"0T0Z 3SNBNY 'T edp UOISIA - "0TOZ @ "9DIAPE pajieIap patayjo
oym s|enpiaipul Auew ay3 0} syuey| dwweiboid |NILS IH Y3
pue ‘ewbis ‘243UsD) SIDUDIDG [BIISAUL MM Y3 YIOMIBN YO 79 SIe1s
‘syje|n Awapedy uoizeonpg 4aybiH 2yl YHm uoi3ounfuod ul paonpoid

=2
U g Tp = %H :uonejou 1oNpoig
u
. =2 .
Gt P+ &+ g+ T suesw 2 177 rojdwex]
=2
€T 4 ¢x + Tx sueaw wcz 2oue3sul

3
JOJ '0G U O3 T W04 SIN|BA J3GUINU S|OYM || S3¥el 2 1Byl 910N
=2

’xz U9ILM SI “Z " * 4 x + TT wns ay3

u
‘WYl ppe pue ‘YT 'Ex 'Ix 'SIN|BA U SABY OM }| "UOIYIPPE 21e
-IA21qqe 03 pasn sI ‘X ‘ewbis 49139] Y2310 3y :uoljejou ewbig

q 01 |enba Jo ueyl ss9| SI D suesw ¢ S D
q 03 |enba Jo uey3 Jo3ea4b S v suesw q £

Q UBey} SS9| SI D sueaw @ > D
q ueyy Ja1ealb sI v sueaw @ < D :saipjenbau|
orur

= x 01807
U]
‘Aljesnnads ZZ;Z{ = 2 "S01 :aseq jo sbueyd Joj ejnuiio4
T=q%o  ‘o=1%o0p  ‘,y"8o[=y ‘o[ u

L agor — g 950; — y950; ‘g "oy = g "Fo + v Soy
‘T # q yum ‘q aseq aAisod Aue Joy :swiyjiebo jo smeT
“f1IAIIDR Ul WniuoipAy = +O%Hp
aseym +OHp 01301 — = [d ‘Ajusjeainby . _wpow | = _2

€
pue ._Wp oW Ul UOIeIIUSOUOD UOl UsBoIpAY = [, H] a4oym

o25a-0T=[ H] os (,2/[,H])°"8o[— =Hd
‘Ao1seq Jo Ajipioe s saansesw uoiin|os e jo :Hd
,0T = ¥ suesw 2 = 7 °'8o[ :0T oseq 01 swyieho
V=02u  0<V H V=,
2910\ '}/ |enba 03 pasied 9q 03 dABY P|NOM 3
yolym o3 Jamod sy3 si ‘7 Jeaquinu e jo wyiLebo| |einjeu ay3 ‘o

€

'@ = sueaw o =y uf Jo 7 °30]
81/ ¢ APlewixoidde si yoiym juels
-uo0d |eiuaUOdxa 2y3 Joj SpUBIS 3 49113| AY | ‘swyiLieboj jeinjeu
pa||ed a.e uf AjaAlleulal|e uo “Sof pajousp ‘o dseq 03 SwiyLebo
"=V sueaw 2= ‘Sof
(T # 9 yum) q aseq aaiisod Aue o) :swyjebo]
wD

D %:uhn T:mJ) T=,0

w(®) =

u
w

D
u

n=_(,P) D= — D= D D
UL u\u U—u o) ’U/+Ul/ U U

~

W1u? = (9P

1S92IpU| JO sme]

g
—— =T WY1 =2+ 29+ _xv JI
oy zQ‘ Fq yi o q z Ell

q q :uonenba snjeipenb e Buinjos 10y ejnuLioq
5:9(5) Pa+2q+pv +ov = (p+2)(9+ )
o —qo = (2—q)p D +qv = (94 q)p

:s39ydelq Buinowny

eaqab|y

Graphs of common functions
The straight line: y = mx + c.
m=gradient (slope), ¢ = vertical intercept.

Exponential and log functions:
e ~ 2.718 is the exponential constant.

Graphof y =e” andy=e™ "
showing exponential growth/ deca

Quadratic functions: y = az? 4 bz + ¢

(1) PN

if a is positive

if a is negative

()
N<bR2e/ T (3)
(1) b*—4ac<0 (1) b —4ac>0
(2) v —4ac=0 (2) b*—4dac=0
(3) b —4ac>0 (3) b*—4ac<0
Statistics

Population values, or parameters, are denoted by Greek letters.
Population mean = p. Population variance = 2. Population
standard deviation = o. Sample values, or estimates, are denoted
by roman letters.

The mean of a sample of n observations x1, x2,...T, is

n
. DT T4 T4+ T

n n
The sample mean Z is an unbiased estimate of the population
mean p. The unbiased estimate of the variance of these n sample
Z:L:1 (wi — f)z

n—1

n

2 1 2 ’I’Li’2
s 7n—12;xZ n—1

i=

. . 2 . .
observations is s = which can be written as

The sample unbiased estimate of standard deviation, s, is the

iz (i —T)?
n—1
deviation of the sample mean is called the standard error of the

mean and is equal to % and is often estimated by ﬁ

square root of the variance: s = . The standard

yGraph of y=Inz and y = log,, =

43799 D&PS Jan11

0L0¢ aiusdyyew ©
HN0R"/USOYIRU MMM

'sased [e1oads ul 3dedxe Y # gV eyl Jaquiswiay

op+hio gp+oo\ _ (o g\ (p °
0Q+Aip gg+op ) \L © qQ v
sedLleW ¢ X g Joj iuonedijdinu xujep
"0 # 29 — p 1eyy papirod

D 29—\ 99Q—pD p 2
= uo =
<q_ P ) I -V usyl (q D) V3

IXUJBW g X ¢ € JO 9SidAUl B |

(459} €n
zep  1Tp

€D
€Tn (44s)

€€ €n
€Tn 1Zp

€Ip + zip — 1Ip — |V|

€€p  TE€p €D

jueuiwJialap sey €p Tep 1Ty =V Xulew ¢ X ¢ 9y |
€Ip cip Iip

P 2

qQ D
p 2

q o =} XuUlew g X g 9y

SJUBUIWIR}D(] PUE SIDLIIEIN

=yl

3q7p’0:‘

JueUIWIRIRp Sey (

‘saue|d builda|yal 2yl
pue weaq JuapIoul 3y} usamiaq a|bue ay3 si ‘s|bue bbeag ayi ‘g
pue ‘(Jaquinu sjoym) Jabaiul ue si u ‘pede p sduelsip e saue|d
Ym 22113e| |[e1SAID B UO JUSpPIDUI SABJ-X 9Y3 JO yibusjpnem =

puIspg = Yu
‘AydeabojjeisAio Aea-x Jo me| [eluswepuny e :meq s,bbeig
C < C
= uey == S00 — = urs
€N =509 [~ 09 h 09
gN . T
= = uey — = S0D = = urs
I -0€ gn -0€ I -0€
1= ,Gpue) % = Gl S0 % = Gpurs
&r 1
08 oS7
T
1] .09 z [

:s9|bueny paepueig
@ =t

) Beuak D 01 3usdelpe apis e
:wia103Yy3 sesobeyifd 4~ g o3y owsoddo apis o uel
Jusoelpe 5) asnu210dAy
- = ———————————— = (S0O
D g 03 Juadelpe apis
o
e
"é; 2 asnuajodAy _ puss
3 P pr—— I

qQ - @ 01 ausoddo apis
:p 9|bue ande ue 1oy sones by

L
‘)G ~ saa4bap —— = uelped
6'LSG p 081 ped T

08T _ 09¢

suelpes == = JL_Z = T ‘suelpes 1z = 09¢
:sueipes pue saai1baQg
K1rowouobua |
Differentiation

Differentiating a function, y = f(x), we obtain its derivative g—g.
This new function tells us the gradient (slope) of the original
function at any point. When 22 = 0 the gradient is zero.

dx
y = f(x) = f(x)
k, constant 0 YA
T 1
22 2x
2", constant n  nz" !
sin(kx) k cos(kx)
cos(kx) —ksin(kx)
e® e® minimum point
ekac keka: :1‘

Inkz = log kx =

The linearity rules:

d _du dv d df

g @) Fv(@)) = o+ ok x f@) =k x 5=
for k constant.

The product and quotient rules:

d  dv | du d (uy v —ufd
dx(uv)iudac—‘rvdx dz (v)i v?
The chain rule:
If y = y(u) where u = u(z) then 9% = 9% x du,

[oW)
N

df

Higher derivatives: f"(x), or —J; means differentiate =
x x

2
with respect to . That is, % = ((1175 <%)

Partial derivatives: If f = f(z,y) is a function of two (or more)
independent variables, % means differentiate f with respect to

x treating y as if it were a constant. g—£ means differentiate f

with respect to y treating x as if it were a constant.

Integration
f(x) [ f(@)da

k, constant kx +c¢
T z—; +c
x? “”—33 +c
n+1
a", (n#-1) Tg+c
x 1 Inz+corlndz

e” et + ¢

ek % +c

sin kx —Lecoskx +c¢
cos kx % sin ka +c

The linearity rule:

/(af(a:) + bg(z))dz = a/f(x) dz+b [g(x)dx, (a,bconstant)

b b
Integration by parts: / ud—vdx = [uv]® f/ d—uv dz.
. dz @ o dz
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Mixtures
Raoult’s law: states that the partial vapour pressure, p4, in a
liquid mixture, A, is proportional to its mole fraction, x4, and
its vapour pressure when pure, p’: DA = TADA.
Henry’s law: states that the vapour pressure, pg, of a volatile
solute, B, is proportional to its mole fraction, g, in a solution:
pe = xpKp. Here Kp is Henry's law constant.
Chemical potential of a solvent:
pa=pa+RT Inxa
where % = chemical potential of pure A and x4 is the mole
fraction.
Properties of mixtures: suppose an amount n4 of substance
A is mixed with np of substance B. The total volume of the
mixture is
V=naVma+nsVns

where Vi, .4 = partial molar volume of A and V;,,,p = partial
molar volume of B. More generally, V = Znivm,i, where

Vim,i is the partial molar volume of the ith sul;stance.

Total Gibbs energy for the mixture is G = na Ga + np Gp
where G4 and G g are the partial molar Gibbs energies of sub-
stances A and B respectively. The partial molar Gibbs energies
are also denoted pa and pp sothat G = na pa+np pup. More
generally, with mixtures of several substances G = Z M i -

2

Reaction Thermodynamics
Standard state: The standard state of a substance is the pure
substance at a pressure of 1 bar. The standard state value is
denoted by the superscript symbol <, as in G°.

Reaction Gibbs energy: AG = i—? is the slope of the

graph of Gibbs energy against the progress of the reaction.
Here, A¢ = Any /vy for all species J in the reaction. Reaction
Gibbs energy at any composition of the reaction mixture can
be written

A.G=A,G°+RTInQ  where Q=]]ay

J

where aj is the activity of species J and v; is its stoichiometric
number.
At equilibrium Q@ = K, A.G = 0 and —A,.G° = RTInK
where

K= H (af]]‘])equilibrium

J
d AH®
ar K= TR

(K2 _ _AH" L 1
K, R . T

o080

van’t Hoff equation:
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Vectors

If r = zi+ yj+ zk then |r| = /22 + y2 + 22.

Scalar product:

a-b = |a||b|cosf 5
a

If a=aii+ asj+ ask and b = byi + baj + bsk then
a-b =aibi + a2b2 + asbs

Vector product:

o>
g

ax b=]|a||b|sinfé 5
a

€ is a unit vector perpendicular to the plane containing a and

b in a sense defined by the right hand screw rule.

Ifa= a1i+a2j + ask and b = bii +sz + bsk then

axb = (0,2[)3 — (Lgbz)i + ((1,3()1 — (1,1b3)j + ((J,1b2 — (I,zb1)k
i j k
= ar a2 as
by b2 b3
Kinetics

Arrhenius equation: The rate at which most chemical reac-
tions proceed depends upon the temperature. The amount of
energy necessary for the reaction to take place at all is called
the activation energy. These quantities are related by the

Arrhenius equation: ;. _ 4 ,~Fa/(RT)

where k = rate constant, F,, = the activation energy for the
reaction, R = ideal gas constant, 7' = absolute temperature,
and A is a constant.
By taking logarithms this can be expressed as

I ko ! A E,

"ge T ke TRT
where k° is a chosen standard rate constant. Together, A and
E, are called the Arrhenius parameters.

Rate Laws
In the table, [A] = molar concentration of reactant A at time
t. [A]o = concentration of reactant A at time ¢ = 0.
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The Greek alphabet

A «o alpha I ¢+ ota P p rho

B [ beta K k kappa ¥ o sigma

' v gamma A X lambda T 7 tau

A 6 delta M p mu T v upsilon
E € epsion N v nu ® ¢ phi

Z ( zeta = ¢ x X x chi

H n eta O o omicron ¥ ¢ psi

© 6 theta I = pi Q w omega

Physical constants

Avogadro constant Na = 6.022 x 102 mol T
Boltzmann constant kp =1.381 x 10722 JK!
Planck constant h=6.626 x 1073* Js
Elementary charge e=1.602x1071°C

Ideal gas constant R =28.314JK 'mol™!
Vacuum permittivity €0 =28.854x10712)71C?m~!
Speed of light (vacuum) | ¢ =2.998 x 10° ms™*

Order Rate Law Rate Law Half-life Common
Differential form Integrated form unit of k
0 Al = & [Alo — [A] = kt 4o mol dm~3s™!
1 A4 = —g[A] [A] = [AJoe™** ln2 st
5 % = —k[A]? ﬁ _ ﬁ =kt k[i‘]o mol~tdm3s!
2| U = —k[AB] | gt o BlER - mol~tdm? s~
=kt

(* A+ B — P reaction.)
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Faraday constant F =eNa = 96.485 kC mol™!
General Thermodynamics
First Law: For a closed system, AU = g+ w. Here AU is the
change in internal energy of a system, w is the work done on
the system, and q is the heat energy transferred to the system.
Enthalpy: H = U+pV where U = internal energy, p=pressure

and V' = volume.
Heat capacity at constant volume: Cy = (g—T)V
_ (0H
Co = (37),

Heat capacity at constant pressure:
In general C}, depends upon T'. Values of C),, at temperatures
not much different from room temperature can be estimated
from c
Cp=a+bT+ T2
where a, b and ¢ are experimentally determined constants.
Second Law of thermodynamics:
During a spontaneous change, the total entropy of an isolated
system and its surroundings increases: AS > 0. For a reversible
process, at constant temperature, T', change in entropy

Qrev
AS = Trev
s T

where grov = energy reversibly transferred as heat.
Boltzmann formula: S = kgInW where W = ‘weight’ of
the most probable configuration of the system and kg is the
Boltzmann constant.
Helmholtz energy: A=U —-TS.
Gibbs energy: G=H - TS.
Change in Gibbs energy: AG = AH — TAS (at constant
temperature).
Entropy change for isothermal expansion of an ideal gas:
AS =nRIn (M>
initial
where Vinal and Vinitial are the final and initial volumes.

. . (0 [AG _ _AH
Gibbs-Helmholtz equation: (8—T (T))p =-72-



