CAMBRIDGE
Yusuf Hamied
Department of Chemistry

Chemistry Examination Data Book
(revised April 2026)

Contents

Periodic table of the o |

Phyvsical constants and conversion factors

i%fggifrv representationd
t_for determining molecular point. groups

[ﬁ__%grmln

Parameters

or selected magnetic nuclei

[Nucleotide based

[DNA_codon tabld

N O O OO = WWWN -



Periodic table of the elements
H He
1 2
1.0080 4.0026
Li Be symbol B C N 0) F Ne
3 4 atomic number 5 6 7 8 9 10
6.94 9.0122 abridged standard atomic weight 10.81 12.011 | 14.007 | 15.999 | 18.998 | 20.180
Na Mg Al Si P S Cl Ar
11 12 13 14 15 16 17 18
22.990 | 24.305 26.982 | 28.085 | 30.974 32.06 35.45 39.95
K Ca Sc Ti A\ Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
39.098 | 40.078 | 44.956 | 47.867 | 50.942 | 51.996 | 54.938 | 55.845 | 58.933 | 58.693 | 63.546 65.38 69.723 | 72.630 | 74.922 | 78.971 | 79.904 | 83.798
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
85.468 87.62 88.906 | 91.224 | 92.906 95.95 [97} 101.07 | 102.91 | 106.42 | 107.87 | 112.41 | 114.82 | 118.71 | 121.76 | 127.60 | 126.90 | 131.29
Cs Ba La* Hf Ta W Re Os Ir Pt Au Hg T1 Pb Bi Po At Rn
55 56 57 72 73 74 75 76 7 78 79 80 81 82 83 84 85 86
132.91 | 137.33 | 138.91 | 178.49 | 180.95 | 183.84 | 186.21 | 190.23 | 192.22 | 195.08 | 196.97 | 200.59 | 204.38 207.2 208.98 [209] [210] [222}
Fr Ra | Act Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mec Lv Ts Og
87 88 89 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
[223] [226] [227] [267] [268] [269] [270] [269] [277] [281] [282] [285] [286] [290] [290] [293] [294] [294]
Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yhb Lu
*Lanthanides 58 59 60 63 64 65
140.12 | 140.91 | 144.24 [145] 150.36 | 151.96 | 157.25 | 158.93 | 162.50 | 164.93 | 167.26 | 168.93 | 173.05 | 174.97
Th Pa U Np Pu Am | Cm Bk Cf Es Fm | Md No Lr
TActinides 90 91 92 95 96 97 100 101 102 103
232.04 | 231.04 | 238.03 [237] [244] [243] [247} [247] [251] [252} [257} [258] [259] [262}

Data from IUPAC Periodic Table of the Elements 2022 Edition https://iupac.org/wp-content/uploads/2022/05/IUPAC_Periodic_Table_150-04May22. jpg
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Name

Speed of light

Planck constant

Reduced Planck constant
Avogadro constant
Elementary charge

Electron mass

Atomic mass unit

Proton mass

Neutron mass

Faraday constant

Boltzmann constant

Molar gas constant

Vacuum magnetic permeability
Vacuum electric permittivity
Bohr magneton

Nuclear magneton
Stefan—Boltzmann constant
Bohr radius

Hartree energy

Fine-structure constant

Rydberg constant
Rydberg energy
Newtonian constant of gravitation

Electron g factor

Constants
Symbol and
definition

7

e

In 10 =1/log;, e
c

h

h=h/2n

Na

e

Me

u

mp

Mn

F = NAe

kg

R = Nakp

Ho

€0 = 1/(poc?)

up = eh/2me

pun = eh/2my,

o = 2m0k* /15h3¢2
agp = 47‘[50h2/mee2
Ey, = €2 /4neqag
a = e?/dmeghc

a1

Roo = meet /8e2h3c

heRoo = meet /8302

G
Ge~

Value
(Uncertainty)

3.14159265358979 . . .
2.718281828459 . . .
2.302585092994 . . .

2.99792458 x 103 ms™?
6.62607015 x 10734 J s
1.054571817---x 10734 Js
6.02214076 x 1023 mol !
1.602176634 x 10~1° C
9.1093837139(28) x 1073 kg
1.66053906892(52) x 10727 kg
1.67262192595(52) x 10~27 kg
1.67492750056(85) x 10727 kg
9.648533212 - - - x 10* C mol !
1.380649 x 10723 JK !
8.314462618 Jmol 1 K1
1.25663706127(20) x 10~6 N A2
8.8541878188(14) x 10~ 12 Fm™!
9.2740100657(29) x 10724 JT—!
5.0507837393(16) x 10727 JT~!
5.670374419 - - x 1078 Wm 2K 4
5.29177210544(82) x 10~ m
4.3597447222060(48) x 1078 J
7.2973525643(11) x 1073
137.035999177(21)
1.0973731568157(12) x 10" m™*
2.1798723611030(24) x 10718 J
6.67430(15) x 10~ m3 kg™t s~2
—2.00231930436092(36)

SI prefixes
Name Symbol Factor Name Symbol Factor
deca  da 10! deci d 107!
hecto h 102 centi ¢ 1072
kilo k 103 milli m 1073
mega M 108 micro 1 106
giga G 10? nano n 107°
tera T 1012 pico p 10-12
peta P 1015 femto f 10715
exa E 1018 atto a 10718
zetta 7 102 zepto  z 10-2
yotta Y 10%4 yocto y 10724
Other conversion factors
Length A 107 10m
Energy cal 4.184J
Pressure latm = 760 Torr 101325 Pa
1Torr = IlmmHg 133.3224 Pa
1bar 105 Pa
Radioactivity becquerel, Bq 157!
curie, Ci 3.7 x 10'°Bq
Charge esu 3.33564 x 10710 C
Dipole moment debye 10~ ¥ esucm
debye 3.33564 x 10730 Cm
a.l. = eqg 8.4783536198(13) x 1073 Cm
Temperature °C t/°C=T/K—-273.15
Parts per million ppm 1x10°°
Parts per billion  ppb 1x107?

CODATA recommended values, 2022 https://physics.nist.gov/cuu/Constants/index.html
The estimated standard uncertainty, in parentheses after the value, applies to the least significant digits of the value.


https://physics.nist.gov/cuu/Constants/index.html

Energy conversion factors

1J

1FEy

leV

1kJ mol™*
lem™

1K
1Hz

Note: the energy of a photon with reciprocal wavelength (wavenumber) 1/\ and frequency v

J

1
4.35974 x 10718
1.60218 x 1071
1.66054 x 10~2!
1.98645 x 107
1.38065 x 10~%
6.62607 x 10~

kJ mol ™!
6.0221 x 10%
2625.5
96.485

1
0.011963
8.3145 x 1073
3.9903 x 1013

cm™!

5.0341 x 10%
219475
8065.54
83.5935

1
0.69503
3.3356 x 10~

is hc/A = hv. The energy corresponding to a temperature 7" is kg7

Greek alphabet

A « alpha

B B beta

r vy gamma

A b delta

E ¢,€e epsilon

Z C zeta
Series

Arithmetic progression

Sp=a+(a+d)+(a+2d)+ -+ (a+[n—1]d) =

Geometric progression

S,=a+az+az>+ -+ az"

-1

H n eta N v
© 0,9 theta = &
I iota O o
K « kappa II =«
A A lambda P »p
M pu mu > 0,6

:al—z'

K
7.2430 x 10%
315775
11605
120.27
1.4388
1
4.7992 x 1071

nu T = tau
xi T v upsilon
omicron ® ¢,¢ phi
pi X x chi
rho v Y psi
sigma Q w omega
n(2a + [n — 1] d)
5 :
Seo = ©  When 2] < 1.




Power series

"CL ///a
1) = f@) + f@) =)+ T map 1 D oo
- 2228
e = +Z+§+§+"'
_ eiz_i_efiz 1 22 24 26
cosz—T_ —§+I_a+...
) eiz_eflz 23+Z5 Z7+
sin z = N R
21 31 51 7!
z+e—z 2 Z4 6
cosh z = 5 1 2!+E+§+
N L e—e 3 5 7
sinh z = 5 —Z+3'+E+7'+
— 1)(p—2
(1+Z>p_1+pz+p(p2‘ ) 2, D 3)'(p )5y o<1
2 3
ln(1+z):z—%+%—~-, 1z| < 1

Stirling’s formula

Inn! ~nlnn —n for large n



Determinants

a b

d = ad — be

In general,

det(A) = Z Ay M (=1 (i fixed at any value),

where M;; is the determinant of the matrix obtained by deleting the ith row and the jth column
of A. For example,

11 Q12 A13
A1 Qg2 Q23| = Q711
31 a3z A33

a2 a21 A2

aszy a3z

Q22 A23

3
—+ a3
Q32 A33

— a2
31 as3

= 11022033 — A11023032 + Q12023031 — Q12021033 + A13021A32 — A130A2203] -

Multinomial examples
Binomial theorem

(z+y)" = En: (Z) "My

k=0
where the binomial coefficents are given by

Trinomaial theorem

n n—=k

(21 + 29+ x3)" = Zk‘l'n— p— sy ry

k=0 1=0

Double factorial

The double factorial of n is the product of all positive integers up to n that have the same
parity.

ol — 1x3x5x...xn oddn
T )2x4x6x%x...xn evenn



Integrals

/OO e dp = \/mJa,  (a>0)

2?e™ " dz = (2n — 1!

(20)" (n>1; a>0)

/.
/Ooxznlax dx—(n_l)! (n>1; a>0)
J
[

2an
o0 |

e dx =

— (n>0; a>0)
an

— D)li(n — 1)

sin™ @ cos™ 9d9—(
(m + n)!!

x C,

where C' = 7t/2 if m and n are both even, and C' = 1 otherwise, e.g.:

/2 9 1 /2 1x1
/ sin 0 cos® 6 df = = —; / sin? 6 cos? 6 df = TT_ 1.
0 4x2 4 0 4x22 16

Integration by parts

b
d
/u—vdx—uv /—Uda:
dz
Trigonometrical formulae

sin(A + B) = sin Acos B =+ cos Asin B

cos(A + B) = cos Acos B F sin Asin B

2cos Acos B = cos(A + B) + cos(A — B)
2sin Asin B = cos(A — B) — cos(A + B)

2sin Acos B = sin(A + B) + sin(A — B)
sin2A + sin 2B = 2sin (A + B) cos (A — B)
sin2A — sin2B = 2cos (A + B)sin (A — B)
cos2A + cos2B = 2cos (A + B)cos (A — B)
cos2A — cos2B = —2sin (A + B)sin (A — B)

arsinh A = In (A + \/ﬁ)
arcosh A = In (A + M)

1+ A
1—-A

artanh A = % In

Cosine formula

a’> =b>+ % —2bccos A



Spherical polar coordinates

Relationship with Cartesian coordinates

r=rsinfcosp 1= /22+y?+ 22
y=rsinfsing 6 = arccos(z/r)

z=rcosb ¢ = arctan(y/x)

These definitions do not take into account
the quadrant of the position vector.

Integration

o0 i 27 T
/...dV:/ / / ... r*sinfdrdfde
r=0 J0=0 J ¢=0

Selected spherical harmonics, Y,

Violt.0) = 3/ %
Y10(0,0) = \/icose— \/gz

1 /3 LBty
Y, 2 et ging = =
121(0,0) = F35/ 5e™sind = Fo4 /o —

L/2 1 [5(3:2 =2
3/2,0(9;@:1\/;(300820—1):_ _g

4V r2

L /15 o 1 [15 (x +iy) 2
Yo41(0 ?5 27_[ sin 6 cosf = $§ e
1 /15 15 (z +iy)’
Y _ :|:21¢ 9 —
2 :l:2 4 27_[ sin _27-[—7»2

Angular momentum ladder operators

Jo=J,xid,;  Ju| S M) =J(J+1) —M(M£1)|J,M=£1)

Differentiation

Euler’s cyclic chain rule

(@).().3), -



[’Hopital’s rule

L f(z) = lim g(z) € {0, +oo}

1 7

z—a g(l’) r—a g/(l’) T—a
Gradient

_(0F 08 OFY

Vf_ (axa ay? 82) (CC,y,Z)

_(of 10f 1 Of LA
N (E’;%’Tsineﬁ_qﬂ ' (r,@,d))

Divergence
0A 0A 0A
A= Y z
v ox * oy * 0z
19, 1 a, . 1 94,
o r28rr At rsin089A981n0+ rsinf 0¢
Clurl
0A 0A, 0A 0A, 0A 0A
A= : 9y G8x T8 Ofy Tl (50 5
VX <8y 0z 0z Ox’ Ox oy ) (@.9.2)
_ 1 QA : g_% 1 1 aAT—
= \rsing \gg ™" d¢ ) r \sin@ 0¢
(7.6.)
Laplacian
2f 0 f  O*f
2
vf_8x2+8y2+022

_ L0 (R0, L O g0, L O
Cr29r or r2sin 6 00 00 r2sin? § 02

1

67‘r

0*f




Character tables for some important symmetry groups

11 Ry Ry; R, 2% y%; 22wy vz yz
A, 1 -1 Ty 2

A’ 1 1 |y R, ahy*2hay
A 1 -1 z  Ra; Ry Tz Yz

Co E C3

A 1 z R, 22592 2% xy

B 1 -1 z;y Rz Ry T2, Yz

Coy E C; o oY

A, 1 1 1 1 z 22 y?: 22

A, 1 1 -1 -1 R, Ty

B1 1 -1 1 -1 r Ry Tz

Bs 1 -1 -1 1 y Ry Yz

Con E C3 i o™

A, 1 1 1 1 R, 25 y2; 2% xy

B, 1 -1 1 -1 Ry Ry TZYZ

A, 1 1 -1 -1 z

B 1 -1 -1 1 3y

Dy E C; Oy C3%

A 1 1 1 1 2292, 22

B, 1 1 -1 -1 z R, Yy

Bo 1 -1 1 -1 y Ry Tz

Bs 1 -1 -1 1 z Ry Yz

ng E 2S4 CQZ 205 20’d

A, 1 1 1 1 1 22 4 y?; 22
A, 1 1 1 -1 -1 R,

B1 1 - 1 1 -1 22 — g2
Bo 1 - 1 -1 1 z Ty

E 2 -2 0 0 (z,y) (Rs,Ry)  (zz,92)




Day E C; Cy C% 1 o™ g% oY*

A, 1 1 1 1 1 1 1 1 22 y?; 22

Big 1 1 -1 -1 1 1 -1 -1 R, Ty

Bog 1 -1 1 -1 1 -1 1 -1 R, xz

Bsg 1 -1 -1 1 1 -1 -1 1 R, Yz

A, 1 1 1 1 -1 -1 -1 -1

Biu 1 1 -1 -1 -1 -1 1 1 z

Bay 1 -1 1 -1 -1 1 -1 1

Bsy 1 -1 -1 1 -1 1 1 -1 x

Cs E C; C3 w = exp(2mi/3)

A 1 1 1 2 R, 2% +y? 22

B { 1 w W?| z—iy Ry— iRy zz—iyz; 2% 4 2izy — y?
1 w? ow r+iy Ry +iRy zz+iyz; 2% — 2izy — y?

Csy | E 20; 30,

A, 1 1 1 z 22 4 y?; 22

A, 11 -1 R,

E 2 -1 0 (z,y) (Ra,Ry) (z2,y2); (302 — 2, 2my)

Dy | E 20: 3C,

A, 1 1 1 R

Ao 1 1 -1 Z R,

E 2 -1 0 (z,y) (Re, Ry) (z2,y2); (x2 — 2, Qxy)

D3d FE 203 302 ) 256 30‘d

Alg 1 1 1 1 1 1 2% 4+ y?; 22
Ay | 1 -1 1 1 - R.

Eg 2 - 0o 2 -1 (Re, Ry)  (22,y2); (2 — y?, 2xy)
A 1 1 -1 -1 -

Aoy 1 -1 -1 -1 z

Ey 2 -1 0 -2 1 0 (z,y)

D3h E 203 302 Oh 253 30'v

Al 1 1 11 1 1 22 +y? 22
AL 1 11 1 R,

E’ 2 - 0 2 -1 0 (x,y) (22 — 42, 22y)
AY 1 1 -1 -1 -1

Al 1 1 -1 -1 1 P

E” 2 - 0 -2 1 (Rz, Ry) (xz,yz)
C4V E 204 Cz% 20‘V 20'(1

A, 1 1 1 1 1 z 2% 4+ y?; 22

Ay 1 1 1 -1 -1 R.

B, 1 -1 1 1 -1 2?2 — 2

B, 1 -1 1 -1 1 Ty

E 2 0 -2 0 0 (z,y) (Re,Ry) (xz,92)

Note: The oy planes in Cy, coincide with the zz and yz planes.

10



Dy | E 20, C? 20, 20,

A 1 1 1 1 1 2 4+ y?; 22
Ay 1 1 1 -1 -1 2 R,

B, | 1 -1 1 1 -1 22 — g2
B, | 1 -1 1 -1 1 2y

E 2 -1 -2 0 0 (z,y) (Rs,Ry)  (zz,92)

D4d E 258 204 253 CZ 402 40‘d

Ay 1 1 1 11 1 1 2?2 4+ y% 22
Ay 1 1 1 1 1 -1 -1 R,

B, 1 -1 1 -1 1 1 -1

Bo 1 -1 1 -1 1 -1 1 z

E, 2 V2 0 =2 -2 0 0 | (2,9

Es 2 0 -2 0 2 0 0 (x2 — 12, Qxy)
Es 2 V2 0 V2 -2 0 0 (Rz, Ry) (xz,yz)
D4h E 204 CZ 202 205 7 2S4 Oh 20’V 20’d

Alg 1 11 1 1 1 1 1 1 1 z? + y?; 22
Aoy 1 1 1 -1 -1 1 1 1 -1 -1 R,

Big 1 -1 1 1 -1 1 -1 1 1 -1 z? —y?
Bog 1 -1 1 -1 1 1 -1 1 -1 1 o
E, 2 0 -2 0 0 2 0 -2 0 0 (Rz,Ry)  (z2,y2)
Ay 1 11 1 1 -1 -1 -1 -1 -1

Agy 1 1 1 -1 -1 -1 -1 -1 1 1 z

By 1 -1 1 1 -1 -1 1 -1 -1 1

Bay 1 -1 1 -1 1 -1 1 -1 1 -1

E, 2 0 -2 0 0o -2 0 2 0 0 (z,y)

Note: The C5 axes in Dy, coincide with the  and y axes, and the oy planes with the zz and yz planes.

Note that the quantities ny = %(\/5 +1) satisfy ne? = 1+ 04 and nen_ = 1.

C5V E 205 20% 50’V n+ = %(\/gi 1)

Ay 1 1 1 1 z 2 +y? 22

A, 1 1 1 -1 R.

Ey 2 n--ny 0| (zy) (RaRy) (zz,yz)

Ep 2 —ny - 0 (2 —y?, 22y)

Ds E 2C5 2C% 50, ne =2(V5+1)

Ay 1 1 1 1 2 4+ y?; 22

A, 1 1 1 -1 2 R.

Ey 2 n--ny 0 | (z,y) (Re,Ry) (22,2)

Es 2 —ny = O (x2 -y, Qxy)

Dsq | E 2C5 2C% 5Cy i 253, 2810504 ne =2(V5£1)

Agg 1 1 1 1 1 1 1 1 22 4 y?; 22
Ao 1 1 1 -1 1 1 1 -1 R.

Eyg 2 n-—ny 0 2 np_—np O (Re, Ry) (z2,y2)
Eaq 2 —ny - 0 2 —npp om0 (2 — 42, 2ay)
A1y 1 1 1 1 -1 -1 -1 -1

Aoy 1 1 1 -1 -1 -1 -1 1 2

Eiy 2 n--ny 0 =2 —n- 0y 0 | (z,9)

Eau 2 =y n- 0 =2 np-n- 0

11



Ds, | E 2C5 2C% 5Cy o, 2S5 2832 50y ne =3(V5+1)

A 1 1 1 1 1 1 1 1 2% 4+ y?; 22
Al 1 1 1 -1 1 1 1 -1 R,

E 2 n--my 0 2 mo-ny 0 | (2,9)

) 2 —ny - 0 2 —npp om0 (2% — 42, 22y)
Al 1 1 1 1 -1 -1 -1 -1

Al 1 1 1 -1 -1 -1 -1 1 2

EY 2 n-—-ny+ 0 =2 —n_ ny 0 (Ra, 1y) (2, y2)
E3 2 -+ n- 0 =2 py-n- 0

Cev E 2Cs 202 C§ 30, 304

Ay 1 1 1 1 1 1 z 2% 4+ y?; 22

Ay 1 1 11 -1 -1 R,

B, 1 -1 1 -1 1 -1

Bo 1 -1 1 -1 -1 1

E; 2 1 -1 -2 0 0 (z,y) (Ra, Ry) (xz,y2)

E; 2 -1 -1 2 0 0 (22 — 42, 22y)

Dg | E 205 202 C2 30y 3C

Ay 1 1 1 1 1 22 4+ y?; 22

Ay 1 1 1 1 -1 -1 2 R.

B, 1 -1 1 -1 ~1

Bo 1 -1 1 -1 1 1

E; 2 1 -1 -2 0 0 (z,y) (Rg, Ry) (xz,yz)

E; 2 -1 -1 2 0 0 (2% — 92, 2zy)

D6h FE 206 2062 Cg’ 302 305 (3 253 256 Oh 30’d 30‘V

Alg 1 1 1 1 1 1 1 1 1 1 1 1 2% 4+ y?; 22
Agg 1 1 r 1 -1 -1 1 1 1 1 -1 -1 R,
Big 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1

Bog 1 -1 1 -1 -1 1 1 -1 1 -1 -1 1

Eig 2 1 -1 -2 0 0 2 1 -1 -2 0 0 (Rz, Ry) (xz,y2)
Egg 2 -1 -1 2 0 0 2 -1 -1 2 0 0 (2% — y?, 2zy)
A1y 1 1 11 1 1 -1 -1 -1 -1 -1 -1

Agy, 1 1 1 1 -1 -1 -1 -1 -1 -1 1 1 2
By 1 -1 1 -1 1 -1 -1 1 -1 1 -1 1

Bau 1 -1 1 -1 -1 1 -1 1 -1 1 1 -1

Eiu 2 1 -1 -2 0 0 -2 -1 1 2 0 0 (z,y)
Eou 2 -1 -1 2 0 0 -2 1 1 -2 0 0

12



E 4Cj3 AC2

3C;

w = exp(2mi/3)

[SUR S

o & &

[

o & &

—_ =

(I’,y,Z) (RwaRysz)

$2+y2+22

(yz, xz, zy)

&

8Cs

654

60’d

W W N ==

1
-1
0
-1
1

$2+y2+22

((22% = 22 — y?),V3(2? — ¢?))

(R, Ry, R2)

(‘/r7y’z)

(yz, vz, 2y)

&

302

6Co

W WM ==

(z,y,2)

$2+y2+22

((222 = 22 — y?),V3(2® — ?))

(RI7Ry)RZ)

(zz,zy,y2)

651 8S5s

30'h

60’d

W WN = WWhN =

-1 =
1 —

1
1
1
0
0
1
1
1
0
0

1
1
2

-1
-1
-1
-1
-2

1
1

1
-1
0
-1
1
-1
1
0
1
-1

:172+y2+22

((222 o :172 o yQ), \/§($2 o y2))

(Ra, Ry, R2)

(z,y,2)

(zz,3y,y2)

&

1205

1202

20Cs 15C

1253, 12510

20S6 150

N+ =

3(VB£1)

U = W W~

Uk W W~

N+

—n_
-1

N+

—n_
-1

0

—n_
n+

-1

—n_
n+

-1

= W

ot

1

N+
—n_
-1

0

-1

N+
n—
1
0

1
—n_

M+
-1

_ o o

o O

1
-1
-1

0

1

(R, Ry, R:)

(‘/r7y’z)

(

$2+y2+22

15(22° — 2% —y?),

%(‘TQ - y2)a mzvxyvyz)

13



Coov E 2C*(«) o000y
¥t (Ay) 11 1 z 22 +y? 22
N (Ay) 11 ~1 R,
m (Ey) 2 2cosa 0 (z,y) (Rs, Ry) (xz,yz)
A (Eg) 2 2cos2a 0 (x2 — 2, Qxy)
o (Es) 2 2cos3a 0
Doon E 2C*(«a) ooy 1 25%(«) - 000y
S5 (Agg) 1 1 1 1 1 1 2% 4 y?; 22
So (Ag) | 11 -1 1 1 -1 R,
My (Eig) 2 2cosa 0 2 —2cosa 0 (Rz, Ry) (xz,yz)
Ay (Egp) 2 2cos2« 0 2 2cos22a 0 (x2 — 2, Qxy)
O, (Esg) 2 2cos3a 0 2 —2cos3a 0
S (An) 11 1 -1 -1 -1 P
So (As) | 101 -1 -1 -1 1
My, (Eiu) 2 2cosa -2 2 cos o 0 (z,9)
Ay (Eau) 2 2cos22a 0 —2 —2cos2« 0
D, (Esy) 2 2cos3a 0 —2  2cos3a 0
Symmetry representations
Selected tables for descent in symmetry
Cov O Cs Cs D3, Csy Cav Cs Cs
(E,0%%) (E,0¥%) (on — o¥%) (E,on) (E,o4)
Ay A A’ A Al Ay Ay A A’
A, A A" A" Al A, Bs A’ A"
B B A’ A" E/ E A, ® By 2A/ Ap A
Bs B A" A AY Ay Ay A" A"
Al A B, A A
B E A, ® By 2A" Ap A
Dooh CQV 0(3) Oh Td
(x,y,2) — (z,2,9) S, Ay, A,
Zg_ A1 Pg Tlg Tl
Eg B1 Dg Eg D ng Ea T,
ﬂg A2 &P B2 Fg AQg @b Tlg &P ng A2 l&>] T1 &P TQ
Ag Ao B Gg Ay DE; ®Tig ® Toq AMoEeT, 0T,
E;r BQ Su Alu A2
E; AQ Pu Tlu T2
Ty A,oB; D, B, @ Tay Eao T
Gy A1y ®E, & T1y @ Toy AdEG Ty Ty
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Reduction formula

= '"'V®ar?s. . -®aq,rm™

=7 S ORI (R

Projection operator

P Z x*®(R)* R
R

Direct products

Generally
X"T(R) = X" (R)x" (R)

Selected tables of direct products
Csy | Ay Ay E
Ay A Ay, E

A, A E

E Ap[A)]BE

Cov | 27 X7 1T A

Xt X I A

¥ DI A

m YtrelXleA TTed

A Ste ]l

TqorO | Ay, Ay, E T, T,

A, A A, E T Ty

A, A, E Ty T,

E A [A)eE Ti0T, T, @ T,

T AioEe[TeT, Av@EaT aT,
T, AdEa [T T,

Square brakets [ | indicate the antisymmetrised component of the product.

For point groups with a centre of inversion,
gREg=g uQu=g gRu=nu.
For point groups with a horizontal mirror plane,

/ / / " " / / " "
® = ® " = ®@ ="
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Flow chart for determining molecular point groups

. Yes . —
»| Linear? - 1? 7
O«
Yes @ i Yos
No No
Y
Are there any C, proper No i
rotation axes, with 1 > 2? > ) Yes
l Yes
Find the order 7 of the highest-order
proper rotation axis C,,.
No
Is there more than one such axis? = nC,0C,7?
l Yes Yes lNo
Value of n?
nao,?
5 (6Cs) 4 (3Cy) 3 (4Cy) 2 (3Cy)
No Yes
Y
7
Y
Oh?
No Yes
i? Gh?
No Yes No
Y
i? a? nog? Son H C,?

\ Yes No Yes No Yes No

©AJS. 1991
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Space groups

General Equivalent Positions (GEPs) and Special Equivalent Positions (SEPs)

P2,

GEPs:

2@ (xm Yn, Zn)a (_xm % + Yn, _Zn)

SEPs:
None

P21/C

GEPs:

4 @ (xrwynazn); (_xrw

SEPs:
4 pairs:
2 @ (0,0,0) and (0,
2@ (0,0,3) and (0,
2@ (3,0,0) and (3,
2@ (3,1,0) and (3,
P2,2,2,
GEPs:

4@ (Irwyna Zn)a (_ITH % + Yns % - Zn)7 (% + Tp, %

SEPs:
None

O VIR N= NI

== O Nl

~— — — ~—

17
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Parameters for selected magnetic nuclei

isotope natural abundance (%) spin, [

'H 100 :
’H 1.5 % 1072 1
°H 0 :
°Li 7 1
"Li 93 2
B 20 3
"B 80 3
13C 1 %
“N 100 1
PN 0.4 :
0 3.7 x 1072 2
YF 100 :
*Na 100 g
TAl 100 2
#Si 5 :
Ip 100 :
Y 100 I
Fe 2 %
Se 8 5
"“Rh 100 1
107Ag 59 %
109 A o 48 %
Cd 12 !
119Sn 9 %
#9Xe 26 :
Pt 34 :
2T] 30 :
205T1 70 :
*"Pb 23 :
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Amino acids

Name Three-letter | Single-letter Side chain, R =
code code
Serine Ser S — CH,0OH
HO H
Threonine Thr T )(
Me
Cysteine Cys C — CH,SH
Methionine Met M — CH,CH,;SMe
Aspartic acid Asp D — CH,COO
Asparagine Asn N — CH>;CONH,4
Glutamic acid Glu E — CH,CH, co0O
Glutamine Gln Q — CH>CH,CONH,
Lysi Lys K - T
ysine y CH>CH;CH>CHoNH;3
NH,
Arginine Arg R — CH,;CH;CHyNH %\
N\ 4+
NH,
Glycine Gly G —H
Alanine Ala A — Me

19




Name Three-letter | Single-letter Side chain, R =
code code
Leucine Leu L — CHyCHMey
H Me
Isoleucine Ile I ~
CHgMe
Valine Val A% — CHMey
H
s . N
Histidine His H >
|/
N
Phenylalanine Phe F /\©
Tyrosine Tyr Y /\©\
OH
Tryptophan Trp W \ A
N
H
Proline* Pro P

*For proline the complete structure of the amino acid is shown.
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Nucleotide bases

Name Abbreviation Structure
O
N
Guanine G </ I NH
Py
\E N NH,
NH,
N X
Adenine A </ I N
J N)
NH,
X
Cytosine C ‘ )N
AN
N o
Jo
O
Me
Thymine T ‘ )NH
X
Ne
o
O
Uracil U [\k)NH
AN
N o
Jo
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DNA codon table

Second position

Third position

H O << UOHO << JOHOUO < IO|HO<«U
o0 >
o2 o b, 5 = &
O 2 5 N <
—_— n B |m/m—— o~ | ———
H O << UOHLOD < OO < OO T
GHOEOEOOEOEOEOIICEOEOERONICEGRORG)
FEHEBHEBHODODDODOM < <|UOUTUT
£ o ol 2 = g 2 g =
& S S| E T |< 3| <4 O
— = N nN| "N /| /| =

TAT
TAC
TAA
TAG

CAT
CAC
CAA
CAG

AAT
AAC
AAA
AAG

GAT
GAC
GAA
GAG

Ser

Pro

Thr

s Ala

N
J

N
J

)
J

)
/

HO << OO OO OIHO <D
O OO LLLDILOOOOILLOD O DD
HEHEBHEERHOODODO< |00 0T
=} —
| — | — = | ——
H O < OIHDO <« U= O OO <« O
TTTTTTTTTTMTTTTT
HFEHEBEHEBHODODODOM < <|UOUOIU
B O < @

uorysod sirg
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