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H He
1 2
1.008 4.003
Li Be symbol B C N Q) F Ne
3 4 atomic number 5 6 7 8 9 10
6.94 9.01 mean atomic mass 10.81 12.01 14.01 16.00 19.00 20.18
Na Mg Al Si P S Cl Ar
11 12 13 14 15 16 17 18
22.99 24.31 26.98 28.09 30.97 32.06 35.45 39.95
K Ca Sc Ti \Y% 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
39.102 | 40.08 44.96 47.90 50.94 52.00 54.94 55.85 58.93 58.71 63.55 65.37 69.72 72.59 74.92 78.96 | 79.904 | 83.80
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

85.47 87.62 88.91 91.22 92.91 95.94 101.07 | 102.91 106.4 107.87 | 112.40 | 114.82 | 118.69 | 121.75 | 127.60 | 126.90 | 131.30
Cs Ba La* Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86

13291 | 137.34 | 138.91 | 178.49 | 180.95 | 183.85 186.2 190.2 192.2 | 195.09 | 196.97 | 200.59 | 204.37 | 207.2 | 208.98
Fr Ra Act
87 88 89

y ) Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Lanthanides 58 59 60 61 62 63 64 65 66 67 68 69 70 71
140.12 | 140.91 | 144.24 150.4 | 151.96 | 157.25 | 158.93 | 162.50 | 164.93 | 167.26 | 168.93 | 173.04 | 174.97
. Th Pa U Np Pu Am Cm Bk Ct Es Fm Md No Lr
+Actinides
90 91 92 93 94 95 96 97 98 99 100 101 102 103
232.01 238.03
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Greek Alphabet

A o alpha H n eta N v nu T 1

B [ Dbeta © 6,0 theta = & xi Y v

'y gamma I | iota O o omicron (ORI}

A O delta K kK kappa m m pi X X

E ¢ epsilon AN A lambda P p rho Y Y

Z ( zeta M mu > 0 sigma Q w
Series

Geometrical progression

n—1_ 1-2"

a
Sh=a+az+az’+---+az a . Se=-—— when|z| <1.
1-z 1—z
Power series
Z2 Z3 7N
eXpZ:1+z+E+a+...+m+...
ez e iz 2 4 £
cosz_T_1_§+ﬂ_§+...
elz—ei2 A S 1
sinf=——— —7—— 4+ — — — ...
S RN TR R TR
-1 —1)(p-2
(1+Z)p:1+pz+p(p2I )2, P(P 3)'(|o )3 ... <1
2 3 n
¢ 1z (—2)
Infll+2Y)=7z— —4+— ... >~ _ ... 7 1
(1+7)=2-5+% 2o <

Stirling’'sformula

Innt ~nlnn—n for large n

Deter minants

ab
d

In general,

=ad —bhc

det(A) = ZAijCji (i fixed at any value),
]

¢

tau
upsilon
phi

chi

psi
omega

where the cofactor Cj; is (—1)"+J times the determinant of the matrix obtained by deleting the ith row

and the jth column of A. For example,

dil aiz a3
dp1 a2 az3| =amn
dz1 432 ass

dp1 ax
dzr az

dp1 a3
das1 as3

dzo azs
dz2 as3

= ajiapgpazz — ajidpgzasy + ajpdp3zasy — ajpdp1asz + ajzagiaszy — arzaxnasy.



Integrals

/wexp( x?)dx = /T/a,  (a>0)

/ xexp(—ax?) dx =1x3x5x...x (2n—1) (ng (n>1;a>0)
o 1
n _ : .
/0 r'exp(—ar)dr = s} (n>0; a>0)
/2 -1 ry2
/ sin™Bcos"0de = / sin™20cos"0do
0 m-+nJo
— /2
=1 1/ sin™@cos"20ds,
m+nJo
so that
w2 (M=1)(M=3)...(n=1)(n—3)...
sin™Bcos"0d0 = C
/o Mmrm(man—2)mrn—4)...

where C = 11/2 if m and n are both even, and C = 1 otherwise. E.g.:

/2 2 1 /2 11m
i 3 = —= = = ——
/o sinBcos ede_4.2 7 /0 sin20cos20d0 127

Integration by parts

b dU b bdu
/au&dx_[m)]a—/a &vdx

Trigonometrical formulae

sin(A+B) =sinAcosB 4 cosAsinB
cos(A+B) = cosAcosBFsinAsinB

cosAcosB = 3(cos(A+B) +cos(A—B))

sinAsinB = (cos(A—B) —cos(A+ B))
sinAcosB = 3 (sin(A+B) +sin(A—B))
) . . A+B A—B
SINA+sIinB = 2sin —; cos >
sinA—sinB:ZcosA+BsinA_B

2 2

A-+B A—B
CosSA+cosB = 2cos -; cos >

. A+B . A-B
COSA —cosB = —2sin _; sin >

Cosine formula
a2 = b2 +c2—2bccosA

Tt
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Spherical Polar Coordinates

Relationship with Cartesian coordinates

X=rsinBcosp r=+/x2+y2472
y=rsinBsing 6 =arccos(z/r)

z=rcoso ¢ = arctan(y/x)

Integration

[ T 21
/...dV:/ / / .. r2sinBdrdede
r=0.6=0/9=0 X

Laplacian

%Y 0%y Y
2,1 _
Hw= ox2  oy2  0z2

10 (0 1 9 (. 0y 1 Py
T r2or <r ar> T Zsin6 06 <S|n966> T \25in20 062

Spherical Harmonics

Yin(8,0) =/ 222 Cin(8,0),

where

1
A= m)Y 2 jm i (=1)™ form >0,
Cim(6,9) = [(I+|m|)!} A (cose)em‘bx{l for m < 0.

Here P™ is an associated Legendre polynomial. In particular,

C00:17

Cio=cosB=1z/r,

Cri1= $\/%sin Peti® = ¢\/;(xj: iy)/r,

Coo = 2(3c0s?0—1) = 1(322 - r?)/r?,

Cor1= HF\/gcosGsin Peti® = :F\/g(zxi izy)/r2,
Couz= \/gsin2 Pet2¢ — \/g(x2 —y2+ 2ixy) /r?.

Ladder Operators
L=3k=+idy T M) =10+ -MM+1)J,M+1)




Character tablesfor someimportant symmetry groups

Ag 1 1 Rx;RyiR,  X2y2,22,xy;xz;yz
Ay 1 -1 X;y;Z

Gs E Oh

A 11| xy Ry xBy4z%xy
A 1 -1 z  RyRy XZ;yz

A 1 1 z R,  Xx%y%7%5xy
B 1 -1 X;Y Rx;Ry XZ;yz

Cov E Ci o“ o~

A1 1 1 1 1 z x2;y?; 72

A 1 1 -1 -1 R, Xy

B1 1 -1 1 -1 X Ry Xz

B> 1 -1 -1 1 Yy Rx yz

Con E C i oY

Aq 1 1 1 1 R, x%y%7%xy

By 1 -1 1 -1 Rx; Ry XzZ;yz

A, 1 1 -1 -1 z

Bu 1 -1 -1 1 Xy

™ | E C3 CJ Ci

A 1 1 1 1 x2;y2; 72

B1 1 1 -1 -1 z Ry Xy

B> 1 -1 1 -1 y Ry Xz

B3 1 -1 -1 1 X Ry yz

Dog E 254 C5 2C, 204

Ay 1 1 1 1 1 X2 4 y?; 72
Az 1 1 1 -1 -1 Rz

By 1 -1 1 1 - X2 —y?
B> 1 -1 1 -1 1 z Xy
E 2 0 =2 0 0 xy) (Rx,Ry)  (xz,yz)




Don E C3 CJ CX i oY o¢ o~
Aq 17 1 1 1 1 1 1 1 x2;y?, 22
Big 1 1 -1 -1 1 1 -1 -1 R; Xy
By | 1 -1 1 -1 1 -1 1 -1 | R x
Bsg 1 -1 -1 1 1 -1 -1 1 Ry yz
Ay 1 1 1 1 -1 -1 -1 -1
B1u 1 1 -1 -1 -1 -1 1 1
Boy 1 -1 1 -1 -1 1 -1 1 y
Bau 1 -1 -1 1 -1 1 1 -1 X
C3 E Cs C3 w = exp(27i/3)
A 1 1 1 z R, X2 +y?; 72

1 o ?| x—iy Rx—iRy xz—iyz; X2+ 2ixy —y?
E { 1 o? o | x+iy Rx+iRy xz+iyz; X2 —2ixy —y?

G | E 2CZ 30y

A 1 1 1 z x2 +y2, 72
A, |11 -1 R,
E 2 -1 0 | (xy) (RoRy) (xzy2):(¥*—y?2xy)

Dy | E 2C% 3C,

A 1 1 1 X2 +y?; 72
Ao -1 z Rz
E 2 -1 0 | (xy) (RoRy) (xz,y2);(x*—y? 2xy)

[EEY
[EEN

Dsqg E 2C3 3Cp i 2S¢ 30y

Aig 1 1 1 1 1 1 X2 +y%; 22
A 1 1 -1 1 1 -1 R,

Eq 2 -1 0 2 -1 0 (R,Ry)  (xz,y2); (X2 —y?,2xy)
Ay 1 1 1 -1 -1 -1

Aoy 1 1 -1 -1 -1 1 z

Eu 2 -1 0 -2 1 0 (%,Y)

Dsh E 2Cs3 3C, on 2S3 30y

A, 1 1 1 1 1 1 X% +y?; 22

A 1 1 -1 1 1 -1 R,

E/ 2 -1 0 2 -1 0| (xy) (x2 —y2,2xy)
A 1 1 1 -1 -1 -1

Al 1 1 -1 -1 -1 1 z

E” 2 -1 0 -2 1 0 (Rx,Ry) (xz,yz)




Cw | E 2C4 C§ 20, 204
Ay 1 1 1 1 1 z X2 4?72
Ao 1 1 1 -1 -1 R,
By 1 -1 1 1 -1 X2 —y?
B> 1 -1 1 -1 1 Xy
E 2 0 -2 0 0 (X7 y) (RX7 RY) (XZ> yZ)
Note: The oy planes in (4, coincide with the xz and yz planes.
Dy | E 2C4 CZ 2C; 2C, i 254 op 20y 204
Aig 1 1 1 1 1 1 1 1 1 1 X2 +y%; 22
Axg 1 1 1 -1 -1 1 1 1 -1 -1 R,
Big 17 -1 1 1 -1 1 -1 1 1 -1 x2 —y?
Bog 1 -1 1 -1 1 1 -1 1 -1 1 Xy
Eg 2 0 -2 0 0 2 0 -2 0 0 (Rx,Ry)  (xz,yz)
A1 1 1 1 1 1 -1 -1 -1 -1 -1
Aoy 1 1 1 -1 -1 -1 -1 -1 1 1 z
By 1 -1 1 1 -1 -1 1 -1 -1 1
Boy 1 -1 1 -1 1 -1 1 -1 1 -1
Ey 2 0 -2 0 0 -2 0 2 0 0 (x,Y)
Note: The C, axes in Dy coincide with the x and y axes, and the oy planes with the xz and yz planes.

Note that the quantities N+ = 3(v5+1) satisfy ne? =1+ns andnyn_ = 1.

Gv | E 2Cs 2C2 50y ne=3(v5+1)

A1 1 1 1 1 z X2 +y2; 72

A 1 1 1 -1 R,

S 2 n--n: 0 | (xy) (RcRy)  (xz,y2)

E2 | 2 —ny n- 0 (x> —y2,2xy)

Ds | E 2Cs 2CZ 5C; N+ = 3(v6+1)

Ay 1 1 1 1 X2 +y?; 72

A 1 1 1 -1 z R,

E1 2 n--nt 0 | (xy) (RoRy) (xz,yz)

E2 | 2 —ny n- O (x> —y2,2xy)

Dsg | E 2Cs 2CZ 5C; i 253, 2S1050¢ N =1(v5+1)
Axg 1 1 1 1 1 1 1 1 x2+y? 22
Agg 1 1 1 -1 1 1 1 -1 R,

E1g 2 n--ny 0 2 n--ny O (Rx,Ry) (xz,y2)
Exg | 2 -n4 n- 0 2 —ny n- 0 (x> —y2,2xy)
Ay 1 1 1 1 -1 -1 -1 -1

Agy 17 1 1 -1 -1 -1 -1 1 z

= 2 n--ny 0 -2 -n- ny 0 | (xY)

Eou 2 -ny n- 0 -2 ny-n- O




Dep, E 2Cs 2C2 5C, on 2S5 2S% 50y ne = 3(v/5+£1)

A, 1 1 1 1 1 1 1 1 X2 +y%; 22
A 17 1 1 -1 1 1 1 -1 R,

E; 2 n--ny 0 2 n--ny 0 | (xy)

E) 2 -nx n- 0 2 -ny no O (X2 —y2,2xy)
Y 1 1 1 1 -1 -1 -1 -1

Y 1 1 1 -1 -1 -1 -1 1 z

Ey 2 n--ny 0 -2 -n- ny O (Rx,Ry) (xz,y2)
EZ 2 ny n- 0 -2 ny-n- 0

Govw | E 2C 2C2 C¥ 30, 304

As 1 1 1 1 1 1 z X2 +y?, 72

A 1 1 1 1 -1 1 R,

By 1 -1 1 -1 1 1

B> 1 -1 1 -1 -1 1

E1 2 1 -1 =2 0 0 (x¥)  (RyRy) (xz,y2)

E> 2 -1 -1 2 0 o0 (x2 —y2,2xy)

De E 2Cs 2C2 C& 3C; 3C),

As 1 1 1 1 1 1 X2 +y?, 72

A 1 1 1 1 -1 -1 R,

By 1 -1 1 -1 1 -1

B> 1 -1 1 -1 -1 1

E1 2 1 -1 -2 0 0 (x,y)  (Rx,Ry) (xz,yz)

E> 2 -1 -1 2 0 © (x2 —y2,2xy)

Deh E 2Cg 2C§ Cg’ 3Cy 3C/2 i 2S3 2S¢ on 304 30y

Axg 1 1 1 1 1 1 1 1 1 1 1 1 x2 +y? 22
Ay 1 1 1 1 -1 -1 1 1 1 1 -1 -1 R,
Big 17 -1 1 -1 1 -1 1 -1 1 -1 1 -1

Bag 17 -1 1 -1 -1 1 1 -1 1 -1 -1 1

Eig 2 1 -1 -2 0 0 2 1 -1 =2 0 0 (Rx,Ry) (xz,yz)
Exg 2 -1 -1 2 0 0 2 -1 -1 2 0 0 (x2 —y2,2xy)
Ay 17 1 1 1 1 1 -1 -1 -1 -1 -1 -1

Asy 1 1 1 1 -1 -1 -1 -1 -1 -1 1 1 z
By 1 -1 1 -1 1 -1 -1 1 -1 1 -1 1

Bau 17 -1 1 -1 -1 1 -1 1 -1 1 1 -1

=5 2 1 -1 -2 0 0 -2 -1 1 2 0 ©0 (x,y)
Eau 2 -1 -1 2 0 0 -2 1 1 -2 0 ©




T E 4C3 4C3 3C, w= exp(27i/3) CUb| C
Ay 1 1 1 1 X2+ y2+ 72
E { 1 o o 1 2%+ W% + wy?
1 & w 1 22 4+ x? + wAy?
T2 3 0 0 -1 (X,Y: Z) (RX, RY; RZ) (yza Xz, Xy)
T4 E 8Cs 3C, 6Ss4 604
Ay 1 1 1 1 1 X2 +y2+72
Az 1 1 1 -1 -1
E 2 -1 2 0 O (222 —x2 —y?),\/3(x% —y?))
T 3 0 -1 1 -1 (Rx,Ry,Ry)
T, 3 0 -1 -1 1 (%,Y,2) (yz,xz,xy)
O | E 8C3 3C; 6C4 6Cy
Al 1 1 1 1 1 X2 +y2 4122
Az 1 1 1 -1 -1
E 2 -1 2 0 © (222 = x2—y?),V/3(x2 —y?))
T 3 0 -1 1 -1 1| (%%2 (RxRyRy)
T, 3 0 -1 -1 1 (xz,xy,yz)
On E 8C3 3C§ 6C4s 6C> i 835 30'h 6S4 60'd
Ag /21 1 1 1 1 1 1 1 1 x2+y24122
Agg 17 1 1 -1 -1 1 1 1 -1 1
Eq 2 -1 2 0 0 2 -1 2 0 O (222 = x2 —y?),V/3(x% —y?))
Tig 3 0 -1 1 -1 3 0 -1 1 -1 | (Ry,Ry,Ry)
Tog 3 0o -1 -1 1 3 0o -1 - 1 (xz,xy,yz)
A 17 1 1 1 1 -1 -1 -1 -1 -1
A 17 1 1 -1 -1 -1 -1 -1 1 1
Eu 2 -1 2 0 0 -2 1 -2 0 0
Ty 3 0 -1 1 -1 -3 0 1 -1 1 (X,Y,2)
Tou 3 0 -1 -1 1 -3 0 1 1 =1
2 H 3 1
I E 12Cs 12C5 20C3 15C, | 12510 12519 20Sg 150 N+ = 5(\/§:|: l)
Ag 1 1 1 1 1 1 1 1 1 1 X2 4+y2+7°
Tig 3 n+ -n- 0 -1 3 N+ —N- 0 -1 (Rx,Ry,Rz)
Tg | 3 -n- ny 0 -1 3 -n- ny 0 -1
Gy 4 -1 -1 1 0 4 -1 -1 1 0
H | 5 0 0 -1 1 5 o0 0 -1 1 (,/1—12(2z2—x2—y2),
1/y2 2
5(X° —Vy?9),XZ,Xy,yz
Ay 1 1 1 1 1 -1 -1 -1 -1 -1 20¢=Y) yy)
Tw (3 n4-n- 0 -1 -3 -np n- 0 1 (X,Y,2)
Tou 3 -n- ny 0 -1 -3 n- -ny O 1
Gy 4 -1 -1 1 0 -4 1 1 -1 0
Hu 5 0 0 -1 1 -5 0 0 1 -1

10



Cov E 2C(a) - w0y Linear
>t (A1) 11 1 z x2 4 y?; 72
(A2 11 | R,
n (Ey) 2 2cosa .- 0 (x,y) (Rx,Ry) (xz,yz)
A (Ep) 2 2co0s20 0 (x2 —y2,2xy)
® (E3) 2 2cos3a 0
Dioh E 2C%a) ogy i 2S%a) -+ Cy
55 (Ax) 1 1 o111 e 1 X2 +y2 7%
5y (Azg) 1 1 =111 R | R,
Mg (Eig) 2 2cosa 0 2 —2cosa --- O (Rx,Ry) (xz,y2)
Ay (Ezg) 2 2cos2a 0 2 2cos20 - 0 (x2 —y?,2xy)
®y  (Ezg) 2 2cos3a 0 2 —2cos3a 0
=5 (Aw) 11 e 1 -1 -1 e =1 z
5T (A) 1 1 e =1 -1 -1 e 1
My (Ew) 2 2cosa -~ 0 —2 2cosa - O (%,Y)
Ay (Ex) 2 2cos2a --- 0 -2 —2cos2a 0
@, (Eay) 2 2cos3a  --- 0 —2 2cos3a 0
Selected tablesfor descent in symmetry
Cw &) Gs G Dan Cav Cw Gs Cs
(E,0%)  (E,0%) (oh—0%)  (E,on)  (E,0v)
Aq A A A A} Aq Aq A A
A A A" A 5 A B> A A"
B1 B A A E' E A16By 2A/ Ao A"
Bo B A" A A Az Ao A" A"
A A B1 A A
E” E A, @ Bg 2A" Ao A"
Do Cov 0(3) On T
XY,2) = (Xz,
(x¥,2) = (%2,) S Ay AL
Zg A1 Pg Tlg T1
Mg Ax® By Fy Azg® Tig® Tog AoTid T2
Dg A1©® By Gg Ag®Egd Tig® Tog AGE®T18T,
b B> Su Ay A
Zu_ AZ Pu Tlu T2
Ay A2® B2 Fu A @ Ty ® Tou Ao T,®Ty
Gu Ay@E @ Tu® Tay ADED®T, @ Ty

11



Reduction of arepresentation
fFr=arYeoar@ae-.-@a,l (™M, then

=1 S xR XR),

where x(R) is the character of the operation R in the rep-
resentation ', x¥)(R) is the character of the operation R in
the representation ¥ and h is the number of elements in
the group.

Projection operators

The projection operator for representation ') is

P — My (R*R.

H 2 XU (R)
The projected function 2 f obtained by applying 2 to
any function f is either zero or a component of a basis for
representation ().

Direct Products
Generally,

X" (R) =x"(R)X" (R),

and if the resulting representation is reducible it can be re-
duced in the usual way. Alternatively the following rules
can be applied.

Treat g/uand’/"” symmetry separately. For groups with
an inversion centre,

g®g=u®u=g and gRuU=u.

For groups with a horizontal plane oy, but no inversion cen-
tre, single and double primes, ' and ", are used to denote
symmetry and antisymmetry with respect to a. Then

l®l=ll®ll:/ and I®ll=ll-

Direct products involving nondegenerate representa-
tions are easily worked out from the character table. The
product of any A or B with any E is an E, and the product
ofany AorBwithany T isaT.

In the cubic groups 7, O and Oy,
EQRE=A10ABE,
EQTI=E®T,=T16T,,
T1T1i=To@T=A1GEST10 Ty,
TMiIT=AE®TI®To.
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For products of E; with E;j in the axial groups the rules
are complicated. If there is only one E representation,
apart from g/u or’/” labels, it should be considered as E;.
We need the order n of the principal axis, which is usually
obvious — e.g. n = 5 for Dsp, — but for Dyg with m even,
n = 2m (because Dyg has an Som axis when m is even).

(a) For E; ® E;:
(i) If Ey exists, then

Ei®E =A1DA2D Exi.
(ii) Otherwise, if 4i = n then
E®E =A10A8B1® B2
(iii) Otherwise
Ei®QE =A1©A2DEpi_p-

(b) For Ei ® E;j with i # j:
(i) If Eiyj exists, then

Ei®QEj =E;_j|®Ei+j.
(i) If 2(i + j) = n, then

Ei®Ej =Ej_jj®B1® B>
(iii) Otherwise

Ei®Ej =Eji—j| ® Ejitj-n-

If there is only one A representation, apart from g/u or’/”
labels, read A; and Az above as A; similarly for B.

Examples

For E®E in (4: there is only one E representation, so
treat it as E1. Rule a(i) doesn’t apply, because E» doesn’t
exist, but a(ii) applies, SOE ® E = A1 & A, ® B1 @ Bo.

For E1g® Eoy in Dsg, note first that g ® u = u. Then we
need E; ® Ep, for which rule b(iii) applies, with n =5, so
the result is E1g ® Ezy = E1u @ Eou.

Antisymmetrized Squares

The antisymmetric component of E ® E or E; ® E; is al-
ways Az. In the cubic groups, the antisymmetric part of
T1®Tiand To® To is Ty.
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Space Groups
General Equivalent Positions (GEPs) and Special Equivalent Positions (SEPS)

Space group P2,

GEPs:
2 @ (Xn,yn; Zn), (—Xn, % +Yn, —Zn)

SEPs:
None

Space group P21/c

GEPs:
4 @ (Xn,Yn:Zn), (—Xn, % +Yn, % —In), (Xna 5= Yn; 3 +Zn) (—=Xn, —Yn,~Zn)

SEPs:
4 pairs:
2@ (0,0,0) and (0, 3, 3)
@ (0,0,3) and (0,3,0)
(2 0,0) and (%,%;%)
@ (3,3,0) and (3,0,3)

Space group P212121

GEPs:
4@ (Xn,Yn,Zn), (=¥n, 3+Yn 3 = 2n)s (34 %03 —Yn, —2n), (3 —%n, —Yn, 3 +2n)

SEPs:
None
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Parameters for selected magnetic nuclei*

isotope natural abundance (%)  spin, |
'H 100 T
‘H 1.5x10° 1
*H 0 7
‘Li 7 1
'Li 93 3
“B 20 3
"B 80 3
“C 1 T
“N 100 1
"N 0.4 7
"0 3.7x10° 3
“F 100 T
*Na 100 3
7Al 100 ot
?Si 5 T
p 100 T
v 100 z
Fe 2 1
"Se 8 i
"“Rh 100 T
"Ag 52 T
“Ag 48 T
Cd 12 1
"Sn 9 :
#Xe 26 T
Pt 34 T
71 30 T
71 70 T
*"Pb 23 T

*The list is not exhaustive.

15



Amino acids

O

+
HzN
i %0

R H
Name Three-letter code | Single-letter code | Side chain, R =
Serine Ser S —CH0OH
Threonine Thr T —CH(CH3)OH
Cysteine Cys C —CHSH
Methionine Met M —CHyCHySMe
Aspartic acid Asp D —CH,COO™
Asparagine Asn N —CH,CONH,
Glutamic acid Glu E —CH,CH>,COO™
Glutamine Gln Q —CH,CH>,CONH,
Lysine Lys K —CHyCHyCHy CHoNH3"
NH»
Arginine Arg R —CH,CH,CH,oNH
NH,*
Glycine Gly G —H
Alanine Ala A —Me
Leucine Leu L —CH,CHMe,
Isoleucine Ile 1 —CH(Me)CHoMe
Valine Val A" —CHMe,
H
Histidine His H _CHa AN
7
N
/CH2©
Phenylalanine Phe F
/CH2 ©\
Tyrosine Tyr Y
OH
_CHp \(@
Tryptophan Trp W I \
N
H
Proline* P P HVH* COO™
roline ro

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

Name Abbreviation Structure
(0]
Guanine G </N | JN\H
~
N™ N7 “NH,
/
NH,
N AN
Adenine A </ | )N
N"
/
NH,
. SN
Cytosine C | N/g
(e}
I
AN
0]
Me NH
Thymine T |
(0]
I
0o
Uracil U | INH
N/J\\o
I
AN
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