Basic Information

Constants and units

c=299792458 ms !
~ 3 X 108ms_1

h=6.626 x 107*]s
h

h=— =1 10734
5 =105 x107"s

Ny = 6.022 x 102 mol !
kg =1.381 x 1072 JK !
=1.381 x 10 1 gem?s 2K
R =8.3145]K 'mol !
= 0.08206 Latmmol 1 K~!
101.3] = 1Latm
— 0.083 145 Lbarmol 1K'
m, =9.109 x 10 ' kg
e=1602x10"°C
my+ = 1.673 x 10~ kg
mo = 1.675 x 10~ kg
ag = 47'(80?12/711362
=0.5292 x 107 1%m
g0 = 8.8542 x 1072 C2N'm—2
Yy = 2.675221 x 108571 771
= 42577 MHzT!
Ry = 1.097 x 10°cm ™!
IN=1 kgms_2
1J=1Nm = 1kgm25_2
1000L = 1m?
leV =1.602 x 10197
Tem ! =1.986 x 1072
lu = 1.661 x 107% kg

Math

alnX =1n (X")
InA+InB=1In(AB)
A
InA—InB = lnE

InN!'~NInN — N
In(M—N)~InMif M >N

Trigonometry

sin(2x) = 2sin x cos x

2 2

cos(2x) = cos” x —sin” x
sin x — 1 — cos2x
o 2
2 1+ cos2x
s x = —————
2
sin®x + cos?x = 1
1
sinxsiny = 5 [cos(x —y) — cos(x + )]
COS X COS Y = % [cos(x —y) + cos(x + y)]
1
sinxcosy = > [sin(x +y) + sin(x — y)]
Determinants
a b
d‘ =ad — bc
ui(1) ux(1) un(1)
u1(2) ur(2 Uy (2
$(1,2,3,...1) = —— 1(2) 2(2) +(2)
V!



Integrals

_+°° £ (x)dx = 0 for odd f (x)
f(—x)=—f(x) forodd f (x)

+oo +oo

[ fwdx=2 /O £ (x) dx for even f (¥)
f(—x) = f(x) foreven f (x)

/sin (ax)dx = —% cos (ax)

/cos (ax)dx = %sin (ax)

/sin2 (ax)dx = g _ siné(}%x)

/cos2 (ax)dx = g + sini%x)

/xsin2 (ax) dx = xz2 B cosS(aZzax) B xsin4512ax)
/xc032 (ax) dx = xz2 N cosS(aZzax) N xsin4512ax)

/xz sin® (ax) dx = —3 - x_2 _ L sin (2ax) — X cos
6 4a  8ad 4a

3 2 1
x? cos? (ax) dx = — + (x_ - —) sin (2ax) + 43;

4a  8a3

o0 2 n!
x2n+1e ax dx =

o0 _ n!
/ xe M dx =
0

(2ax)

(2ax)



Thermodynamics and Kinetics

Thermodynamics
AU =w+gqg
= _PextAV
V2 nRT Va
isoT = — “—dV = —nRTIn 2
Wiso-T /Vl Vv n n V1
H=U+pV

AH =gy = [aH = [ cy(T)
ou
ov=(5r), - (MDP

Cp =Cy +nR

AS:%%: nRIn %Jrcvl %
as= [ 1f’dT+ZA”SH
Toiem ()

Ovin 1 0,/ T
S (eem-h/T_1) ~In [1_6 ]H“[gem

V;
Vz——1|:’)’—1+&:|

Y p2
v=0Cp/Cv
A=U-TS

G=U-TS+pV=H-TS
AG = AG° + RTInQ

au = 1ds = pav; 57 ) - (% )

dH:TdSJrVdp;( )S < )

E— N
dG:—SdT+VdP’<S) ( )p

I(AG/T)\ _
< oT )p_ T2

Statistical Mechanics

n _ e BAE. ;B = 1

Am kBT
o e—ﬁEj B e ﬁE
PiT yie P Q
E; qN
QN,V,B) =) e P = 1
1
2mkg T\ 3/?
trans = ( hZB ) v
T h? )
rot = WOTI OroT = m/I ur
e—Ovip/2T
Toib = 1 — e Ovis/T
1/2
k
o)
VIB kB kB
(E) = U = — <8an)
a:B N,V

kT2 (aan)
aT N,V

1 E)Q) :kT<81nQ>
=g (), =47 (7).,
SZth’IWZ—kBZpih’lpi

dlnQ
S—kBT< 3T )N,V-i-kBan

. |../amQ dln Q
nent |1 (%59), (),

A=—kTInQ
T,
=K (aéLNQ)V,T
W(M, N) = N,(MLLN)'



Equilibrium

= (5)
on pT

dp _ AS
dT AV
_ AH
- TAV
P2 BopH (i _ L)
p1 R n T

In

- (55

ArinG = Arano + RTIn Q

o Pt
- v
PAAf’]lst
K, = Py pz
PA PB
ey et
Ke = CII/L‘AC%B
”/_Z VZ e
_ V
- A

(“)

Co Vy+vz+-—vq—Vp—--+
Kp - KC (_ORT)
p
% - quns Grotdvivelec
— ‘7_ Dy/kpT
Ve
1

GvibYelec = 1—67_9” 8¢
N o
AP~

o

q

V ~ RT

()™

Do/RT

(G°—Hg)/RT

Kinetics

k = Ae ®T

t1p = lnTZ tirst-order only

U(t):_lwz...

a dt
1
V dt
_ﬁ_ [B]eq
k-1 [A]eq
kgT Aiso atpe
e e~ RT
hce
kBT 2 eAiR—soe_%
"~ hee
E, = AYH°® 4+ 2RT

Ke

k=

Kinetic Molecular Theory

o = d?
pNa
o= ()
2y Nog (BTN
2= -
1
A —
V200
8kT\ /2
Z13 = p1020 ( - )
M 32 2 —Muv?/2RT
P(v) =4r (TTRT) ve

SRT\ /2
o) = (%)

3RT\ /2
Orms — (W)

2RT\ /2
Omp =\ "M



Molecular Transport

[
ac(x,t)  d%c(x,t)
ot =D 0x2
_ ksT

P

f sphere — 67Tr
f disk, random — 12171’

) v



Quantum Mechanics and Spectroscopy
General QM

_ oY (x,1)

Particle in a Box

1/2
Pip (x) = (%) sin <n7arx) n=1,273..

h2n?

En:

¥3p (%,Y,2)

h2
~ 8m

(<

8ma?

= () sl

1’12

a2

2
?/
+ 57t o

n2
_Z
2

ot

Harmonic Oscillator

Vi(x) = %kx2
o — mixq + maXxa
niqmiyp
N my + mp
N | B L
| 2uox? T2
l/} ( ) ( 1/2 )e zax
/4 1 -
o () = (;) “
4 3\ 1/4
1/)1 (x) — <%) xe_jtxe
1/4
Yo (x) = (ﬁ) <2ax2 — 1) ™2
ku
K = ?

Anharmonic Oscillator

V (x) = D, (e‘z‘”‘ - 26‘”) ;0=

B 1 (hv)?
Ev—hv<v+§) —4—1:)8 (U

_|_
N[ =
N————
N




Rigid Rotor
I = yrz
L=1Iw
1
KE = Elwz
LZ
— 21
2D
. 92
H = 2 32
2urg d¢
1 .
@ L gm
m; =0,+1, 42,
£ hzmlz
™ 21

H———hz L9 (nol) 1 >
- 2;17’2 sin 0 00 200 b sin? 0 \ 9¢?

0
Y (6,¢) =Y (6,¢) = ©" (6) P, (¢)
2
a-—§#(1+1)
1=0,1,2,3,

- h
8m2cprs
AzYlml (6,¢) = mthZml (6,¢)
L2Y" (6,¢) = KA (1+1) Y™ (6,9)
tx = —ZF[ Ziz — ii
y xor Yol
y4 y x
[tx,iy] = lhtz
y Z X
z X y

Hydrogen atom

o2
\% = —
(r) 4rTegr
RLi+1) €
\% = —
eff (7) 21,12 4rtegr
o meet B 2
" 8e2nin2 8megagn?
g — 80]’12
0™ Tmge?
n=123,---

1=0,1,2,-,n—1
mp=0,+1,4+2, -+l

Radial functions

Rnl (r) — ...
1\3/2
Ruir) =2 (1)
ag
1 /1\%? ( r )
Rog(r) = — [ — 2 )"/
20( ) 8 ao) ag

1 /1\%2
) Ry (1) = —= (—) L e=r/2a0
r0 24 \ ao ap

Full wavefunctions

¢n1m1 (1’, 0, (P) = Ry (1’) Ylml (9/ (P)
=Ry (1’) Ys,p,d,f,...x,y,z (9/ (P)



Term Symbols

25+1L]

L=)Y 1M, =) 1,
; ;

S=)Y s,Ms=) s,
i i

J=L+S,L+S—-1,...,|L—S5]

25+1 A, for molecules

Spherical Harmonics

Complex
Y/ (0,9) =
1\1/2
860 = (4)
3\ 1/2
Y? (6,¢) = <E> cos 6
3\ 1/2
YL (0,9) = F <8_7'(> sin fe*'¢
5 \1/2
Y0 (6,¢) = (w—n) (3cos?0—1)
1/2 _
Y1 (0,9) = F 8—7'() sin 6 cos fe™™?
15 \ /2 .
Y52 (0,¢) = (32—%) sin? fe*2¢

Px = \_/—% (Yll —Y1_1> = \/gsin(?comp

Py = _7211 <Y11 +Y1_1> = \/gsinesingb

dp=Y) = \/j<3cos 9—1)

Ayy = \_/—% (Yzl —Y2_1> = \/gsinO(:osOcosgb

dy, = \/511 <Y2 +Y, ) \/gsirwcos@singb

dyy = % <Y22 — Y2_2> \/fsm 6 sin 2¢
de_p = \}5 <Y +Y, )— \/fsm 6 cos 2¢
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