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2. Electrochemical series

Reaction Standard electrode potential
(EY) in volts at 25 °C
Fy(g) +2e- = 2F (aq) +2.87
H,0,(aq) + 2H"(aq) +2e~ = 2H,0(]) +1.77
Au'(aq) +e = Au(s) +1.68
Cly(g) +2¢- = 2Cl(aq) +1.36
0,(g) + 4H*(aq) + 4¢- = 2H,0(1) +1.23
Bry(l) + 26~ = 2Br(aq) +1.09
Ag'(aq) +e = Ag(s) +0.80
Fe**(aq) +e= = Fe?'(aq) +0.77
O,(g) +2H"(aq) + 2¢- = H,0,(aq) +0.68
L(s)+2e = 2I(aq) +0.54
0,(g) + 2H,0(l) + 4e- = 40H (aq) +0.40
Cu?"(aq) +2e- = Cu(s) +0.34
Sn*"(aq) +2¢- = Sn*'(aq) +0.15
S(s) +2H'(aq) + 26 = H,S(g) +0.14
2H'(aq) +2e- = Hy(g) 0.00
Pb*(aq) +2¢~ = Pb(s) ~0.13
Sn*'(aq) +2¢” = Sn(s) -0.14
Ni?*(aq) +2¢~ = Ni(s) ~0.25
Co**(aq) +2¢~ = Co(s) ~0.28
Cd*(aq) +2e~ = Cd(s) -0.40
Fe'(aq) +2¢~ = Fe(s) ~0.44
Zn?"(aq) + 2~ = Zn(s) -0.76
2H,0(]) + 2e- = H,(g) + 20H (aq) -0.83
Mn?*(aq) +2¢~ == Mn(s) ~1.18
AlP*(aq) +3e” = Al(s) ~1.66
Mg (aq) +2¢ = Mg(s) 237
Na“(aq) +e = Na(s) 271
Ca*'(aq) +2¢~ = Ca(s) ~2.87
K'(aq) +e = K(5) ~2.93
Li*(ag) +e” = Li(s) ~3.04




3. Chemical relationships
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Name

calculating the number of moles

universal gas equation pV =nRT
calibration factor (CF) for bomb calorimetry CF= %
enthalpy AH = mcAT
electric charge Q=1
number of moles of electrons nle )= %

4. Physical constants and standard values

Name Symbol Value

Avogadro constant NyorlL 6.02 x 1023 mol™!
charge on one electron (elementary charge) e ~-1.60 x 10°1° C
Faraday constant F 96 500 C mol™!
molar gas constant R 8.31 Jmol ' K'!
molar volume of an ideal gas at SLC Vin 24.8 L mol™! at 100 kPa at 25.0 °C
specific heat capacity of water c 418 g 'K at25.0°C

5. SI prefixes

SI prefix Scientific notation Multiplying factor
giga (G) 10° 1 000 000 000
mega (M) 106 1 000 000

kilo (k) 103 1000

deci (d) 107! 0.1

centi (c) 102 0.01

milli (m) 1073 0.001

micro (u) 106 0.000001

nano (n) 107 0.000000001

pico (p) 10712 0.000000000001

TURN OVER
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6. Acid-base indicators

Name pH range Colour change from
lower pH to higher pH in range

thymol blue 1.2-2.8 red — yellow

methyl orange 3.1-44 red — yellow

bromophenol blue 3.0-4.6 yellow — blue

methyl red 4.2-6.3 red — yellow

bromothymol blue 6.0-7.6 yellow — blue

phenol red 6.8-8.4 yellow — red

phenolphthalein 8.3-10.0 colourless — red

7. Sample representations of organic molecules

molecular formula

C,Hz0, or C;H,COOH

semi-structural formula

CH,CH,CH,COOH

structural formula

skeletal structure




8. Formulas of some fatty acids
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Name Semi-structural formula Molecular formula
lauric CH;(CH,),,COOH C,H,;COOH
myristic CH;(CH,),,COOH C,;3H,,COOH
palmitic CH;(CH,),,COOH C,sH;;COOH
palmitoleic CH;(CH,),CH,CH=CHCH, (CH,);CH,COOH C,sH,,COOH
stearic CH;(CH,),,COOH C,,H;sCOOH
oleic CH;(CH,),CH=CH(CH,),COOH C,7H;;COOH
linoleic CH;(CH,)4(CH=CHCH,),(CH,),COOH C,;H;,COOH
linolenic CH;CH,(CH=CHCH,);(CH,),COOH C,7H,,COOH
arachidic CH;(CH,),,CH,COOH C,oH;yCOOH
arachidonic CH;(CH,)4(CH=CHCH,);CH=CH(CH,);COOH C,9H;,COOH

9. Structural formulas of some important biomolecules
CH,OH
H H_O:H /@I H—C—OH
OH H H OH,
HO 0 CH,0H H—C—OH
H OH OH H H—C—OH
sucrose
H
glycerol

OH

vitamin C (ascorbic acid)

TURN OVER
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H I
CH Cx (.j ~ ~r-CH;
Scn ¢ (M
CH, H CH,4
/CH
CH;
CH,

HO
vitamin D, (ergocalciferol)
CH,OH
H O
h H
OH H
HO OH
H OH
a-glucose
CH,OH | CH,0H | CH,0H
o (0] o
OH OH OH
OH 0 0 OH
OH B OH |00 OH
amylose (starch)
CH,OH
O
. OH
0o
OH 0
CH,OH CH, CH,OH
o O O
OH OH OH
[¢) o] of
OH OH OH

amylopectin (starch)

CH3 ~ CH/ 2N CH ~ AN CH/
CH, I
CH,
CH
CHY
CH,
HO
vitamin D5 (cholecalciferol)
CH,OH CH,OH
fructose
O
*H;N N O
0 H f0)
O
aspartame
CH,OH OH
O o
, . OH OH
o 0 0
i OH CH,0H
cellulose
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10. Heats of combustion of common fuels

The heats of combustion in the following table occur at a temperature of 25 °C and a pressure of 100 kPa.

Fuel Formula Heat of combustion Molar heat of combustion
(MJ kg™ (kJ mol )
hydrogen H, 141 286
methane CH, 55.6 889
ethane C,Hg 51.9 1560
propane C;Hg 50.5 2220
butane CH 49.7 2880
octane CgHig 479 5460
ethyne (acetylene) C,H, 49.9 1300
methanol CH;0H 22.7 726
ethanol C,H;OH 29.6 1360

11. Typical heats of combustion of common blended fuels

The heats of combustion in the following table occur at a temperature of 25 °C and a pressure of 100 kPa.

These are typical values and will vary depending on the source of the fuel.

Fuel Heat of combustion
(MJ kg™)
kerosene 46.2
diesel 45.0
natural gas 54.0

12. Energy content of foods

Food Energy content
kJ g™
fats and oils 37
protein 17
carbohydrate 16

TURN OVER
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13. Characteristic ranges for infra-red absorption

Bond Wave number Bond Wave number
(em™) (em™)
C—Cl (chloroalkanes) 600-800 C=0 (ketones) 16801850
C-O0 (alcohols, esters, ethers) 1050-1410 C=0 (esters) 1720-1840
C=C (alkenes) 1620-1680 C-H (alkanes, alkenes, arenes) 2850-3090
C=0 (amides) 1630-1680 O-H (acids) 2500-3500
C=0 (aldehydes) 16601745 O—H (alcohols) 3000-3600
C=0 (acids) 16801740 N-H (amines and amides) 3300-3500

14. 13C NMR data

Typical 13C shift values relative to TMS = 0
These can differ slightly in different solvents.

Type of carbon Chemical shift (ppm)
R-CH; 8-25
R-CH,—R 20-45
R;-CH 40-60
R,—C 36-45
R-CH,—X 15-80
R;C—NH,, R;C-NR 35-70
R-CH,-OH 50-90
RC=CR 75-95
R,C=CR, 110-150
RCOOH 160-185

R \C . 165-175
=
RO
R>C . 190-200
H
R,C=0 205-220




15. 'H NMR data

Typical proton shift values relative to TMS = 0
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These can differ slightly in different solvents. Where more than one proton environment is shown in the
formula, the shift refers to the ones in bold letters.

Type of proton Chemical shift (ppm)
R—-CH; 0.9-1.0
R-CH,-R 1.3-14
RCH=CH-CH; 1.6-1.9
R;—CH 1.5
/P a
CH;— C\ or CH;— C\ 2.0
OR NHR
R CH
N
C 2.1-2.7
|
0)
R-CH,—X (X=F, Cl, BrorI) 3.0-4.5
R-CH,-OH, R,~CH-OH 3.3-45
0)
Z
R—C 3.2
NHCH,R
R—O—CH; or R—O—CH,R 3.3-3.7
0]
|
0—C—CH,4 23
R C//O
- 3.7-4.8
AN
OCH,R
R-O-H 1-6
(varies considerably under different conditions)
R-NH, 1-5
RHC —CHR 4.5-7.0
OH 4.0-12.0

TURN OVER
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12

Type of proton Chemical shift (ppm)
H 6.9-9.0
O
Z
R—C 8.1
AN
NHCH,R
O
R C//
— 9.4-10.0
AN
H
Y
R—C/ 9.0-13.0
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16. 2-amino acids (a-amino acids)

Name Symbol Structure

alanine Ala CH,

H,N— CH——COOH

arginine Arg NH
CH;— CH;— CHy— NH—— C——NH,

H,N—CH——COOH

asparagine Asn o
CH;— C——NH,

H,N— CH——COOH

aspartic acid Asp CH;— COOH

H,N— CH——COOH

cysteine Cys CH;—SH

H,N— CH——COOH

glutamine Gln 0
CH;— CH;y—C——NH,

H,N— CH——COOH

glutamic acid Glu CH;— CH;—— COOH

H,N——CH——COOH

glycine Gly H,N—CH,— COOH
histidine His N
A
CH N,
T

H,N—CH——COOH

isoleucine Ile CHy— CH—— CH;— CHj,

H,N—CH——COOH

TURN OVER
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Name Symbol Structure
leucine Leu CHy—— CH——CH,
CH,
H,N—CH——COOH
lysine Lys CH;— CHy— CH;— CH;— NH,
H,N—CH——COOH
methionine Met CH;—— CH;——S——CH,
H,N— CH——COOH
phenylalanine Phe CHZ—@
|
H,N—CH——COOH
proline Pro COOH
N
serine Ser CH;,— OH
H,N— CH——COOH
threonine Thr CH;— CH—— OH
H,N— CH——COOH
tryptophan Trp H
CH, \
H,N— CH——COOH
tyrosine Tyr
|
H,N— CH——COOH
valine Val

CH;— CH—— CH,

H,N— CH——COOH

END OF DATA BOOK
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