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2. Electrochemical series AL OF THESE HALF EQUATIOVS  Skow eeductions

Reaction Standard electrode potential £ STANDACO
Siloneest OX\OANTS + ¢~ = REQUCTAMNTS (E in volts at 25 °C oM TTIONS
OKOANMT o Fa(g) + 2= = 2F(ag) +2.87

N\(\ 04/ H,0,(aq) + 2H"(aq) + 2¢~ == 2H,0(l)" +1.77 |

Au*(ag)+e = Au(s) +1.68

02072/ Cly(g) + 2¢~ = 2CI(aq) Fsé 'égvfig %’FS afscevﬁéfw fvb@
= | Oy(g)+ 4H"(aq) + 4= = 2H;0(1) t+1.23) S CTANOAD  (OND ONS

@ Bry(I) + 2¢- = 2Br(aq)’ 109

g Agflaq) te= = Ag(s) +0.80

F Fe¥'(aq) +e= = Fe?'(aq) +0.77

% O,(g) + 2H*(aq) + 2¢- = H,0,(aq) +0.68

. L(s)+2¢~ = 2I(aq) ' +0.54

? O,(g) + 2H,0(1) + 4e~ = 40OH (aq) +0.40

“g Cu?*(aq) +2¢~ = Cu(s) +0.34

3{3 Sn**(aq) + 2 = Sn*'(aq) +0.15

Y S(s) + 2H"(aq) + 2~ = H,S(g) +0.14 ST’;;[\TW

T X Hag 2o = Hy@ 0.00 ¥\ w400 EN |

= Pb2*(aq) + 2¢ = Pb(s) ~0.13 EL&TTZ&OEJ

% Sn?*(aq) + 2~ = Sn(s) —0.14

% Ni’*(aq) +2¢- = Ni(s) -0.25 Ol A SPor/TANERS

W Co**(aq) +2¢~ = Co(s) —0.28 letcaoN T OB

B Cd?*(aq) + 2¢= = 'Cd(s) ~0.40 cetvenons

% Fe2*(aq) + 2¢ = &) ~0.44 S

3 Zn**(aq) + 2¢= = Zn(s) -0.76 é%/%%ul(::j
t 2H,0(]) + 2e~ = Hy(g) + 20H (aq)’ —0.83

Q9 Mn?*(aq) + 2 = Mn(s) -1.18

% z AP*(aq) +3e- = Al(s) ~1.66

% g Mg**(aq) +2¢~ = Mg(s) -2.37

&54 S\ [ Na'ag+e” = Na@®) 271

) Ca2'(aq) +2¢- = Ca(s) -2.87

&7\ (é Kf(aq) + e = K(s) -2.93

% % Li'(aq) +e = Li(s) - —3.04

N [sceavcess | _ [Morr geActve

ReuaANT |7 MERL
AV TG st
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3. Chemical relationships
Name Formula
m V
number of moles of a substance n=—; n=cV; n=—
M m
universal gas equation pV =nRT

oné VIt
calibration factor (CF) for bomb calorimetry| €&/ \5CF = — :
not 2 ATC Dy T A00 272 T© AT®

heat energy released in the combustion of a fuel (3’/ = chZ-‘% 7 (ovvéer T To I
) \ HefEe RY - (ocoe

enthalpy of combustion AH == W CALCULATIONS
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 __ficipilgielt, 00
0 y1c 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 J mol~' K™
molar volume of an ideal gas at SLC Vi 24.8 L mol™!
(25 °C and 100 kPa)
specific heat capacity of water c AR or 4.18 J g K
density of water at 25 °C d 997 kg m= or 0.997 g mL™"! A

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) lTdm3or1x103m3or1x10°cmiorlx 103 mL =F 46(7\7 Hza @ 25

6. Metric (including SI) prefixes

Metric Scientific notation | Multiplying factor & FolMULAE
(including ST) |\N CALCu LamaNS,
prefixes Reppce Heses
s g K= - +]
giga (G) £ — 1092 1 000 000 000 \ﬂ - ?7\0 B’(
mega (M) 106 1 000 000 (:(,(‘('j O _ (H
kilo (k) 10° 1000 = |
deci (d) 107! 0.1
OMLY TRVE
centi (€)' e 0.01 EO(,(’] W AQUES
milli () 1073 0.001 . ”‘ifg‘\i‘z e
micro (i) 10°° 0.000001 [:b(/( '] = ‘@
nano (1) 107 0.000000001 [{/( {'3
: =1
pico (p) 10 0.000000000001 i . W AT
f - HZO SoLUTIOV

7. Acid-base indicators

Name pH range Colour change from W @ﬁ/@_f WAREE
lower pH to higher pH in range [«{J = COH ']

thymol blue (1st change) 1.2-2.8 red — yellow EVEN (€ THE (IH
methyl orange 3.1-4.4 red — yellow (VA
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 — pink




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

Formula Representation
molecular formula C4H807
structural formula HHH o Nou MUST
| 1 1 7
e ed  0AW AL
TNy Aoms %
H H ==
AL GonDOS -
semi-structural (condensed) formula OH,CH,CH,CO0H or €H;(€H,),000H
skeletal structure CobVERS & ENOS
wrﬂ—(of A I
/\)l\ / CA“DN A@M“ .

> AL VTAW  ABoxq &lou

9. Formulas of some fatty acids——> AL Ale  Sop AT 2S5

74
No —H

4

/JZ(O)U /\:\r‘f; __@ Formula Nc—.c\ Semi-structural formula

WO(Z% “feg”| lauric cid €1 Ha3CO0H () | CH4(CH,);(COOH

T THESEY] myristic aud C3H35CO0H (D | CH;(CH,);,COOH
palmitic acd | @5HEICOOH () | CHy(CH,),,COOH
palmitoleicacd | (CjsHgCOOH ( CH;(CH,),CH,CH=CHCH, (CH,)sCH,COOH
stearic acd |C7H3:COOH () | CH4(CH,);,COOH
oleic add (G7H53CO0H ( CH;(CH,);CH=CH(CH,),COOH
linoleic acd €,7H5jCOOH 7| CH;(CH,),(CH=CHCH,),(CH,);COOH
linolenic acid | €j7H5§COOH 2| CH,CH,(CH=CHCH,);(CH,);COOH
arachidic agd | |CgHEICOOH (’ | CH;(CH,),;CH,COOH
arachidonic ggd | €gHEJCOOH ) 4| CH;(CH,),(CH=CHCH,);CH=CH(CH,);COOH
T w0 Nlc) W A AT ACD TAL, L€

N(cc)

(@) Klpone e s COH

N(e=c) =

q- 22 3‘ \

=

A

TURN OVER
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10. Formulas of some biomolecules

g
‘ H,C. _CH, CH
H,C. & CH cp. 3N R \2_CH,
cH Qe N CH "G i
CH, T en CH; “cH,
CH SR
CH CH

CH, CH,

HO

vitamin D, (ergocalciferol)é&- NoT  siuctu@ac Soméls — vitamin Dj (cholecalciferol)

HO

e — —

D A @ i
Y AN H
I Q ‘
/ H—T—OH
HO._ o H—(’3—0H

CH

\ H—C—OH
CH,
HO H
vitamin C (ascorbic acid) glycerol
MONOSACLHALIES |
— CH,0H CH,OH
2
M = 130 OH OH
HO OH HO CH,OH
OH OH
a-glucose B-fructose (HAS €WE S (065)

I oUs QUENG A (ou0eNsATON
2

?g © E’(HEH &1o510C UNK CHonO
(V2 CH
M( = _

&l EEACTON
H,OH
e\ushg tho oS kg O\O i OH
a  rredmdc HO 61

HO

CH,OH st

OH OH

OH
sucrose a-lactose
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PHEMUALAMIVE
..@ESSPU.*?Z.: S EEVTAN D AW fonS THEOUEH
AKPAeTic  AMOE SQUME RUAKETS  (KE THS

ACL) (esoue OFO 5

Ao - CH,OH
-
" HO
' CH,OH
“n
- aspartame S0 @ Be AV H o cellulose
ON GEMLALANIVE AS
#eT o A (AMortC .
CH,OH o
; BRANCHED
% /\0H e MOLE SoWdE \W WATER
6] % =
OH| GWMloso * CANT G HUQEoL«SED
0 /Lwa WITH  AMIULASE  COWILEELL .
CH,OH CH, CH,OH
(0]
3 — \ /7
\ ()‘[
OH

amylopectin (starch)

CH,OH " CH,OH | CH,0H STRAL LHA

0 0 e LESS SowlLe
. ) W WATER
\ OH OH y
d ?& e (AMV QE HYUOLoUSED
i OH

OH WTH AMILASE

Glucosiol

amylose (starch) Unvks

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)#gvith 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.
VELY UfeF(‘/b W0

Fuel Formula Statel Heat of combustion Molar heat of combustion
&I g™ (kJ mol™1)
hydrogen H, gas 141 282
methane CHy gas 55.6 890
ethane C,Hg gas 51.9 1560
propane C5Hg gas 50.5 2220
butane C,Hyp gas 49.7 2880
octane CgHig liquid 47.9 5460
ethyne (acetylene) C,H, gas 49.9 1300
methanol CH;OH 1 liquid 22.7 726
ethanol C,H;OH “;liquid 29.6 1360

NOTHING  AQUEOUS comBoSTs  (Accoryuve 7o 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 GA(,A/V(;@ GNSTon  BRUATIoNS”
ALl Mixtvles (kJ g
Hli’éros‘glseﬁc & liquid 46.2 Cr H ! O
diesel V] tiquia 45.0 HAwe ¢ opwervt elhctods
> 5
natural gas d gas 54.0 HE @66/__3/\’/1/‘/6:___/_/‘&50 ! @ 2%_ s

13. Energy content of food groups

—_— "

Food Heat of combustion 9\6€§’(6© gy (6&/2‘![\/165\
(kJ g™
fats and oils 37 SVMAWL  (VTESTIIVE \ PANCREATIC  LIPASE
L STOMACH VECSN
protein 17 SMALL + LARE WT.  |qeupin, ew.
carbohydrate 16 ssmA (S":foﬁ’l ve. | AVNILASE -
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14. Characteristic ranges for infra-red absorption
Bond Wave number Bond Wave number
(em™) (em™)
il | C—Cl (chl lkanes) 600-800 C=0 (ketones) 1680-1850
—ClI (chloroalkanes — = es -

LT L
Q@é(of\/ C-0 (alcohols, esters, ethers) 1050-1410 C=0 (esters) 1720-1840
-~ Rt C=C (alkenes) 1620-1680 C—H (alkanes, alkenes, arenes) 2850-3090
ab ey

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

15. 13C NMR data L W & \\/

R €l
Typical 13C shift values relative to TMS =0 WAVENUMIEE SyPuSELEASR R EVEREY

These can differ slightly in different solvents.

—1—>TREEYT o SILATING (N SC AmMR
Type of carbon Chemical shift (ppm)
R—CHj METHYL 8-25
R-CH,-R  STRA(LHT 20-45
R3—CH CLANCHED 40-60
R,-C ogéj,g;%:«eo 36-45
R-CH,X A-HAlo— 15-80
RyC-NH,. R;C-NEAMWE 35-70
R-CH,-OH wgz 50-90
RC=CR  ALKWE 75-95
R,C=CR, AW¥ENE 110-150
RCOOH  CAyL 160-185
24
R 165-175
_C=0 ESTEL

RO
R ~ 190-200
=0 AEHYIE
R,C=0 eonve 205-220

TURN OVER
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16. '"H 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 STRALHT 1.3-1.8
RCH=€H-CH, )—ENE 1.6-1.9
Rs—CH CeANCHED 1.5
; - SeconoptH
//O gsted //O AVOe
CH, = C or  CH,—C . 2.0
N AN
OR NHR
R CH,
o 1
(’:I Kéfwe 2.1-2.7
0 (z2-ove)
R-CHX(X=F,ClLBrorl) 1 _HALO— 3.0-4.5
7]
(’gﬁit 5R-CH,~OH, R,-CH-O ;"ffg’:f,‘z') 33-45
;/o
R C SEcov oAt 32
NHCH,R AMIE
R—O—CH; or R—O—CH,R 3337
ﬁ v
O—C—CH; EWAVOATT 2.3
moLew e
R———C//O 3.7-4.8°
< &Tel 2
OCH,R
R-O-H  AWAYS A 1-6
M A(‘/WOL (varies considerably under different conditions)
AP
R<NH, 2{3/\%6 1-5
RHC — CHR A-eNE 4.5-7.0%
OH PHENDL 4.0-120 @

s \ok M% _‘{IEQ[_@_% _%‘A:,N/%

\

Z 3

MMLHE(@Q
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Type of proton Chemical shift (ppm)
b=}
@H (Senenve 6.9-9.0
P SELoNOMM
R—-C AME 8.1
NHCH,R
1//0
R—_ ADeru e 9.4-10.0%
H
- o
rl & CARLAUL Aa) 9.0-13.0
\O—H@Auwwr A SINGLeT

ALWAYS SOWEBLE W  WATER

NO,~ CH,C007 ¢\ NS
X~ (exerr b swer, weroed & R0 shcw)

504_2’ (6)((6?4’ ot E_A@(UM, Ccﬁ(,aU/V\ 4 (:,EAO SALTY)

NEVER SOLUBLE N WATER
S (ewert v N )
Lo (excees ¥ na* wH)
00, (ewerr € Nt i)

OH™ (@xca’f AV N&*)

e

TURN OVER
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17. 2-amino acids (e~amino acids)

NoN- ol AL
PoLAe-

& Ac0

B 2asic

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 CH
H,N— CH——COOH

arginine Arg
H,N— CH——COOH

asparagine Asn ‘m AMmge  oltovf

: LS OLAL
CHy=C——NH,: NoT @ASsiC

HZN—CH—COO-H ----

aspartic acid Asp GH;——COOH
H,N—CH——COOH

cysteine Cys SULTUR -CoNTAWING
H,N—CH——COOH

glutamic acid Glu G s CH e GO0/
H,N—— CH——COOH

glutamine Gln Y AMOe Eof

y LIS PoLAL
CHY— CH——C——NH, | noT BASIC

H,N— CH——COOH o

glycine Gly H,N— CH,— COOH

histidine His
H,N— CH——COOH

isoleucine Ile

CHy— CH—— CH;— CH,

H,N— CH——COOH
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Name Symbol Structure

leucine Leu Gl GH CH;

CH,

H,N— CH—— COOH

lysine Lys

—— Ol (Clal—— 2

H,N— CH——COOH

methionine Met CH;/— CH;— S— CH,4

H,N— CH——COOH

phenylalanine Phe THZ ii:

H,N—CH——COOH

proline Pro COOH

serine Ser CH;— OH

H,N— CH——COOH

threonine Thr EiE= CH—OH

H,N— CH——COOH

tryptophan Trp HN & (OMSWERED
NON-PotAL

CH, \ VESPTT 6
. THe VH

H,N— CH——COOH

tyrosine Tyr ‘ b
(I:H2 : OH

H,N— CH——COOH

valine Val CH; CH—CH,

H,N— CH——COOH

END OF DATA BOOK




