Chemistry 311

Constants and Conversions

h=6.626x10**Js
m(electron) = 9.1094 x 10™' kg
m(proton) =1.6726 x 10”7 kg
m(neutron) = 1.6749 x 10% kg
§=28.855x 10" C’N'm?

1eV=1.602x10"17

h=h2n

Equation Guide

N, =6.022 x 10* mol”
e=1602x10"C

c(vacuum) = 2.9979 x10° m/s
ky (or k) = 1.381 x 10 JK' R,=10974 x 10’ m"

1 Debye = 3.3356 x 10° C m a,=529x10"m

Reduced Mass u= LU Moment of Inertia 1 = ur?
m, +m,
Coulomb’s Law F =L%—ZZ V= I 99,
dme, r dme, r
. 1 1
Rydberg Equation X = H(— - —2) sn,n,=123...,n,>n,
2
. hc . . h
Planck relation Epoion=hVv = > deBroglie relation A=—
p
2
Bohr model r= i 4n8° n*=amn’;n=123.. A
m,e’ 4me,r

Classical Wave Equation

J*u(x,t) 1 Ju(x,t)
2

u(x,t) = i(sin?)(&l cos(w,t + ¢)) : n=123..

ot v ooar
2
d y(zx) By(x)=0 y(x)=ce™ +c,e™
dzd Time-Independent
Y(ZX) + By(x) =0 y(x) = Acos(ﬁx)+Bsin(/3x); v =£ Schrodinger Equation
dx 27 A = EW
' [w Awdr
Expectation/Average Values <M > =t
[wwar
Root-mean-square Value = <M 2> Uncertainty 0, = <M 2> -((m >)2
Normalization Condition f Wwir =1
Orthogonalization Condition f W' ddr =0



Limits and volume elements: integrating over all space

+00 +00 +00 ®© T 2 @
Cartesian: f dx f dy f dz Spherical: f ridr f sin6do f d¢ or f 470r*dr if no angular parts
—o 0 0 0 0

—o0 —00

Operators
A is hermitian if f‘P*A¢dr= f(pA*‘P*dr Commutator=[A,B]= AB—- BA
2
fex Fer b —-in f--"viy
ox 2u
2 2 2 1 1 ) 1 2
V= 07—2+&—2+(9—2 =—2£(r2i)+ — i(smei)+ﬁa—2
ox” dy Jz r-dr\ dr) r~sin6 d0 d0) rsin” 0 dp

2
e i isin(@)i+%077
sin(60) 00 d0 sin"(0) "¢

i, =—ih xi—yi or l; =—ih 9
: dy ~ ox ' )

) Popailei

271.2
Particle-in-a-box Yy=C sin(ﬂ) E = —g h > sn=123..
a ma
h* (n? n; n’
=—| 24+ 2 +-L
8m\a*> b ?
Harmonic Oscillator V= %k)ﬂ o = _V;“

o\ PRI o\ 2
lpv:()('x)=(;) e ¢v=1(x)=( ;:) xe™ 2 ¢v=z(x)=(a) (20062—1)6'“’“ 2

v=L E Ev=(v+l)hv ;v=0,1.2...
2x \u 2
hz
Rigid Rotor E,=—J(J+1) ;J=0,12.. g, =2J+1
21
(In the hydrogen
2 42 B L atom [ is the
L'=wJJ+1) L =mh;m=0,1,.2J equivalent of J)
Euler’s Relation exp(iB) =cos 6 £ isin O
Trig. Identities sin® A +cos’B =1 sin 2A =2 sin A cos A
sin? A —cos’ A=cos 2A =2 cos* A—1
sin(A = B) =sinAcosB = cosAsinB cos(Ax B)=cosAcosB FsinAsinB
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Hydrogen-like Atoms/Ions \%

4me,r

W, (r0,0) =R, (1O, (O, ($) =R (NY"(6,9) ;n=123.. 1=012..n-1 m=0x],..,+

P uzet 7%’ __(13.6)22eV o123
" 2(4Jreohn)2 8me,a,n’ n’ ’ T
3/2
o (2) o
R a, a,
1 Z 3/2 1 Z 3/2
= — 2-0)e?"? = = oe'?cosh
e v =)
1 Z 3/2 1 Z 3/2
= =1 oe?'*sinfcos = Z | oe?’?sinBsin
Van 4@() P T g, ’
Operating on Spin Functions S =5%4+ 3')2 + 3‘22

gzia(i) = ga(i) gziﬁ(i) = _gﬁ(l)

Term Symbols Atomic: **'L,

M, =Y m,(i)
L=-M,-M, +1,...M, -1,M,

Quadratic Equation

General Integrals

o0
f x"e " dx =
0

n!

n+l

a

1-3:5-(2n—-1) m1/2
on+1gn (E)

@

2
szne““‘ dx =
0

1
[sin*(ax) = % - J-sin(2ax)

) x*  xsin(Rax) cos(2ax)
f xsin”(ax) = T -

4a 8a’

Mg = m,(i)
S=-Mg-M;+1,..M;-1,M,

Forax’> + bx +c=0

J=L+SL+S-1..L-S|
M, =M, +M,

—b+b*-4ac

2a

X =

T 1
fcos" 0sin6do = fx"dx: 0 ifnisodd
0 -1

= if n is even
n+1
f x2n+1 g-ax’dy = L’l
2 2ant
in(2

feos*(@ids = £ 4 0220

2 4a
fxcosz(ax)dx = x_z " xsin(2ax) cos(22ax)

4 4a 8a



*In Spectroscopy, v and o are often, but not always, used interchangeably for the frequency.
This is potentially confusing because in the wave equation, they are different by a factor of 2n
(as in the difference between 7 and h) In the equations below, I have used v, to remind you that
it’s related to the frequency. The tilde (~) above a symbol usually means that you should convert
to wavenumbers (cm™), the frequency or energy units used in spectroscopy.

Rotational and Vibrational Spectroscopy

No corrections: E,, = V(v + %) +BI(J+1) ;v=0,12..;7=0,12..

- 1 k ~ h
where v =—— ; =—
2mc \u 8r’cl

Vo

\S]

. 1V . -
With corrections: E, , = f/e(v + l) - 5(6176(\/ + 5) +BJ(J+1)-DI*(J+1)

where B, = B, - de(v + %)

For vibrational excitations from v =0 to a higher level v,
v, =E -E_,=vy -xvy(v+ 1)
First few lines
v=0-—>1 Vo=V, —2X,V,
v=0—>2 Vi, =2V, —6),V,

For rovibrational excitations fromv=0—> 1, AJ = +1

Vs =E,yn—E,o, =V, +2B + (3B, - B))J - (B, - B,)J*; J=0,12...
and fromv=0—>1,AJ=-1
Vo =E ;0 —E, o, =Vo=(B +B)J+(B -B)J;J=123...

First few lines of R and P branches

v=0->1,/=0->1 V. =V, +2B,
v=0->1,J=1-2 V. =V,+6B -2B,
v=0->1,J=1-0 V.=V, -2B,
v=0->1,/J=2->1 Vv, =V,+2B -6B,

Electronic Spectroscopy

2
Epp =V +7 (v + ;) )Zef/e(v " %) ;v =0,12..
For electronic excitations from v’ =0to v’ =0,12...
R A A Y A SR A ()
obs e 2 e 4 e e 2 e 4 e e e e e

Beer’'s Law: A= log]O(ITO =eCL



