Choplr 7+ Atomic Shucture
The Dunl Nodwe of the Electron

In oun discuasioms , we will consider The elochon in Hwo dl#mwf Lays *
(1) as a ,‘Da/\ﬁde, with. characteristic. mass and change
(:z) as a wave, Witk chaackushe ﬁ?mey which can undugo d{%x}m, like
lightt. |

This inderrelationship betweon parficle and wave behavior was Shoum it for
hakt and other electromaghehic rmdiahion.. E.q. Aight can Ke. desouded a0
o wave with charackushe wavelength (), freguoncy ()

c=Ay  whee c= speed of light = 3.00 *10° m/s
A= wavelength (m)

V= MMQL{ (s“ or cycles/s or H&)

However, in Some exponmestdy Suchao fhe M@b‘eﬁaﬁi‘c effect (Sechon 5-0)
light behaves like it wascomposed of pashcles, called photons, havurg
contaun amount of entrgy. {
| h
E=hy-= —ﬁg where E = enugy of a photm (J’/pheﬁm)
h = Plancks coofant, 6.63% 16°'Ts

Nsts. : Dequlie, i~ 1925 %qu}‘ fat olfun, panticlio Jike elechons might
alsor exhibit wave propeties unden te roht conddmo and gave us
‘H\@ helahonsk@p :

P

h
A= my where A = waddongth ()
wave- ke porhdle-like My= Mmass ot velocitiy, v (kg)

v = veloaty ("/s)
h= Plancks covotant (T7s)

Witk Hus eéwaﬁm, yow @n caladole The vmuquﬁi of a. base ball
or The masw of a ~P/’lo‘fm1.(rno\/m9, ofcouse, at Sfléc.d o-/,@q/d-)
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An obsewotion. wos made in 800 by Rydberg and offuns = when elochic cumord
wao passed Tough oo gao ot Jow pressure , emussion. lings were produced,
colled * brght Ane spectrn NOhe of fhe earher theones of the cdom
Conld accoumt 76” Ths.

Fohr (113) explauned Mus observation. with his theory of The adomn «
(1) Hhe afom has a number of definite disoele energy levels,
() an electron may moeve from ohe energy level o amother but '+ mudt
emct or absorb energy. (radiation.)

AE = hy
n ¥
Eneng :
l% ) G (® %d ' (o) ehergy s absorbed (as photem)
n, — !om%} @ly\oj\qy (b> %&m]y Iy Yﬂjf.aoﬁd CQ,S Pi@‘@ﬂ.)
e

Exozmpto,: If on otom absouks c\.')okoﬁm of greon hcyM (A= 5200 &)
() what s -ﬁ:ru&\mo\/ o‘f rodiodon,
() hoo much onerqy does The adom Qain, ¢

2,00 x 10% m/s

C |
A (5&00 A x ’Té_m}

= 53Fx)10% s

-1

(oy AE = 6b3%107¥ Ts x 53T IO s
= 383 x10™ T Jatom
OR.
83 %107 3T 6.02x 10 adome
A = 3 \7‘0}!%!\ X 1 ot = 230 x10° T/mo\

(3) electrons move in cireular paths (orbits) around the nuclous.
Their mehons are reshickd by Jaws of mechanics and elecrostahics.



Howerer, elictrons, afoms and molecules do hot behave like qolfballs, acconding
fo classical Newfoniam mechanics . We muot use o different kind of
mechamics ¢ QUANTUM MECHANICS - which freats electrons as waves /

An umdmlv«m? prnople of Quamtum Mechamics s the Hessenbuag uMCM'}Mnt{
(1983): M is impossible fo defrmine both The momemtm
(mass x velocity) and the posifion of amelectron ot fhe Same fume.

Measurement and the Uncertainty Principle

Whenever any measurement is made, some uncer-
tainty exists. Our experience with objects of ordi-
nary dimensions, like balls or trains or laboratory
equipment, indicates that the uncertainty of a mea-
surement can be decreased by using more precise
instruments. In fact, we might expect that the uncer-
tainty in a measurement can be made indefinitely
small. However, the uncertainty principle states that
there is an actual limit to the accuracy of measure-
ments. This limit is not a restriction on how well
instruments can be made; rather, it is inherent in
nature. This limit has no practical consequences
when we are dealing with ordinary-sized objects,
but its implications are enormous when we are
dealing with subatomic particles, such as electrons.

To measure an object, we must disturb it, at least
a little, with our measuring device. Imagine that you
use a flashlight to locate a large rubber ball in a
dark room. You see the ball when the light from the
flashlight bounces off the ball and strikes your eyes.
When a beam of photons strikes an object of this
size, it does not alter its position or momentum to
any practical extent. Imagine, however, that you
wish to locate an electron by similarly bouncing light
off it into some detector. Objects can be located to
an accuracy no greater than the wavelength of the
radiation used. Thus if we want an accurate position
measurement for an electron, we must use a short

wavelength. This means that photons of high energy
must be employed. The more energy the photons
have, the more momentum they impart to the elec-
tron when they strike it, which changes the elec-
tron’s motion in an unpredictable way. The attempt
to accurately measure the elactron’s position intro-
duces considerable uncertainty in its momentum,
the act of measuring the electron’s position at one
moment makes our knowledge of its future position
inaccurate.

Suppose, then, that we use photons of longer
wavelength. Because these photons have lower en-
ergy, the momentum of the electron 18 not so appre-
ciably changed during measurement, but its position
will be correspondingly less accurately known. This
is the essence of the uncertainty principle: There is
an uncertainty in either the position or the momen-
tum of the electron that cannot be reduced beyond
a certain minimum level. The more accurately one
is known, the less accurately the other is known.
Although we can never know with certainty the ex-
act position and motion of the electron, we can talk
about the probability of the electron being at certain
locations in space. In the next section we introduce
a model of the atom that provides the probability
of finding electrons of specific energies at certain
positions in atoms.

Brown + Lemy L

—W\em\@e we fotk abad the probabilily of finding am eiﬁd;m

In o certoln Space ;

An odomic obitol, s o req{cm. In spate where e

we resort 4o oo stahshcal Qpproad\

Probab 'ﬂ'y o

-Fmdvnq am elechon. is high. We “Hreat each elochm i am oo,
MQSW\Q wowe — a. awe That dogs not fowel amd hoo ot ket
ove Pﬁ\/vit where 1t hoo 2erc am\pﬂ,cbd.q,



The temets of Quamtum Mechanics ang
(1,Q)  simdar Yo Bohr mede
3) the allowed energy st of adomo and molecwdes cam be
descnibed by sels of numbers called Quontum rumbers
(solutions o the Schrodinger equafion. based on elechons ao wase- like,

Four Quardum Numbers| - uniqualy desoube each elactron in am afom,

. Prmuple %uom-fum nwmber (n) : describes the mdbr energy leve! andvelwme
——h=Yy of The region In which an eléctron
n= LQ,S""' é_::; 0 be—ﬁuﬂ\d‘

n=1

é? Subsidiary (or agructhal ) quartum rumber (L) : designales Fhe energy subleve
: and the qeometuc shape of the reqion
2

- O) I} 2,3 500 C (yp.)) OC—C-U.P‘led by O-/V\dECj?O'Y\.. 71’\&‘67@/1:
i l j, { ] s, p.d,f ore code letfers foo Shapes
P.d ¢ of obitals.

3. Mogrehe quomtm number (m,) : designates the spaal onestatrion  (hao
' He shape s onentd) of Hhe orbitad
g= =L, (-&+1), -+ O - 44

The number of voluws of m, is The rumber of orbils ina
porhcudar sublevel. eq when L= (refrurg fo p orbitabs),
mg= =1, 0 +l. There one 3 valuw of my , & Fhereon 3 p

4. Spn quartum number (ms) + refu o The spin and orientation. of T
: moqraic fald produced by the mofion.
Mg = +2Lf, T of the Qb.c;hcm i om bl .



The ﬁ}uﬂ‘ 3 quomtum nambers:  h, £, m, define am ofomic orbial.
All 4 %uwv:hym rumbis daﬁme am eloction in an orbital.

Buli Exclusion Rl/nu‘pl.o_ ¢ No tuo elochons in an ofom may have dowdrcal
sefs of 4 %uamﬁm\ navm bers,

And so we know :
« An adomic crbifal s the Probabaﬁi"/ of findng an elichon in a cnbun Spaca.
+ 1t ie defoned by The fiut 3 guantum numbers : n, 4, my
‘Each orbifol cam have no more than 2 elichons im it

(D) Leks look od the lowest Magor enngy Level. am eloction cam oacupy : n= |

S L omust be O smee L= O n-) and h-l = |-l =0

“mpmuwt be O s myz Lo Ot and £=0

Tus s o 1s orbial - The Is abibl s sphenial
A T condersd on the nucliua . Tre probaility

of frding om elechn s hoktst near nucluw,
The. moximum. rwmber of a/»«.eQad‘wvw ;oL W\a&ow eNAquCam hold
& colculoded by

maximum, H#es = 2nt = Q(QQ =0

@ The ned hughen maéor enogy Quoells n=2.  Therfore £=0 or 1

Ll o x | Netw: When £=1, there are 3
'®) - O+ volues of my and so There ane 3
.mL l l P OY‘b'd'ulS (PJ.) Pg) Pij' Bbd’ Px_
orbital &S ‘QPZL ‘QP'& pa dees hot recemoniy correspond 4o
n_{‘ &;O _7‘&1__1 - mg= -1, o uae Moy Say So only
- h=2 - for bookkeepmgs sake.

For n=9 , Mmaxmum #es = And = 2@ =8, . Th pobilaly are
 dumbbell shasped Fig 216 wik Px on Xoxs Pymyans, Pson 2 oxs,




@ The n=3 ma(}or&NAqy level : L cambe O o | o 2.

J) o \ L
my o) -0 4 -2 -1 O+ 2
orb{hl ;\35‘\\ 3P BP% 3?& ) de_%z 3d 3d 3dX2 3&12
ns3 Lz0 ; L= n=3 =

moxumum # es in h=3 erugy dwel = 2nt = 2(3)* = 19 es
The d orbifols ara shown Fo 715 Mumon'{)e.’

(@) The n=H maaoerAquﬂueﬂ L cam be Qo la
4s ‘/p 4
Wh&’\ [""3) m‘(= —33_91"’)0) +,ta2, +3

o

203
i af

The mouimum. # es in h=4 ervgy fwel = dn? = A4 = 32es
Refo. o Fig. 525 fo pictunes of *o fabdls- do ot memauige, anly appreciale

The SPin. Quasum numded, ms, .sas That each afomic bl (n, £, m,) con

have & eluctions, each spinnung i opposite duachims , cuatmg magretic
filds whick otflact each other

We are. how qo«}v\q To exomune. The efachoric shuctmes of duffunt elomerds
usimg FAir ground state (as oppesed to excrled stk ) electon confquration .
In bwﬂdxmq up ground Stite elechon Conflguiodions, we e HRe.
Aufbas Primciple, : which Says Yhat elochono fll oubitals from The Jowest
gy up.

+ e orbrfals incwase in entrgy with mm.oa.owg n (in goreral)
Within 0., enugy noase with. inwasing voluo of 4

s <p <o <-f ;P\&/\.qu,



