4539 4252 4147 3895 2963 2162 | 7E6E | 2027 2586 1587 | o7& | 1844 | -10B1
2844 | T250 | %200 | 2233 3017 3414 3453 3033 2446 1768 1064 | <3883 | 303.8 | 3275 | 274 | 2538 | 3018 | -71.15
Cs Ba Lat Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
670.8 1845 3464 4600 5455 5555 5800 5008 4428 3825 2836 | 356.6 1473 1749 1564 BE20 | 3368 | -61.85
2700 68 1050
Fr Ra Act
ETEE 1140 J200
785 835 1024 1042 1072 B26 1313 1350 1410 1472 1529 1545 824 1663
t Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
3433 3510 T4 (2730) 1793 1596 3273 3230 2567 2654 20900 1950 1154 3402
1750 1572 1135 63T B4O 1176 1340 BE5 900 (860) 827
b 4 Th Pa 1] Np Pu Am Cm Bk cf Es Fm Md [ Lr
4788 (400H0) 318 (3800) 3230 [H06T) ES R} {2623)
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9. First ionization energy, electron affinity and
electronegativity of the elements

132 73 First sanizaticn Elecaren alfnity (EA) / kJ mel™! 272
H anengy | kJ mol™! {2nd EA T kd mol™) He
232

520 -60| 0o Element &1 -27| 1088 -122] 1402 13:-: -71;31' 1681 -328(2081

#
Li Be . B c N o] F He
10 18 Elactranagathity 20 26 30 a4 4.0
406 -53(73 ste -42(7e7 -1m]i012 -T2 1003 -52350' 1251 -348( 1520
.
Na Mg Al si P 5 cl Ar
0.9 1.3 16 1.9 232 28 332

410 -4B|500  -2|e33  -1B[esa  -glesy  -51es3  -g4|T17 762 -15[T60  -g4[737 -11z|745 -110|D06 570 -41(7E2 -ti0foee  =TE(041 -105]1140 -325(1351
K Ca Se Ti v Cr Mn Fe Co Ni Cu n Ga Ge As Se Br Kr
0.8 1.0 14 1.5 18 1.7 18 1,8 1.9 1.9 19 1.8 1.8 2.0 22 2.8 30

a3 -47(548  -5|ebo  -30[mdo  -4i|esz  -seeed  -T2[Taz  -sa(7i0 -i0a|7Ro -1i0)B04  -S4[730 -126(ees sse -zo(Tos -107|a31 -101|86s -160]1008 -285|11T0
Rb Sr Y Zr Nb Mo Te Ru Rh Pd Ag Cd In Sn Sh Te 1 Xe
0.8 1.0 1.2 1.3 16 22 24 22 23 2.2 19 1.7 1.8 2.0 20 24 27

ane  -ab[soa  -asam  -aslsss  -afrme -mi|mes -relrse -1afeis -wefess -1s1|ess -20ssen 223 (107 sen  -a6(7e -as|ron -enfee2 - -zra|war
Cs Ba Lat HFf Ta w Re Os Ir Pt Au Hg T Pb Bi Po At Rn
0.8 0.9 14 1.3 15 1.7 149 22 22 2.2 24 1.8 1.8 1.8 10 20 2E

303 —47|509 -0|4pa 34
Fr Ra Act
o7 04 11

s34 -g3(sze -nafs3a -tes|san 545 547 -p3fsa3 568 -112|573  <pfsm £ 507 -pofes 2(s24 -33
t Ce Pr HNd Pm Sm Eu Gd Th Dy He Er Tm b Lu
1.1 1.1 14 1.2 1.2 1.2 1.2 12 1.3 1.0
600 565 B 605 551 576 578 508 [ 619 627 635 42 473
t Th Pa u Np Pu Am Ccm Bk ct Es Fm Md No Lr
13 1.5 1.7 13 1.3
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10. Atomic and ionic radii of the elements

12

The values for atomic radii used in this table are the covalent radii of the elements.

a2 Adomic radius | 7
H 10 m He
Element
130 99 a4 75 il (] &0 G2
Li Be B c M o F Ne
TE(1+) | 45(2+) londc radius / 2T (3+) | 16 (d#) | 146 (3-) | 140 (2-) | 133 (1)
107" m (chasge)
160 140 124 114 109 104 100 101
Ma Mg Al Si P s cl Ar
1021+ | T2(2+) 54 (3+) | 40 (d#) | 38 (5+) | 184 (2-) | 181 (1)
200 174 158 148 144 130 129 124 118 17 122 120 123 120 120 118 117 116
K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
13 (14} | 100 (2+) | 75{3+) | BE(2+) | TO{2+) | B2 (4] | BI (24} [ 61 (2+] | B5(2+) | B9 (2+) | TT(1+) [ T4(2+) | 62(3+) | 53 (4+) | 58 (3=) | 196 (2-) | 196 (1}
B1(4+) | 54(5+) | 44(6+) | 53 (4+) | 55(3+) [ 55(3+) T3 (2+) ETE(4-) | 46 (5+)
215 190 176 164 156 146 138 136 134 130 135 140 142 140 140 137 136 136
Rb Sr X Zr Nb Mo Te Ru Rh Pd Ag cd In Sn Sb Te 1 Xe
162 (14} | 118 (24} | 20{3+) | T2{4#) | T2{I+] | B5(4+) | B5 (44} [ BB (I+] | 67 (3+) | B6(2+) | 115{1+) [ 95(2+) | BO(3) | 118 [2+) | TE (3¢) | 221 (2=} | 2201~}
B4 [5+) B2 (4+] | BO(4+) | B2 (44) 89 (4+)
238 206 184 164 168 150 141 136 132 130 130 132 144 145 160 142 146 146
Cs Ba Lat Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
1B (14) | 135 (2+) | 103 (3+) | T1(42) | B4(5+) | BB (4+) | 63 (4+) | 63 (4+) | GB(I+) | 80 (2+) [ 137 (14) [ 199 {1=) | 150 (1) | 119 2+) | 103 (3+) | 57 {4+)
BO(B+) | 53(7+) | 55(6+) | B3 (4+) | B3 (4+) | 85(3+) | 102 (2+) | BA(3+) | T84+ | TE(5+)
242 n 201
Fr Ra Act
164 190 188 186 185 183 182 181 180 178 17r 1T 178 174
1 Ce Pr Nd Pm Sm Eu Gd Th Dy Heo Er Tm Y Lu
100 (3+) | S (3+) | SB[+ | OF (34) | 96 (34) | VIV (20 | D4 (34) | D2 (34 | W1 (3+) | GO+ | BD(3+) | BB (3s) | AT (3e) | BE (34
BT (4%} | BS (4+) 95 (3+) 76 (4+)
w0 | 14 | 183 | ve0 | we0 | w73 | 168 | e [ 68 | 185 | 167 LI I
1 Th Pa L] Np Pu Am Cm Bk cf Es Fm Md No Lr
94 (44) | 104 (3+) | BO (44} [ 101 (34+) | 100 {3+) | 98 (2+) [ OF (3+) | 96 (I+) | 95(3+) 110 (24}
G0 (4+) | T3(6+) | BF (4+) | BE(4+) | 85 (4+)
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11. Covalent or average covalent bond lengths

Single bonds
Length Length Length Ler
Bond / Bond / Bond / Bond
1072m 1072m 1072m 10~
H-H 74 N-H 101 Si— H 148 S—H 1
H-F 92 N-N 146 Si— Si 232 S-S 2l
H-Cl 128 N-0 136 Si— 8 215 S—F 1
H — Br 141 N - Si 174 Si— F 156 S—Cl ¢
H-1I 160 N-S 175 Si—Cl 202 S — Br 2:
N-—-F 136 Si — Br 216
C-H 108 N - Cl 197 Si—1T 243 F—-F 14
c-C 154 N — Br 214 F—-Cl 1€
C—-N 147 P—-H 142 F — Br T
Cc-0 143 O-H 97 P—-P 221 F-1T 1
C - Si 185 O-0 148 P-S 210
c-P 184 O - Si 163 P—-F 154 Cl-Cl 1¢
c-S 182 O-P 154 P-Ci 203 Cl— Br 2
C-F 138 o-S5 161 P — Br 220 Cl—-1 2
C-Cl 177 O-F 142 P-1 247
C — Br 194 0 -Ci 170 Br — Br 2!
Cc-1I 214 Br—1I 2.
I-1 21
Multiple bonds
Bond Ii;rlgg;n/ Bond E?Jrl%;:{ Bond Iif)rl%;;‘{
c=C 134 =N 125 0=0 121
C=N 130 = 14 o=S 143
C= 122
c=S 156 S=8 189
C= 120 N=N 110
C=N 16

Q
1l

13



12. Bond enthalpies or average bond enthalpies at 298.15 K

Single bonds
Enthalpy
Bond /
kJmol!
H-H 436
H-F 567
H-Cl 431
H — Br 366
H-1 298
C—-H 114
c-c 346
C—-N 286
C-0 358
C - Si 307
cC-P 264
c-S 289
C-F 492
C-Cl 324
C — Br 285
C-1I 228
Multiple bonds
na S
C= 614
C=N 615
C= 804
c=S 536
C= 839
C=N 890

Q
1l

1077

Bond

N-H

N-—-N

N-0O

N-—-F

N -Cl

O-H

0-0

O —8Si

O-P

O-F

O — Br

O-1

Bond

I
2

Enthalpy
/ Bond
kJmol 1
391 Si— H
158 Si— Si
214 Si— S
278 Si—F
192 Si—Cl
Si— Br
463 Si—1
144
466 P—-H
363 P—-P
191 P—-F
206 P-Cl
201 P — Br
201 P-1T1
Enthalpy /
kJmol !

470

587

945

Enthalpy

kJmol™!

/

323

226

293

597

400

330

234

322

198

490

322

264

184

Bond

Cl-Cl
Cl— Br

Cl—-1

Br — Br

Br—1

Enthalpy /
kJmol?

498

522

429



13. Thermodynamic data (selected compounds)

Substance

methane

ethane

propane

butane

pentane

hexane

ethene

propene

but-1-ene

cis-but-2-ene

trans-but-2-ene

ethyne

propyne

buta-1,3-diene

cyclohexane

benzene

methylbenzene

ethylbenzene

phenylethene

chloromethane

dichloromethane

trichloromethane

bromomethane

iodomethane

chloroethane

bromoethane

chlorobenzene

methanol

ethanol

phenol

methanal

ethanal

propanone

methanoic acid

ethanoic acid

benzoic acid

methylamine

water

Formula

CHy

CoHg

Cs3Hg
CyHyo
Cs5Hip
CeHua
CyHy

Cs3Hs

CyHg

CyHg

CyHg

CyH,

CsHy

CyHs

CeHiz
CsHs
CeHsCH3
CeH;CH>,CH3
C¢HsCHCH>
CHsCl
CHyCl,
CHCl3
CHsBr
CHs3I
CaH5Cl
CyHsBr
CeH5Cl
CH3;0H
CoH;0H
CeHsOH
HCHO
CH3CHO
(CHj), CO
HCOOH
CH3COOH
CsH;COOH
CH3N H,

H,0

State

AH? |
kJmol ™!

-74
-84
-105
-126
-173
-199
+52
+20
+0.1
-7
-1
+228
+185
+110
-156
+49
+12
-12
+104
-82
-124
-134
-36
-14
-137
-90
+1
-239
-278
-165
-109
-166
-248
-425
-484

-385

-286

AG? |
kJmol !

-50
-32

-24

+68
+62
+71
+66
+63
+211
+194

+151

+125

-58

-74

-26

-53

-26

-167

-175

-102

-133

-361

-390

+32

-237

S°
JK 'mol™!

+186
+230
+270

+310

+220
+267
+306
+301

+297
+201

+248

+279

+173

+235
+178

+202
+246

+163

+199

+127
+161

+144
+219
+264
+200
+129
+160
+168
+243

+70



14. Enthalpies of combustion

The values of the molar enthalpy of combustion (A H,®) in the following table refer to a temperature
of 298.15 K and a pressure of 100 kPa .

Substance Formula State AH? [ kJmol~!
hydrogen H, g -286
sulfur S s -297
carbon (graphite) C s -394
carbon monoxide CcO g -283
methane CHy g -891
ethane C2Hg e} -1561
propane C3Hg g -2219
butane CyHyg g -2878
pentane CsHi | -3509
hexane CeH4 -4163
octane CsHig -5470
cyclohexane CgHis -3920
ethene CoHy g =141
buta-1,3-diene CyHg g -2541
ethyne CoH> g -1301
benzene CsHsg | -3268
methylbenzene CeHsCHj | -3910
naphthalene ChoHs s -5156
chloroethane CyH5Cl1 g -1413
iodoethane CoHsI | -1463
trichloromethane CHCl3 -473
methanol CH3OH -726
ethanol CoHsOH -1367
Substance Formula State AHS | kJmol™
propan-1-ol CsH:OH | -2021
butan-1-ol C4HyOH | -2676
cyclohexanol CsH11OH s -3728
phenol CeHsOH s -3053
ethoxyethane (C2Hs), O -2724
methanal HCHO o] =571
ethanal CH3CHO g -1167
benzaldehyde CgH;CHO | -3525
propanone (CH3),CO I -1790
pentan-3-one (C2Hs), CO -3100
phenylethanone CH;3COCsHs | -4149
methanoic acid HCOOH -255

Athannain anid

NIT.ONNIT

1 —071



15. Colour wheel with wavelengths of the visible spectrum

Yellow

575 nm
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16. Lattice enthalpies at 298.15 K (experimental values)

The lattice enthalpy values (AHSttice

) in the following tables relate to the endothermic process:
MaXp(s) — aM"* (g) + bX*"(g)

in which the gaseous ions of a crystal are separated to an infinite distance from each other.

The data in these tables are experimental values obtained by means of a suitable Born-Haber cycle.

Alkali metal halides AHE .. | KJmol ™
F Cl Br I
Li 1049 864 820 764
Na 930 790 754 705
K 829 720 691 650
Rb 795 695 668 632
Cs 759 670 647 613
Other substances AHP, . | kJmol™!
CaF, 2651
BeCly 3033
MgCls 2540
CaCl, 2271
SrCly 2170
BaCls 2069
MgO 3791
CaO 3401
Other substances AHE .. | KJmol ™
SrO 3223
BaO 3054
CuCl, 2824
AgF 974
AgCl 918
AgBr 905

AgI 892



17. Triangular bonding diagram (van Arkel-Ketelaar triangle)

Electronegativity difference: % %
AX =|Xa — Xs| covalent ionic
8 92
3.0 -
25
25 75
2.0 -
15 - 50 50
1.0 - 75 25
0.5 -
0 100 0

RevisionDojo

I | 1 T T I T T

0.79 1.0 15 2.0 25 3.0 35 4.0
Average electronegativity:

_ (xa +xb)
Zx—iz

19



18. Acid-base indicators

Indicator

methyl orange

bromophenol blue

bromocresol green

methyl red

bromothymol blue

phenol red

phenolphthalein

Colour change
pPK.

3.7

4.2

4.7

5.

7.0

7.9

9.6

pH range
3.1-44
3.0—-4.6
4.0 - 5.6
4.4 —6.2
6.0 —7.6
6.4 —8.0
8.0 —10.0

Acid

red

yellow

yellow

red

yellow

yellow

colourless

Alkali

yellow

blue

blue

yellow

blue

red

pink



19. Standard reduction potentials at 298.15 K

Half-reaction
Li*(aq) + e~ = Li(s)
K'(aq) +e = K(s)
Ca*"(aq) +2¢~ = Cafs)
Na'(aq) + e = Naf(s)
Mg* (aq) + 2~ = Mg(s)
Al**(aq) + 3¢~ = Al(s)
Mn?*(aq) + 2~ = Mn(s)
HyO(1) + e~ == 3Hy(g) + OH ™ (aq)
Zn*"(aq) +2e~ = Zn(s)
Fe?™(aq) + 2~ = Fe(s)
Ni®"(aq) + 2~ = Ni(s)
Sn**(aq) +2e~ = Sn(s)
Pb**(aq) + 2¢~ = Pb(s)
H'(aq) + ¢ < 3Halg)
Cu*'(aq) + e = Cu'(aq)
SO (aq) +4H " (aq) + 2~ = H280s(aq) + H20(1)
Cu*"(aq) + 2~ = Cuf(s)
10s(g) + H20(1) + 2¢~ = 20H (aq)
Cu'(aq) + e = Cu(s)
3I(s) + e =1 (aq)
Fe(aq) + e = Fe*™(aq)
Ag*(aq) + e = Ag(s)
%Brz(l) +e = Br (aq)
302(g) +2H" (aq) + 2~ = H>0(1)
Cry07 (aq) + 14H" (aq) + 6~ = 2Cr** (aq) + TH20(1)
1Cl(g) +e = Cl (aq)
MnOy (aq) + 8H ' (aq) + 5e~ = Mn*"(aq) + 4H>0(1)

%FQ(g) +e = F (aq)

E® |V
-3.04
-2.93
-2.87
-2.71
-2.37
-1.66
-118
-0.83
-0.76
-0.45
-0.26
-0.14
-013
0.00
+0.15
+0.17
+0.34
+0.40
+0.52
+0.54
+0.77
+0.80
+1.09
+1.23
+1.36
+1.36
+1.51

+2.87



20. Infrared data

Characteristic ranges for infrared absorption due to stretching
vibrations in organic molecules

Wavenumber /

Bond Types of organic molecules em-1 Intensity
C—-1 iodoalkanes 490 — 620 strong
C — Br bromoalkanes 500 — 600 strong
C—-Cl chloroalkanes 600 — 800 strong
C-—-F fluoroalkanes 1000 — 1400 strong
CcC-0 alcohols, esters, ethers 1050 — 1410 strong

medium-weak;
c=C alkenes 1620 — 1680 )
multiple bands

aldehydes, ketones, carboxylic
C=0 ik y 1700 — 1750 strong
acids and esters

c=cC alkynes 2100 — 2260 variable

carboxylic acids (with
O—-H ) 2500 — 3000 strong, very broad
hydrogen bonding)

C—-H alkanes, alkenes, arenes 2850 — 3090 strong

alcohols and phenols (with
O-H _ 3200 — 3600 strong, broad
hydrogen bonding)

N—H primary amines 3300 — 3500 medium; two bands



21. '"H NMR data

Typical proton chemical shift values ( § ) relative to tetramethylsilane (TMS) R represents an alkyl

group, and Hal represents F, C1, Br or | . These values may vary for different solvents and conditions.

Typical proton chemical shift values (8) relative to tetramethylsilane (TMS)
R represents an alkyl group, and Hal represents F, Cl, Bror 1.

These values may vary for different solvents and conditions.

Type of proton Chemical shift / ppm

—CH;, 0.9-1.0
—CH,-R 1.3-1.4
—CHR, 1.5

0]

a 2.0-2.5
RO~ “CH,—

o]

& 22-27
R” “CH,—

OCHS 2.5-3.5
—C=C-H 1.8-3.1
—CH,—Hal 3.5-4.4
R—O—CH,— 3.3-3.7

(0]
& 37-4.8
R” “NO—CH,—
1
9.0-13.0
R—O—H 1.0-6.0
—CH=CH, 4.5-6.0

QOH 4.0-12.0
—©—H 6.9-9.0
0
Il

9.4-10.0
R-C~H



22. Mass spectral fragments lost

Mass lost (M)
15
17
18
28
29
31

45

23. Uncertainties

If:y=a+£b
If:y:%b
If: y = a”

Possible neutral fragment lost
o('Hj3
eOH
H>,O
CH,=CH, CO
eCH,CH; oCHO
eOCH;

eCOOH

then: Ay = Aa + Ab

Ay _

. Ay Aa | Ab | Ac
then.y a+b—|—c

then: % = |n@|

a



