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Announcements

» Reminder: homework #6
— CHG end of chapter problems: 34, 39, 46, 62 and 65
— Due on Monday, Nov. 18, in class

* Reading assignments
— CHY7.6 and the entire CH8

* Colloquium at 4pm in SH101
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Physics Department
The University of Texas at Arlington

COLILOOQUIUM

THE SYNTHESIS, OPTICAL PROPERTIES, AND APPLICATIONS
OF NOVLE LUMINESCENT PARTICLES IN CANCER TREATMENT
AND RADIATION DETECTION

Dr. Lun Ma
Faculty Research Associate

University of Texas at Arilington

4:00 pm Wednesday November 13, 2013 room 101 SH

Abstract:

Luminescent materials emit light wmder extemmal energy excitation. In addition o illuminations 2nd hb!'Ln:. lumanescent materials hawve nlsc
incroasing attention as versatile fluorescent agents in developing new methods for Do and camcer reatment duc to t3
luminescence ..u‘n. soosnphysical propertoes. Comparing to other cancer treatment methods sach as surgesy. radiotherapy. hocrmmomal :h-:np_v amd
chemoth pyv. pootodynamic therapy (PDT) has less uncomSoriable o sade cffects and costs less. However, comventionz]l PDT treatmemes are
v limated in treating superficial cancess doe to the poor tissuc poenctration abilsty o bt Neow laght sources or photoscositizers for PDT
need to be developed to extend PDT foo ’:t;’.ln& turnors deeply s=ted In tissues. Here, for the first tome, we synthesared suaicc soliinic
aflergiow manoparticles as new PDT light source for deecp tumor treatment. Meanwhile, afierglow property enbhancerment and possible mechanisn
are also perfocmmed and discussed. On the other hand, a new PDT photosconsatizer 1s synthesized wh cam be efficiently actz ~ated by X.may while
the maditsonal PDT t.rugs cannot. As X.rays can Penoirate tesuos deeply. the new PDT modality using the N-ray excited phau—v-crx tixer can thus
be appliced for treating decp tumocs. lnlcrcs-lhs. matenal propertics and resulls w be mlked. Moccover, luminescence s 2150 = sensitive prob- for
madiation detection. A nowly observed Ight emissason fom our 258 doped pas = 25 shown and used to detoect radination doscs guants
=sing a foorescence intensity mtio meothod. The intense cmassioa ot only offers a very sensative method Sor madiatioa detection but alsc

a vicodet hight for sqisd stagc hbh.xn: amd codoo dasplays.
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Group Number

Reseasrch Group Members

Research Topic

Presentation Date and Order

Z.Citty, S. Lagerson,

1 , Michelson-Morley Experiment #6, Dec. 2
K. McElvain, J. Vellarreal
W. Brown, C. Hair, .
2 The Photo-Electric Effect #2, Dec. 2
R. Reyes, H. Zapata
R. Clark, M. Kruse, e .
3 The Unification of Electromagnetic and Weak Forces #3, Dec. 2
C. Nguyen, B. Watson
J. Bolton, J. Day, .
4 y Discovery of Electron #6, Dec. 4
B. Nuar,
J. Bowerman, C. McNutt, . .
5 , The property of molecules - the Brownian Motions #4, Dec. 2
M. Obiang, E. Perez
N. Boseman, V. Hopkins, L
6 p_ Black-body Radiation #1,Dec. 4
S. Moorman, S. Moriaty
E. Bainglass, J. Chavez, .
7 d Rutherford Scattering #3, Dec. 4
K. lzuagbe,
E. Blomberg, E. Duran, . . . .
8 , g, The Discovery of Radioactivity #1, Dec. 2
J. Grandinatti, R. Loew
P. Conlin, J. Guevara, . .
9 Special Relativity #5, Dec. 2
F. Islam, A. Nelson
G. Brown, G. Collier,
10 _ Compton Effect #2, Dec. 4
B. Ferguson, R. Subramaniam
1 K. Brackney, C. Dunn, Super-Conductivity #4,Dec. 4
S. Schroeder, S. Sheladia
Wednesday, Nowaddr, C. Jay, PHYS 3313-001, Fall 2013 , 4
12 9013 J / Thsdisepysty y the Higgs particle #5, Dec. 4
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Solution of the Schrodinger Equation for Hydrogen

* Substitute y into the polar Schrodinger equation and separate the
resulting equation into three equations: R(r), f(6), and g(¢

Separation of Variables

* The derivatives in Schrodinger eq. can be written as
dy_ R W o Dy o
o %or 26 %30 200 9¢°
. Substltutlng them into the polar coord. Schrodinger Eqg.

fg J ( ) Rg ( of j Rf d'g  2u
60— E—-V)R 0
r’ or ' or +r2 sinf 00 sin 00 +r sin” @ 0¢° h2( JRef =

* Multiply both sides by r? sin? 8/ Rfg

) . 2
sin OB(FZBR)+Sln9i( af) 1d°g 2‘ur231n 20(E-V)=0

R or\ or f d0 00 ) g o¢’
sin” @ o 28Rj 2U 2 sin@ o ( . ij 1 0°g
i = — ‘O(E-V —| sinf— |=—
RE0igaNIZe R ar(r or h* sin” 6 ) f d6 - 00 ) g d¢°
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Solution of the Schrodinger Equation
e™? satisfies the previous equation for any value of m .

The solution be single valued in order to have a valid solution for
any o, which requires g(¢) = g(¢+2x)

g(0=0)=g(p=21) [y =™

m , must be zero or an integer (positive or negative) for this to
work

Now, set the remaining equation equal to —m ,2 and divide either
side with sin%0 and rearrange them as

2
li(rza—R}z‘f (E-V)= ml : ( af)
or h sin@ fsin@ 06 06

Everything depends on r on the left side and & on the right side of
the.equation.
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Solution of the Schrodinger Equation

Set each side of the equation equal to constant £ (£ +1).
— Radial Equation

2 2
%;(ﬁa’?)ﬁ“r (E—V):l(l+1):>i2i( dR)+2—“[E V—h—l(1+1)} ~0
r

or h? h*

ro dr dr

24

— Angular Equation

zmg \21g 9 m’
9(211169) (H—]):l’ ! d(sm@jj;j [l(l"'l) }f 0

NXS | 9\£ sin6 dO sin”

Schrodinger equation has been separated into three ordinary
second-order differential equations, each containing only one
variable.

... PHYS 3313-001, Fall 2013 7
Dr. Jaehoon Yu

Wednesday, Nov. 13,
2013



Solution of the Radial Equation

* The radial equation is called the associated Laguerre
equation, and the solutions R that satisfies the appropriate
boundary conditions are called associated Laguerre
functions.

» Assume the ground state has £ =0, and this requires m , =
0

We obtain ——(r —j+—[E—V]R:O
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Solution of the Radial Equation

Let's try a solution R = Ae”""* where A is a normalization constant,
and a, is a constant with the dimension of length.
Take derivatives of R, we obtain.

1 2 2ue’ 2 11
;T thE + - 2 -=0
a, h dme,h”  a, )r

To satisfy this equation for any r, each of the two expressions in
parentheses must be zero.
Set the second parentheses equal to zero and solve for a,.

dme,h’ .
ay = > Bohr’s radius
Ue
Set the first parentheses equal to zero and solve for E.
E=— n” ~=—E,=-13.6eV Ground state energy
2la, of the hydrogen atom

Both equal to the Bohr's results
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Principal Quantum Number n

* The principal quantum number, n, results from the
solution of R(r) in the separate Schrodinger Eq. since
R(r) includes the potential energy V(r).

The result for this quantized energy is

r__H 2 )1 E,
" 2\ 4reh ) n n

* The negative sign of the energy E indicates that the
electron and proton are bound together.

RSLTY
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Quantum Numbers

* The full solution of the radial equation requires an

introduction of a quantum number, n, which is a non-zero

positive integer.
* The three quantum numbers:
-n Principal quantum number
— £ Orbital angular momentum quantum number
- m,  Magnetic quantum number
* The boundary conditions put restrictions on these

-n=1,223,4,... (n>0) Integer
-£=0,1,2,3,...,n—1 (£<n) Integer
-my=-{,-t+1,...,0,1,...,¢6=-1,¢t (Im ={) Integer
* The predicted energy level is g = _E_g
n

Wednesday, Nov. 13,
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Ex 7.3: Quantum Numbers & Degeneracy

What are the possible quantum numbers for the state n=4 in
atomic hydrogen? How many degenerate states are there?

A~ B~ B B S5

.|.
+1, +2
J+’!+21 +3

The energy of a atomic hydrogen state is determined only by the
primary quantum number, thus, all these quantum states,
1+3+5+7 = 16, are in the same energy state.

Thus, there are 16 degenerate states for the state n=4.
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Hydrogen Atom Radial Wave Functions

* The radial solution is specified by the values of nand 2
» First few radial wave functions R, ,

/7.1 Hydrogen Atom Radial Wave Functions
n 4 Rnf(r)
2
= iy
: " (@)=
( 7,) e—r/?ao
2 0 = —l=——
a ) (2ay)>*
r 6—7/2110
2 I N T
ay V'3(2a,)
1 2 % 72 ) .
3 0 97 — 18— + 2— |/
(e 81\/§( a e e
1 4 N
3 1 5 — = ||=q 7%
(@ 81\/6< do) ) ‘
3 9 1 4 r? =i
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Solution of the Angular and

Azimuthal Equations
* The solutions for azimuthal eq. are ¢™¢ or e ™

» Solutions to the angular and azimuthal
equations are linked because both have m,

* Group these solutions together into functions

Y(60.0)=f(6)g(9)

---- spherical harmonics
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Normalized Spherical Harmonics

. 2 Normalized Spherical Harmonics Y(6, ¢)

€ mye l’(frng
O (0] L
N
1 0 . 0
> = cos
1 == ! = 0 =t
Si= = sin 6@ ¢
Z 2ar
1l 5
2 (o) Al —(3 Toes (1 = 1]
15
2 sl +— sin 6 cos 0 ¢*
1 e
2 =2 — sin? @ ¢-2
3 0 —\/7(5 Sre gt [ — B ecar) (1))
s 21 =
3 ==l +— = sin g(blcoss 0 — l)e—’¢
e
1 105 .
3 ==, Z S sin? 6 cos 6 -2
1 35
3 Si=3) F—+/—sin® @ 3¢
8 e
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Ex 7.1: Spherical Harmonic Function

Show that the spherical harmonic function Y11(0,4) satisfies the angular
Schrodinger equation.

1 [3 .
Y11(9,¢)=—5\/E8m96¢= Asinf

Inserting / =1 and m, =1 into the angular Schrodinger equation, we obtain

.1 i(SinedYn)+[l(l+l)— .12 }Y Li(sin(9alY”)+(2— _12 )YH
sin@ do do sin” 6 sin@ do do sin” 6

- .A i(siné?dL:;IelH)+A(2— : )51n9—ii(81n90039)+A(2— 12 )sin@

sin@ d6 sin” sin@ d6 sin” 0
1
= .A i(lsin249j+A(2— ,12 jsin@z _A 00829+A(2— — jsin@
sin@ do\ 2 sin sin@ sin” 6
—,i(l—zsinze)w(z— ,12 )sin@z 4 —2Asin9+A(2— — )sin@zo
sin@ sin sin@ sin
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Solution of the Angular and Azimuthal Equations

* The radial wave function R and the spherical
harmonics Y determine the probability density for
the various quantum states.

* Thus the total wave function y(r,0,») depends on n,
£ ,and m ,. The wave function can be written as

WV im, (r.0.0)=R, (’”)Yzm, (6.0)
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