
~~~J~~IJo~~~~I  (Atomic Structure)
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FE = Ee (3.3)

FH = Hev (3.4)

Hev = Ee

v = E/H

ttnudl  v AJbw.JnlT  (3.2) iis:%

E
e /m=  -

H2r

fh%id~1~6 e/m = l.iTgx1011  C/kg

t~anTlwi2  e/m t;7  m uaJ~t8ncjl-raua7oAlu?rwM7ri

m = de/, = 1.602x10-‘9 C/l  .759x10’ ’ C/kg

= 9.118x10-3’ kg

‘lug  ‘&PI.  1 9 0 9  a&a hfttnu  (R.A.Millikan)  ~~~lnl3nnaaJHl~l~T~~~aJ

~t~nnsauaJ~1~Tr?QtIn”~a~~~n~~~~~~~  (t%nnwNIaaJ~‘h  Millikan’s oil drop

Experiment) 6J;idd  3.6
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Oil droplets
I

Telescope fm
viewing oil droplet

(t-j-

C-)--J

X rays

;Single oil
drop
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w~T-IY~~  3.1 a~nlflft~Ylblml~naJln  wan Quarks LrarLeptons

Down

Charm

Strange

Top

Botton

-I-

IJ -5

d 1 -10

C 1500
I

s -200

t ~100,000

t

i
b 1 -5000

-l/3

+2/3

-l/3

+2/3

-l/3

T-

-L

&I

Electron
neutrino

Electron

Muon
neutrino

Muon

Tau
neutrino

Tau

Leptons

-0

0.511

co.27

105.7

<35

1784

lhq

0

-1

i

0

- 1

0

-1
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Scintillation screen18

Lead block
(for shielding)
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3.6 &h~~kh~~~~  (Electromagnetic radiation)
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A Cm) 10-13 10-l’ 10-s lo-’ 10-S 10-3 10-J

~h~~~~h”:i~~~~~~~th

r------------- : L-------------

I visible light i
violet b lue g r e e n  y e l l o w  o r a n g e red

I I I I I
x (nm) 4 0 0 5 0 0 6 0 0 700 6 0 0
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E = hv

h = ciln~?hiS~6  = 6.63~10-3~  J.s

v = Fl?lJJi%laJllFfJ
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nmJ"l~"iw  (ml)
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= (6.63~10 -34 Js)(3.Ox  IO8 ms-')
360x  lO-10m

-7.52~1O-'~J

$mv*=  5.5x10-18J-7.52x1~gJ

= 4.77x10-'*  J
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V= i = 109,678 (4-t)  cm-1
nl “2

= R (‘--!-)  cm-1
n;  n;

cil 109,678 t%Inii  fil~J?iuaJh~ain

n1  LL%  n2  til~lMilU?Ml~.U  LLR:.  n-2 > nl

*=
“=
“=

“=

“=
red

CM 111 8 1



E2 - El = hv
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(3 .4)

idltYilFilJ  mv2h

‘mv:!  Ze’-=-
r2

(3 .5)r

MPfa
Ze2v2 = ~ (3 .6)
mr

hlWlIaJwn”JlUWt  (K.E.)

K.E.  = ;mv2 = km
2 *

(3.7)

-3-m mvr  22  *
27r

(n = 1,2,3...)

n hv=-
2mlr

(3.8)

2 n2h2
v =

47c2n12r2
(3.9)

ttnwii  ~2  11.4  (3 .5) ?x
n2h2 Ze2

r &ZmZr2  = -2r

(3 .10)
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~$8  e = 1.60x10‘19 C = 4.8x10-10 esu.

m = 9.1x1O-31  kg = 9.1x10-28 g.

~~kij,aJ?Jr~~l~uaJreilnrtau  (Z = I) fhihiqn6atdo  n = 1 BwiCii r IGia

(l)*  h2
r =

(6.63x10-*'erg-set)*

4z2tne2
=

4(3.14)2(9.1x10-28g)(4.8x  10-10esu)2

= 0.529x10e8  cm

= 0.529 A

(6.63x  1O-34 Js)*4~(8.8542x10-'*C*N-'m-*)
=

47r2(9.1x10-3'kg)(1.6x10-'9C)2

= 0.520x10-10 m. = 0.0529 nm = 0.529 A

= 52.9 pm da  1 picometer(pm) = 10-l’  m.

:.
”

WAJJlUT’)U  (Etotal)  = K.E. + P.E. = fmv*  +(-$)

mnm.!nl~  (3.7) tTl!&  K.E. = zez
2r

(3.11)

(3.12)

z-e*  .ze* ze2:.  Etotal = -w-z-------
2r r 2r

(3.13)
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ttnwii r mn (3.10) Ita (3.13)

h4Wnl3  (3.14) E, =
-2n2me4

h'

lUWri?U  C.G.S. e = 4.80x10-10 esu, m = 9.1Ox1O-28  g, h = 6.63x10-27 esg.sec

El = -2(9.10x10-28g)(3.14)2(4.80x10-'0esu)4
(6.63x10-*'e~g.sec)*

= -2.18x10-llg  (esu)4  erg-2 sea2

El = -2.18~10~~~  erg = -2.8~10-18  J.

= -13.63 eV

fmRiu3mIu~ti7o  .sI

CM 111 85



-2(3.14)2(9.1  lx 10-3’kg)(1.60x  10-‘9C)4=
(6.63x  10-34J.~)2(4x(4.134)(8.8542x10-‘2C2N-’~-2))2

= -2.18~10~18  kgm2S2

= -2.18x10-18 J [’ . ’ J = Nm = kgm2sS2]

= -13.63 eV

Ez-Ej  =

v  =  3.29x10 H z  (Hz=cycles.sec-‘)

(3.16)

G= 2x2me4  1 1

i I
---7h3c(4xe,)’  nf  nj
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Series nl
Wavelength of first

Series Line (AO)
Region of Spectrum

Lyman 1

Balmer 2

Paschen 3

Bracketi 4

Pfund 5

2, 3, 4, 1,216 or 121.6 n m Ultraviolet

3,4, 5, . 6,563 or 656.3 n m Visible

4, 5; 6, . . 18,751 or 1875.1 n m Infrared

5, 6, 7, . . 40,500 or 4050.0 n m Infrared

6, 7, 8, . 79,980 or 7998.0 n m Infrared

l
-1312

El=-..---  =
l2

- 1312 kJ moi’  (Mya -13.60 eV)

-1312
E2=  - =m

22
328 kJ moi’

i-h4 rl = 12x0.529x10~10  = O.529xlO-1o  m

r2  = 22x0.529x10-lo  = 2.116x10~l”  m
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2.179x10-16  cpiaa:maaJ
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n h
mvr = -

2ff

2xr  = f = rd.

CM 111



hGqn%4 h=
6.63x  1O-34  J.s.

(25x10-3kg)(9.00x102ms-‘)
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I. 0ami Ax = O.Ol’A  = O.OlxlO~lOm.

p = mv = 9.1x10-31 kg x 106m.s1

= 9.lxlO-25  kg.ms-l

hl4n
oln Ap = - = 6.63 x 1O-34  J. s.

Ax 0.01x  lo-lo 111  4x4.314

= 5.28~10-2~  Jm-1s

= 5.28~10-~~  kgms1

CM 111 9 1



$. = dJf%WlbU  (wave function)

E = W~JJ1WiX.J  (total energy)

V = Wn”jJlW6linu”  (potential energy)

m = umuaJi%nmau

Z

k  Y> z)
wr, 0  4) = R(r)  Ye, 4)

(r,  8.  $, R(r) t?fmili?ur%%~  (radial part)

Y(0,  4)  Psun  i?utBJyU  (angular part)
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I 1012345

%aaiihaa s p d f  g h

<JI.fl.t  $1 I = 0 t%nil s-orbital I = 1 t%Jn~l p-orbital 1la:da  7 Ati

‘luaa%atWilJ  q hi1  n tbu?n”M  ah%nii shell R~~lfndfil  I ($Jison

subshell) Fivi75 q t?jU  shell d&i7 n = 2 LknaU6xI  2 subshell  fa  I = 0 LLB’.  1 aJl%l

2s ll~r  2p  subshell  Il.4  shell ~&I?~~~w%w~JJIu subshell  t~~J~l~~~ln~a~~~~ln~J~

s<p<d<f<g

3 . lalJmau&Jlla.ilvi&l  (Magnetic quantum number) M”ra  “ml”
, I

-I,  (-l+l)  . . . . . 0 . . . . . . (+1-l),  +I

da I = 0 ml %iitbua+ia  0

I = 1 fil ml .GiiIGi  ((2x1)+1)  = 3 Fi7  Go -l,O,+l

I = 2 f-i7 ml ddi!Zi  ((2x2)+1) = 5 fi7  iia -2,-1,0,+1,+2

ht1Mhl11aJ ml PtuanBiMauuaJaajii~a~~~  subshell  uaJll&wil  I lh

‘llmd  I = 0 ti  ml ~m’l~UJdll&I?t%n~l  s subshell  dlhJ 1 aa~hat7
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1 1
m, = +- Mya --

2 2
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1 0 0

2 0 0
1 ’ +1,0, - 1

3 0 0
1 +1.0, - 1
2 +2, +i.o,  - 1 , - 2

4 0 0
1 +1.0,  -1
2 +2, fl.0. - 1 . - 2
3 -t3. f2. +1-o. - 1 . - 2 , - 3

IS

2s
2P
3s
3P
3d

4s
4P
4d
4f
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Is 3 s
n=3,1=0

,. : 1”  ..lcl,

WI

I  I

I 1 I
I I I

(77) .*,: L $2 rNode G. II;_*'

r r r

z .?

Y
*

x Y ‘x Y x

2P.t 26

pk  3.20 @htnbrnaJ  p-orbitals

2Pz

CM 111 97



98 CM 111



F

I
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- -

__~

__-
1I

-.L.-1
1 1_____

1
1

11

1.7'

IS2
lS'2S'

19 2S2

lSZ2SZ2p'
lS~2S~2p~

Is2 2SZ  2p”

lSZ2S'2p'

lS'2Sf  2pJ

lS'2S'  2p6

102 CM 111
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Atomic Electron Atomic
number Symbol &mtiguration number

I H
2 H e
3 L i
4 B e
5 B
6 C
7 N
8 0
9 F

IO Ne
I I Na
1 2 W3
13 Al
14 St
I5 P
1 6 S
17 C l
I S AI
19 K
20 Ca
2 1 SC
2 2 T i
2 3 V
2 4 CI
2 5 Mll
2 6 F e
2 7 CO
2 8 N i
29 C U
3 0 Zll
3 1 Ga
3 2 G e
3 3 A S
3 4 Se
3 5 BI
36 Kr

IS’ 3 7
ISI 3 8

[He]2s’ 39
[He]Z? 40
[He]2s22p’ 41
[He]2s’2p2 4 2
(He]2?2p’ 4 3
[He]2s’Zp’ ‘44
[He]2$2p’ 4 5
[He]2s22pb 4 6
[Ne]3s’ 47
[Ne]3s’ 4 8
[Ne]3s’3p’ 49
[Ne]3r’3p2 5 0
[Ne]3?3/~’ 51
[Ne]3s23p’ 5 2
[Ne]3s’3pS 5 3
[Ne]3s*3p6 5 4
[Ar]4s’ 5 5
[Ar]4s’ 5 6
[Ar]4sz3d’ 5 7
[Ar]4?3d2 5 8
[Ar]4s23d’ 5 9
[Ar]4?3d’ 60
[Ar]4s’3ds 61
[Ar]4s23& 6 2
[Ar]4?3d’ 6 3
[Ar]4s*3ds 6 4
[Ar]4s’3d1” 6 5
[Ar]4?3d” 6 6
[Ar]4?3d”4p’ 6 7
[Ar]4$3d’04p2 6 8
[Ar]4sz3d’04p’ 6 9
[Ar]4s23d’04p4 7 0
[Ar]4sZ3d’04pJ 71
[Ar]4s23d”4p6 7 2

Svmbd
Electron
contieuration

Rb
Sr
Y
Zr
Nb
M O
T C
RU
Rh
P d

A8
Cd
Ill
Sn
S b
Te
I
Xe
CS
Ba
La
Ct2
PI
Nd
P m
Sm
EU
Gd
Tb

DY
H O
Er
T m
Yh
LU
Hf

[Kr]Ss’
[Kr]Ss*
[Kr]5$4J’
[Kr]5s’4dz
[Kr]SsW
[Kr]5s14d’
[Kr]5$4dJ
[Kr]5s’4d7
[Kr]5s’4dg
[Kr]4d”
[Kr]Ss’4d’”
[Kr]Ss%f’”
[Kr]5$4d’05p’
~Kr]5s*4d’05pz
[Kr]5s%d’O5p’
[Kr]5s24d’05p4
[Kr]5s24d”5p’
[Kr]5s24d’05pb
[X+s’

rxew
[Xe)6?5d’
[Xe]6?4/‘5d
[Xe]6?4/-’
[Xe]6sz4p
[Xe]6$4f
[Xe]6?4/6
[Xe]&c’4/’
[Xe]6s”4f75d’
[Xe]6?4~
[xe]6s~4f’”
[Xe]6?4/”
[Xe]6?4/‘*
[Xe]6s’4/”
[Xe]6?4/‘”
[Xe]6s24f’“Sd’
[Xe]6?4f’45dz

Atomic
number Svmbol

Electron
contieuration

7 3 T&l
7 4 W
7 5 Re
7 6 OS
7 7 Ir
7a PI
7 9 A U
8 0 H8
81 TI
8 2 P b
8 3 B i
8 4 PO
8 5 Al
8 6 Rn
a 7 Fr
8 8 Ra
8 9 A C
9 0 Th
9 1 Pa
9 2 U
9 3 NP

9 4 Pu
9 5 Am
96 Cm
9 7 Bk
9 8 C f
99 E S

100 F m
101 Md
102 No
103 Lr
I04 Unq
1 0 5 UnP
lo6 Ullh
1 0 7 UIIS
1 0 8 Uno
I09 Ulle

*The symbol [He] is called the helium core  and represents Is’.  [Ne] is called the neon core and represents ls’2s’2p”.  [AI]  is called !he  orgon  core  and
represents me1323P6.  [Kr]  is called the bpron  core  and represents [Arp?3d”4p6.  [Xe] is called the xenon core and represents [Kr]5s’4d”5p6.
[Rn] is called the radon core and represents [Xe]6s*4/‘45d’06p6.
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p q &I(n+2)

CM 111 105



4f I
m

1 0 6 CM 111



‘m11$% t&m Rb(Z=37...(Kr]5s1)  ttax  Sr[Z=38..[Kr]5s2)  W&.t~Jtiht

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  4 d  subshell  &%z&t%JQVI  Y

(Z=39...[Kr]4d15s2)  wn”J  Cd(Z=48..[Kr]4d1°5s2)  ttaz%~%fJnlY~  5 $2~  niW?i?J

~&WmtaJ~I.t  5p-subshell  ~UmOln  ln(Z=49)  $J  Xe(Z=54...[Kr]4d105s25p6)  .%a

t?Jtnmi?\W+WJti 5 u”  4f-subshell  u’3ilJraj;‘,t~n,,a,,,T9rAu

2un-w~  6 d tkh-m~Ju7n~~~au~u  tdaJ~lnaa~~~aa~nl5$a~~~

fikJln&4  t%JFllnlil~  2 cjr?ttsnh s-block &I  Cs(Z=55...[Xe]6s1)  ~1%  Ba(Z=56...[Xe]

6s2)  da~ln~~iii7r~uu~~~~~~~~n~~ntal~~l1tdaJPln~~~~;illw~JJl~~aJ  4 f  11~:  5 d

subshell  ~n&%JJn’uaJln  ?&nmm&Ni8Ul  (WIJ  La Z=57)  f$wyRJ~U  5d-subshell  ($J

h-4  La fdhIslu~~u)  ttFi”at8nmau~‘Ii?$in~~  (lIaJ  Ce Z=58)  gnthJaJ%u  4f subshell

4f145d16s* Lla=~L~n~saupr~nu~~?9u  Sd-subshell  wLk.JmJ%lrjaywn~~~u

O~fmJd  3 &I Hg(Z=80...[Xe]4f145d106s2 ttRrain~~BtWnmsauaruTT?aJZu  6p

subshell  mmIs$  81 (Te)-86(Rn)  ilu~utllu~  6
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n.

1)

2)

3 )

4)

5)

‘3)

7 )

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)
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21)

22)

23)

24)

25)

26)

27)
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