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2. Electrochemical series AL 0F THESE HALF EQUATIOVS  Skow eeductions

Reaction Standard electrode potential STANDOALD
S’(-QONéfST OX\OAN’S + e = (Zeoua‘)d(ms (Eo)lll volts at 25 °C && = C(JVO [TIONS
OKOAMT o Fag) +2¢- = 2F (aq) +2.87
N\ — | HyOy(aq) + 2H"(aq) +2e~ = 2H,0(1)’ +1.77
Ny — L
Au'(aq) +e= = Au(s)’ +1.68
- SE o
C( O 2 Cly(g) + 26~ = 2Cl(aq) +1.36 I&&f oS TESE  vasTAES ALC
R Swep At | (HANGE #T NoN-
@/I\ | Oy(g)+4H*"(aq) +4e- = 2H,O(1) [+1.23 j >2 M CrANOAG)  (OND (MONS
V) Bry(l) + 2 = 2Br(aq) +1.09
g Agf(aq) te- = Ag(s) +0.80
£ Fe¥*(aq) + e~ = Fe?'(aq) +0.77
% O,(g) + 2H"(aq) + 2 = H,0,(aq)’ +0.68
\A
I,(s)+2e~ = 2I(aq) ' +0.54
\§ 0,(g) + 2H,0(l) + 4¢- = 40H (aq) +0.40
é“ Cu*(aq) +2¢” = Cu(s) +0.34
< Sn*(aq) + 2¢- = Sn**(aq) +0.15
S(s) +2H*(aq) + 2 = H,S +0.14 "
3 Lo STANOALD |
K| 2H@g) +2¢ = Hy@) 0.00 ¥| k0o cEN j
E PbZ*(aq) + 2¢= = Pb(S) ~0.13 Electiloote. |
) Sn?*(aq) + 2e- = Sn(s) —0.14
% Ni**(aq) + 2e- = Ni(s) —0.25 Dl A SPon/AMES
(W C02+(aq)+2e_ = Co(s) —-0.28 ﬂEAC’UON ™ O
B Cd2*(aq) +2¢- = Cd(s) ~0.40 :gewcno%
<>E Fe?*(aq) + 2¢ = Fe(s) _0.44 AHOE
N Zn**(aq) +2e” = Zn(s) ~0.76 DXV
e S e
g '] 2H,0(0) + 2= = Hy(g) + 20H(aq)’ -0.83
Q Q Mn?*(aq) +2e~ = Mn(s) ~1.18
=
% § APP*(aq) +3e~ = Al(s) -1.66
é g MgZ*(aq) +2e~ = Mg(s) -2.37
S
\36 Naf(aq) +e= = Na(s) —2.71
W > || Ca¥(ag)+2e = Ca(s) —2.87
\ ‘\(% K*(aq) +e= = K(s) -2.93
3
2 % Li+(aq)+e_ = Liﬁs) _ ;3,04
T [steaicess | _ Mot eeAeve
REQUGANT METAL

AV TS ST
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3. Chemical relationships
Name Formula
m V
number of moles of a substance n=—; n=cV; n=—
M V.,
universal gas equation pV =nRT

oné VIt
calibration factor (CF) for bomb calorimetry| €2/ \->CF = ——
not 2 ATC_Dgv T A0 272 T© AT

. . N "
heat energy released in the combustion of a fuel [3’/ q = mcAT '? (ovvéRT T To J
LT \ Mefe RY -~ (ooe

enthalpy of combustion AH =4 W CALCLULATIONS
n

electric charge O=1t

number of moles of electrons n(e )= %

molar mass of desired product " 100

% atom economy
molar mass of all reactants 1

e vield _acud yeld 100
oyle theoretical yield 1

4. Physical constants and standard values

Name Symbol Value
Avogadro constant NyorlL 6.02 x 103 mol™!
charge on one electron (elementary charge) e -1.60 x 1071° 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™!
(25 °C and 100 kPa)
specific heat capacity of water c e or 4.18 J ¢! K
density of water at 25 °C d 997 kg m™3 or 0.997 g mL™ R

TURN OVER
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5. Unit conversions

Measured value Conversion
0°C 273 K
100 kPa 750 mm Hg or 0.987 atm
1 litre (L) ldm3or1x103m3or1x103cm3orl x 10°mL = 46(7j HZO @ 2S5

6. Metric (including SI) prefixes

~
Metric Scientific notation Multiplying factor L(/( (’OWU(’AE
(including SI) [\N CALcu LA\,
prefixes Repce Aecues
w‘, AAVES H k 4_]
giga (G) £—] 1092 1 000 000 000 AN ‘27\0 E’(
mega (M) 10° 1000 000 H
[a€] = 0¥
kilo (k) 10 1000
deci (@) 10-! 0.1 m
G{‘l’] = — OMLA %5
centi (€)' 2 0.01 EOH’] W AeueES
milli i) 10-3 0.001 : 5""2‘%‘2‘2 w
micro (i) 1070 0.000001 B)H '1 = ‘@
nano (m) 107 0.000000001 [(/( *]

1\

W AQueES
(}(2 O+ SoLUToNV

pico (p) 10712 0.000000000001 [
he |

7. Acid-base indicators

Name pH range Colour change from W ?ﬁ/@__f Wiseh
lower pH to higher pH in range C«&] = L—OH ’]

thymol blue (1st change) 1.2-2.8 red — yellow EVEN (€ THE (l“
methyl orange 3.1-4.4 red — yellow sV 1
bromophenol blue 3.0-4.6 yellow — blue
methyl red 4.4-6.2 red — yellow
bromothymol blue 6.0-7.6 yellow — blue
phenol red 6.8-8.4 yellow — red
thymol blue (2nd change) 8.0-9.6 yellow — blue
phenolphthalein 8.3-10.0 colourless — pinqu
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8. Representations of organic molecules

DATA BOOK

The following table shows different representations of organic molecules, using butanoic acid as an example.

Formula Representation
molecular formula C,/HO,
structural formula H H H Nou MUST
H—ué;’—‘é;’—é;—'C/'/ oeAwW  Alc
TNy Aoms %

AL Gon0S -
semi-structural (condensed) formula CH;CH,CH,000H or €H;(€H,),000H
skeletal structure (obvepsS & ENDS

wrrHou" A I
/\\,/Lk / e CALdoM A .

> AL VTAW  AlBox(L  &loud

9. Formulas of some fatty acids—— A Ale  Soup AT 2S¢

Ai(o)(i)/\frf;— _@ Formula N(c: c\ Semi-structural formula
wol0 “Acg” | 1auric acid (€, HjCOOH () | CH4(CH,);(COOH

T ’(Héfj myristic gad | @§HEECOOH O | CHy(CH,),,COOH
palmitic acid | [CjsHEICOOH () | CH4(CH,),,COOH
palmitoleicacd | (CsHEECOOH [ | CH4(CH,),CH,CH=CHCH, (CH,)sCH,COOH
stearic acid (@gEgsCcooH () | CH;(CH,),{COOH
oleic acid (€j5H55COOH (| CHj(CH,),CH=CH(CH,),COOH
linoleic acd C,7H5COOH 7| CH;(CH,),(CH=CHCH,),(CH,);COOH
linolenic acd | (GjsHECOOH 2| CHyCHy(CH=CHCH,)(CH,);COOH
arachidic agd | JC¢HEICOOH (’ | CH;(CH,);;CH,COOH
arachidonic ggd | €gHECOOH 4 | CH3(CHy),(CH=CHCH,);CH=CH(CH,);COOH

0 ewo N(C;c\ W A FATH ALD TAWL, SE:

(@) Alpcgone P9 C s oA

N(c=c) =

q- 222 3‘ ‘

-

4

TURN OVER
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_10. Formulas of some biomolecules

HC\/(& CH CH
H

H; CH3

CH

CH,

HO

vitamin D, (ergocalciferol)¢&- NOT  St@UCTUEAL (Samels

POLAR

CH,
HO

vitamin C (ascorbic acid)

N WS HAE

HO

H;C_ /C{%/wz CH
CH "G

CH, e,

CH

CH,

—> vitamin D, (cholecalciferol)

| AAC0ES
MNOVOSACHALWE. CHLOH
M, = (g0
a-glucose

T
H—C‘ —OH
H— T —OH
H—T —OH
H
glycerol
CH,OH
O
OH
HO CH,OH
OH

B-fructose (HAS €WE S(OES)

Z‘{A‘j&‘g@‘%f ETHER MC'-((OS‘IO((_ UNK CHonO
M\Z L\Z\‘ CH,OH (D@VU 0(/@0\/6 A CDI\/OE/\/IAT‘QA/
24 LEACTION
: re(ear Ho oS - CHzOHO\(‘)\ OH 1,
H
(WUA(K .

HO

Sucrose

CH,OH

OH

OH
o-lactose
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PHEMULALANMIVE
@gg SD.Q.é‘Z.: s 6{{___@.‘— D© AW  BoNOS THEOUGH
ASPAeTic  AMOE SQAle IPETS ke THS

ACL) esove o0 5

\ CH,OH ]
TN 0
' H,N N N !
|
- HO H
: CH,OH i
. 0 n
aspartame SED W Be AV H Ao cellulose
ON GEMILALANVIVE AS
e e A AlortC .
CH,OH
° BRANCHED
\OH e MOLE SolWbe W WATER
o] . _
ol Gcosow * CANT G&  rUGEo<SEY
(|) /wa WITH AMICASE COWLEELY |
CH,OH CH, CH,OH
Q 0 0
\ OH \. OH OH 7,
¢} o 6] 0
OH OH OH
amylopectin (starch)
CH,OH [ CH,0H ] CH,0H STQA( éH T
0 0 0 e LESS Sowble
- , W WATER
5 OH OH OH y
kG d dJ }\ e CAM QE HYOloNSED
OH | OH OH W AMICASE
! GlLucosnoC
UNVES

amylose (starch)

TURN OVER
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11. Heats of combustion of common fuels

The heats of combustion in the following table are calculated at SLC (25 °C and 100 kPa)@vith combustion
products being CO, and H,O. Heat of combustion may be defined as the heat energy released when a
specified amount of a substance burns completely in oxygen and is, therefore, reported as a positive value,
indicating a magnitude. Enthalpy of combustion, AH, for the substances in this table would be reported as
negative values, indicating the exothermic nature of the combustion reaction.

veey VSEFYe wo

Fuel Formula State\l/ Heat of combustion Molar heat of combustion
&Jg™h (kJ mol™)
hydrogen H, gas 141 282
methane CH, gas 55.6 890
ethane C,Hg gas 51.9 1560
propane C;Hg gas 50.5 2220
butane C,Hyp gas 49.7 2880
octane CgHyg liquid 47.9 5460
ethyne (acetylene) C,H, | gas 499 1300
methanol CH;0H l liquid 22.7 726
ethanol C,HsOH Lliquid L 29.6 1360

NOTHING  AQUEOUS comBoSTs  (ACcoryuve T  VCAA)

12. Heats of combustion of common blended fuels

Blended fuels are mixtures of compounds with different mixture ratios and, hence, determination of a generic
molar enthalpy of combustion is not realistic. The values provided in the following table are typical values
for heats of combustion at SLC (25 °C and 100 kPa) with combustion products being CO, and H,O. Values
for heats of combustion will vary depending on the source and composition of the fuel.

Fuel State Heat of combustion QA(,A/VC@ W@UWO/\) ERUATIONS”
AL Muxtvees kI g™
R L) c, B0
diesel v liquid 45.0 HAwe € opwep EHécnods
£ s
natural gas ¢ gas 54.0 #E w I @ 2% " 7

13. Energy content of food groups

Food Heat of combustion 0 (ESTED ge (’5\/2‘4(\1165\
kJg™h
fats and oils 37 SVAUL  (MTESTIVE \ ANCREATIC  LIPASE
. STOMAM VEN
protein 17 SMALL + LARGE WT.  lqgupn, ete.
carbohydrate 16 sswf\ (%Oy_n ve. | AVLASE -
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14. Characteristic ranges for infra-red absorption
Bond Wave number Bond Wave number
(em™) (em™)
W He C—CI (chl lkanes) 600-800 C=0 (ketones) 1680-1850
—ClI (chloroalkanes — =0 (ketones —

F\N(f@?@w(/ 2
@66(0/\/ C-O (alcohols, esters, ethers) 1050-1410 C=0 (esters) 1720-1840
R C=C (alkenes) 1620-1680 C-H (alkanes, alkenes, arenes) 2850-3090
0 vt

C=0 (amides) 1630-1680 O-H (acids) 2500-3500

C=0 (aldehydes) 1660-1745 O-H (alcohols) 3200-3600

C=0 (acids) 1680-1740 N-H (amines and amides) 3300-3500

o o R

Ei ST
Typical '3C shift values relative to TMS = 0 WhvENulet WHAELSIG ftavenct Evercy

These can differ slightly in different solvents.

> THEET o SQLATING (N SC AR
Type of carbon Chemical shift (ppm)
R—CH, METHYL 8-25
R-CHR  ST{A(LHT 20-45
R4~CH CLANCHED 40-60
R,~C nggﬁi&eo 36-45
R-CH,-X A-HAlo— 15-80
R,C—NH,, R,C-NEAMWE 35-70
R—CH,~OH mﬁz 50-90
RC=CR  ALK\WE 75-95
R,C=CR, AW¥ENE 110-150
RCOOH  CAMxyL 160185
24
R 165-175
c=0 ESTEL

RO
Ry " i 190-200
- €=0 EHy0E
R,C=0 epve 205-220

TURN OVER
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16. TH NMR data
Typical proton shift values relative to TMS = 0

These can differ slightly in different solvents. The shift refers to the proton environment that is indicated in

bold letters in the formula.

Type of proton Chemical shift (ppm)
R-CH, METHYL 0.9-1.0%
R-CH,-R SRAGHT 13-1.84
RCH=€H-CH, D—ENE 1.6-1.9
Rs~CH CLANCHED 1.5
- SeconorA
//O EsEd //O AVOe
CH;— c\ or CH3—C\ ‘ 2.0
OR NHR
R CH
Ned
ﬁ %f@{\/é 2.1-2.7
0 (2-ove)
R-CH, X(X=F.CLBrorl) ] HALO— 3.0-4.5
5R-CH,-OH, R,~CH-O ;‘g‘jg’:’;ﬂ 33-4.5
0
R_L ¢ \/ SEOVOAET 32
NHCH,R AME
R—O—CH; or R—O—CH,R gegey Y
‘|)| PHEMC
0—C—CH, EMAVOATE 23
MmoLew e
/° ,
R—C Wg_ 3.7-4.8
OCH,R
R-O-H  AWAUS A ' 1-6
M Alorot (varies considerably under different conditions)
7
RENH, ;fme 1-5
RHC — CHR A-enNg 4.5-7.0%
OH PHEN DL 4.0-12.0 @
olek ‘
Joldec HYeE guatdl ... paliflec
Z 3 4 n
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Type of proton Chemical shift (ppm)
— X
@—H Benzenve 6.9-9.0
//O SeaNOAM
R—C AME 8.1
NHCH,R
1//0
R—C_ Aeruoe 9.4-10.0%
H
- ) 5
R—C< CARLAUC Auf) 9.0-13.0
O—He  pupys A SINGLET

ALWAYS SOWERLE W  WATER

NO, ~ CH, 0007 ¢+ Nt NS
X~ (uee o swee, werved 4 o0 shcw)

SO (ewerr e gpoum, crcm 4 (ero sAc)

NEVER SOLUBLE N WATER
et (excert «  Na* ,\/W\
(O} (exeert ¢ wt wi)
00, (ewerr ¥ wia*)

OH™ (@xceef ANVl Nm*)

—

TURN OVER
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17. 2-amino acids (a-amino acids)

The table below provides simplified structures to enable the drawing of zwitterions, the identification of
products of protein hydrolysis and the drawing of structures involving condensation polymerisation of amino
acid monomers.

Name Symbol Structure

alanine Ala P,
H,N— CH——COOH

arginine Arg
H,N— CH—COOH

asparagine Asn o Ammge  olovfd

: LIS ALAL
CHf—=C——NH,: NotT ¢AsiC

H2N~CH—-COC;H '''''

aspartic acid Asp #8H,—— COOH
H,N— CH——COOH

cysteine Cys m SULTUR -CONTAWNG
H,N—CH——COOH

glutamic acid Glu CH;—— CH;— COOH /
H,N——CH——COOH

glutamine Gln Yo - AMe fof

: LS oAl
CH— CHZ—'«‘—C—NHZ‘ © nov BASIC

H,N— CH——COOH L

glycine Gly H,N— CH,— COOH

histidine His
H,N— CH——COOH

isoleucine lle Pl 6 et 9 - P 615 8
H,N— CH——COOH
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Name Symbol Structure
leucine Leu C—Cli=—=(JsL
CH,
H,N— CH—COOH
lysine Lys
H,N—CH——COOH
methionine Met Ol Clil—=—=Cl%
H,N—CH——COOH
henylalanine Phe
e o0
H,N— CH——COOH
proline Pro COOH
HN
serine Ser CH,— OH
H,N— CH——COOH
threonine Thr CH— CH— OH
H,N—CH——COOH
tryptophan Trp HN & CovSWERED
\ NON-PoLAL
CH, 0esexTe
THe M|
H,N— CH——COOH
tyrosine Tyr A %
C‘H2 - —OH
H)N—CH——COOH
valine Val

CH— CH—CH,

H,N— CH——COOH

END OF DATA BOOK



