Physical Chemistry MSC 1. equations for the exam

Chapter 1
s=o0.p.N (1.1.)
s =o0.nd (1.1.b)
h
p=—v p=mv (1.2)
C
sz
E=hv By=—1- (1.3)
g +E =g,+E, [h(v,-v,)<<hv,] (1.3)
81+E1 :E; (14)
hv, + E| =2hv, +E, (1.5)
g +EB=6,+E,  (g,>8) (1.6a)
g1 +E =g, +E;  (5,<g)) (1.6b)
€a +E1, +E; =26, +E, (€1 > €1p) (1.7)
E| =E, +¢, (1.8)
818.+E1 :82b +E; (19)
2
hv,, =1+m«‘=2Ve 1=E;-E, (1.10)
1.11
4nsz|R r| ( )
p=2 Qi (1.12)
i
F=QE (1.13)
|-
p=p0+OLE+§BE +... (1.14)
T=pxE (1.15)
Zpi
p=- 1.16
v (1.16)
P=¢,x.E (1.17)
D=¢E (1.18)
D=c¢ E+P=¢ (1+7%.) (1.19)
e, = =1+, (1.20)
80
py = 1M (1.21)
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. 2
p, =t IM_Nofg, P (1.22)
e, +2p 3eg, 3kT
F=QvxB (1.23)
T=mxB (1.24)
is:_ms (1.24)
me
. R
Hpd =i, (1.25)
eh
Hp =——— (1.26)
2m,
€
—1=-2m (1.27)
me
p,l = —hm (1.28)
gu L = —AM (1.29)
gy = 1M, (1.30)
eh
Hy = (1.31)
2mp
2.2
Am="1B (1.32)
4m,
_MBp_. B 1.33
o=g="B=v, (1.33)
6. MBnp_
oo—gNTB—yNB (1.34)
M:jwamwjdr (1.35)
m.
M= — 1.36
Y (1.36)
M = poxmH (1.37)
B=uH (1.38)
no=1+y, (1.39)
- :%+B (1.40)
AE=E, -E,=hv=ho (1.41)
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tp 2
2., :hiz [, (explio, thi (1.42)
0
K :J-\yff(wjdr (1.43)
V = ApE (1.44)
K, :EJ‘\ypr\yjdr (1.45)
P=[yiApy dt (1.46)
N. Ei —Ej hv
N - N A 1.47
N, p( KT ] p[ ij (147
r+a+t=1 (1.48)
SE.5t> - (1.49)
27
L (1.50)
27T
v
Av=v—-v,=v — (1.51)
C
I
=L (1.52)
I0
I
A= lg(T"j = —1g(T) (1.53)
I
R= 1g(1—°j = —1g(r) (1.54)
=" (1.55)
C
Chapter 2
Hy = By (2.1)
w(r.0.0)= R()Y (0. 0) 22)
H=T+V (2.3)
2
vo__1 € (2.3)
4me, T
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—T.+V R(r)

_n1
~2m, Y(0.6)

e'm.  _ . Ry

Ey=- 32ne Pn? n?

T,0[Y(0.0)]-E

\I](l’l, 1’ m) = Nn,l,m l RL (inlm ((P; e)
na

r

[¢]

4me h’
a, = W = 529131’1]
J\u*wdr =1

12y =1+ 1R’y
[=JIl+1)n=10"h

LY™ =mhy,"

[ =mh

z
%

m=—,l

= JsGs+1)n=s"n

,0(c)=m_hg(c)

s, =mh

m, =-2U,8

m, . = =2 m,

=l+s

JENi+n=5n (j=1+s)
J.=m;h (—jSmj S+j)

Py =11 +1)r%y

Gl o

I=JI(I+1a=T"h
I.=M,h
M, =gp!"l'NI*

for hydrogen I = %

-I<M, <+1
I

(2.4)

2.5)

(2.6)

2.7)

(2.8)

2.9)

(2.10)

2.11)
(2.12)

(2.13)

(2.14)
(2.15)

(2.16)

(2.17)
(2.18)
(2.19)

(2.20)
(2.21)
(2.22)
(2.23)
(2.24)
(2.25)

(2.26)
(2.27)

(2.28)
(2.29)
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M, =g,uM, (2.30)
AE=E,~E; =hv 2.31)
P =y Apy,dt#0 (2.32)
Ap = —eAr (2.33)
Ap, = —eArsin0cose (2.34)
Ap, = —eArsinBsin¢ (2.35)
Ap, = —eArcos 0 (2.36)
dr = r* sin 0dodOdr (2.37)
o T 2n
P =—c j j j v, (r,0,0)v (1, 0,0)r* Ar sin’ 0 cos pdpdodr (2.38)
000
o T2
P, :—e“. J-w:(r,(p, Oy (r,9,0)r> Ar sin® 0 sin pdod0dr (2.39)
000
o T 2n
P, =—c[ [ [w](r,0,0)y;(r,¢,0)r*Arsin0.cos 0dedodr (2.40)
000
AE 1 1
vVv=—2=R, | ——-— n. >n 2.41
he HLH? nf} ' ! ( )
~ R
Vima =1, =—5- (2.42)
n-.
J
z*heR R
E,=-=——-=—-hc—=% (2.43)
n n
v_R{ SN 2] (2.44)
(nj_aj) (ni_ai)
- 2v2—2£+ Zi (2.45)
2m, 5 i 5 i i L '
E <E,<E, <E, <E, <E, <E,, <E, <E;.. (2.46)
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jzzji fOl’

L=>1, (2.47)
L=yJL(L+1)a=L% (2.48)
S=Ys, 2.49)
S=S(S+1)r=S""h (2.50)
J=L+S (2.51)
J=I0+)a=Th J=L+S,L+S-1,.,[L-S| (2.52)
J.=M,i -J<M,<+] M, =M, +M, (2.53)
1=2S+1 (L > S, usually)

(2.54)
1=2L+1 (L <SS, very rarely)
two electrons: J=j,+],,]; +1, — L], —j2| (2.55)

1 «\2
E=E, +5A(J J +gu,M,B (2.56)
% \2 % \2 % \2
g=1+(J) +(S*)2_(L) (2.57)
207)
E=E_, +AM, M, +g(M, +2M,)B (2.58)
E=E -gyunMB (2.59)
1 1.

E=E, +5E2{a+2b(M§ —E(J )ﬂ (2.60)
A-e =A" (2.61)
A+e =A (2.62)
A +e =A%
1(07)=-4(0) (2.63)
A+e =A" +2e (2.64)
M+e =M"' +2e” (2.65)
ABC+e =AB +C (2.66)
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A+hv=A*+e" (2.67)
A"+B=A+B"+e- (2.68)
A*"+BC=AC*+B+e- (2.69)
A*"+B=A*+B+e (2.70)
A"+B=A"+B" (2.71)
A"+B=AB*+e- (2.72)
X+ +M=X+M* (2.73)
X+ +M = XM+ (2.74)
XH*+M = X + MH* (2.75)
F=QE (2.76)
F=QvxB (2.77)
Chapter 3

ExX=XxE=X (3.1)
XxY =E (3.2)
Y=X! and X=Y! (3.3)
(AxB)xC=Ax(BxC) (3.4)
Y=7ZxXxZ" ie. X=ZxYxZ" (3.5)

_XE_ | Cosg - S 0 _ _Kl_

Fa| = | sme cos g 0 b

T3 I 0 | )

- - - - = = (3.6)
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X, Cosgp - st I p:d)
Y| = | smp Cos 0 b
3 0 0 -1 )
T - - T T (3.7)
Xj:il+2cos[2ngj p=12,..n-1 (3.8)
n
. h2 n n n e2 n N Zaez N N ZO.ZBeZ
Heo D VP42 D =20 ——+2. 0 — (3.9)
e i=l i=1 j>i G izl a=1 g a=1p>a  Lgp
S, = [ wiy,de (3.10)
X:%(I+A) (3.11)
species molecular orbital
1
>t 6, =——=\s, +1s 3.12
g g 2(1+S)( A B) ( )
. 1
Tt o, =———=\s, —1s 3.13
; m( A~ 1sp) (3.13)
1
v, =5[x(28)+ x(2p,)+x(2p, )+ (20, )] (3.14)
1
w2=5[x(28)+x(2px)—x(2py)—x(2pz)] (3.15)
1
y3= 5[x(28)— x(2p,)+x(2p, )~ 220, )] (3.16)
1
v, =5[x(25)—x(2px)—x(2py)+ x(2p, ) (3.17)
Sij=1 i=] (3.19)
H, =j\|;jﬂwjdr (3.20)
Hjj = o ifiandj belongs to the same atom (Coulomb integral) (3.21)
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H;j=p if 1 and j belong to neighbour atoms (resonance integral)

(3.22)
H;; =0 in all other cases (3.23)
[H-ES|=0 (3.24)
o—E B
B a-E|~ 0
(3.25)
Bxy =kxyB (3.27)
T=E =lip2=1 (3.28)
) 21 '
L=\JIJ+1r=T"" J=0,1,23,.. (3.29)
L. =M,i —J<M,<] (3.30)
h2
E, :EJ(J+1):B’J(J+1) (3.31)
. R
B =1 3.32
57 (3.32)
N
[=> m? (3.33)
i=1
I=pr? (3.34)
- (3.35)
my +m2
AJ=+1 and M, =+l (3.36)
~ Eri - Er j
v :’h—’JzB[(J+1)(J+2)—J(J+1)]: 2B(J+1) (3.37)
C
B h
p=2_ 3.38
he  8m’cl ( )
E, B'J(J +1)
N, =N,(2T+ l)exp(— k—yf) = N,(2J + l)exp{— %} (3.39)
Ap = Aa*E (3.40)
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AJ =+£2 for identical atoms (3.41)
AJ ==1,12 for different atoms (3.42)
E, =he[BI(J+1)+ (A -B)K’] (3.43)
E, =he[BI(J +1)+ (C - B)K?| (3.44)
E, = he[BI(J +1)+(4- B)K? ] (3.43)
E, = he|BI(J +1)+(C - BK?] (3.44)
AJ =+1 AK=0 (IR) (3.45)
AJ =+1,+2 AK=0 (RA) (3.46)
AJ =+1 (IR) (3.47)
AJ =+2 (RA) (3.48)
2 2
oo dz +lkq2 (3.49)
2udq” 2
1

E, = hv(v + Ej v=l12,. (3.50)
Av =+1 (+: absorption, -: emission) (3.51)

1 1)
E,=hv|[v+—|-X%x|v+—= (3.52)

2 2

3N-6 3N-6

2V =4n’c’ Y ViQ] 2T= > Qf (3.53)

i=1 i=1
2V =q'fq 2T=q4'g™'q (3.54)
2V =S'FS 2T=S'G™'S (3.55)
|GF-LE|=0 (3.56)

2 22 .

Xl. =4nc v l=1,2,...,3N—6 (3.57)
Q=LS (3.58)

10
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2 2
Fij: 0'E ] or fij:[ 0°E ] (3.59)
0s,08; ). 84,09, |
L
P= 1
I (3.60)
xj:il+200s(2n£j p=12,..,n—1 (3.61)
n
1
m, :Eanxj(R)Xij -, (3.62)
]
y-EB_KI__ b (3.63)
hc he 2m, cA’
A =alc (3.63)
A= j a(v)dv (3.64)
band
4
= A2 1n(10)~ 1.44x 10" x A dm’ em™'s'mol”  (3.65)
N,e
fo 4mmey b (3.66)
3he?
~CH, <-C,H, <-CH(CH, ), <-C(CH,), <-S" <O~ (3.67)

—F>-NOy >-0OH>-Cl>-NH, —-Br>-1>-C=0>-COOH >-CN >-SH>-R3N* (3.68)

—-F<-Cl<-Br<-0OH <-0OCHj3 <-NH; < -0~ (3.69)
—NO; > —CHO >—COCH3 > ~COOH > COO~ ~ —CN > —SO,NH, (3.70)
1 2
hv=5mev +1 (3.71)
hy = %mevz L1+ AE, +AE, (3.72)
n=S (3.73)
\%
vV =VA (3.74)
n=.eu =, (3.75)
E=E, exp{iva(t - %ﬂ (3.76)
C

11
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E=E, exp(— 2n£} exp{ﬁnv(t - EH (3.77)
C C
n=n-in, (3.78)
= Cll’lio a (3'79)
4nv
a
Ap, = 3.80
Po =TT (3.80)
n2-1M
3.81
MTh242p (3-81)
_PN
82
nz = - Z (3.82)
A9 =2m¢ 2t "k (3.83)
o] =22 (3.84)
fc
M]=10"M[a] (3.85)
Aa=o, —a, (3.86)
2
zvB = % (3.87)
2
_ mZV (3.88)
_ B%r2
m/z="35 (3.89)
5.7V
m/z= 0 (3.90)
2U
m/z="— 2 t2 (3.91)
2
]
m' 2 (3.92)
AE = +p;B—(-u,B)=2u,B (3.93)
hv=2ugB (3.94)
Amg = +1 (3.95)

12
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AE =+g, B
v, Va B
21

Y Y
=L B, =(1-0)tB=(1-
valop <(1-0)lB= (1o},

_Yapn _(1_\aRr_(1_
V—an(—(l G)ZTCB (1 G)VO

[=1+ 29
q2+J2

P, —P
Loy =l 1+—2 4 Yu |_y(14y)
P, + P, +2P, v,

@=2P(ne—n) n=N, -N_
dt
ne—n:(ne—n)oexp(—%j lei

(3.96)

(3.97)

(3.98)

(3.99)

(3.100)

(3.101)

(3.102)

(3.103)

(3.104)

(3.105)

(3.106)

(3.107)

(3.108)

(3.109)

(3.110)

(3.111)

(3.112)

(3.113)
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14

(3.114)

(3.115)

(3.116)

(3.120)
(3.121)

(3.122)
(3.123)

(3.124)

(3.125)

(3.126)

(3.127)

(3.128)

(3.129)

(3.130)

(3.131)

(3.132)
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Chapter 4

N
E,=E-2E, (@.1)

N N N N N
Eo=2 2 Ej+2 2 D Eyu+.+E 4.2)

i=l j=i+l i=l j=i+lk=j+1
N N
E;, = Z ZEU’ (4.3)
i=l j=i+l
Hy=H,+H +V=H"+V (4.4)
Eij = J-(P:(P?\A](Pi@jdf (4.5)
E,=E, +E] (4.6)
Im 4n | I~ I
i ZzariocYm (Sia’(Pia)_ij(rj )rJYm (Sj’(Pj ﬁrj 4.7)

21+1]
o Gl cl_d ¢

ij __R4 o RS o R RW (4.8)
n* d*y
_ = 4.
2m, dx’ *9)
v, (x) = explikx) (4.10)
k*h?
E. =
k 2m, 4.11)
kh h
[=hk=——=— 4.12
Nd A (+12)
N=N 2 (4.13)
) F1+ex (E_EF] |
Pk
2dsinaa=nA n=0,%1,%2,... (4.14)
E = E_F(s) (4.15)

15
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N N
F(s): ij exp(isrj): ij exp{i[ixj +£yj +izjﬂ
= = d d,”" d;

1
Ax =dsin 3

A(p=2n£=ﬁsin8
A A

Ap=4r X A S =123,
A
4nld, +d;)
A@U:Tsmé}:bm =123

16

(4.16)

(4.17)

(4.18)

(4.19)

j=12,..N (420



