Solutions of Problem sheet PHY6014- CHEM 6111

1. the volume, V, of a sphere is given by:

4
V=§T[R3 (1)

where R is the radius of the sphere.
The diameter, D, of a sphere is:

D = 2R
We can write the volume as a function of the diameter, D:

V_4 R3_4 (D)3_7TD3 )
—3™ T3™\3) T 7% (2)

The density of a material, p, is defined as its mass, m, per unit volume, I

P=7 3)

Replacing the volume, given by (2), in (3) and rearranging the equation in order
to m:

~m_m 6em
P=v=7D3 " 7D3
. 6
D
m="—t @

The Avogadro constant, Ny, is by definition the number of atoms in one mol, i.e.:

1 mole Na atoms
n mole per nanoparticle N atoms per nanoparticle

Thus, the number of atoms per nanoparticle, N, is equal to the number of moles
per nanoparticle, n, multiplied by the Avogadro constant, N4

N =nN, (5)



The molecular weight, My, is:

M, =— (6)

n=_- (7)
replacing the number of moles per nanoparticle, given by (7), in (5) we have:

m
N:nNA :M_NA (8)
w

Using the mass, given by (4), in (8) we can write the number of atoms per
nanoparticle as:

v ™y _mD?%p
M, *T 6M,

Ny €)

2. The concentration of nanoparticles, C, is given by:

C—n 10
=7 (10)

where, n is the number of moles of each nanoparticle and V is the volume of the
nanoparticle.

The number of moles per nanoparticle, n, is equal to the ratio between the total

number of moles of gold atoms in solution, nr, and the number of atoms per
nanoparticles, N:

n
n=-— (11)

replacing (11) in (10):

c=21 12
=V (12)



1 mole N4 atoms
nr moles in solution Nt atoms in solution

Thus, the number of atoms per nanoparticle, Nr, is equal to the number of moles
of gold atoms in solution, nt, multiplied by the Avogadro constant, Na:

Ny
NT = nTNA (=4 TlT ES N_ (13)
A

replacing (13) in (12), we can write:

C= nr Ny
NV N4NV

c=_r 14
~ NVN, (14)

3. Combining the following equations:

I
T=—=10"%=10"%¢
Iy

A= —log,o(T)

and using the definition of logarithms, we can write:

I
A= —log,o(T) = —logio (I_)
0

I
A= —logy, (1—) = —l0g,0(1078%) = €lc
0



3.1. using the Beer-Lambert equation we have:

Al = £1lC1 (15)

AZ = €1lC1 (15)

Dividing (15) by (16):
A &lo
A, glc,

Since nanoparticles in both solutions have the same size, €; = ¢,, and thus:

Al £1lC1 C1 AZ
— = = & CH) =C01—
2 ! A;

A,  &lc, o

Knowing that ¢;=5 nM and using the given values for A; and Az:

A1=37
A, =41
4 5.0 4.1 5.5 nM
=¢—=50x-—==>5,
2= ay; 3.7 "

4. Knowing that:

4 3 2
AG = §m‘ AG, + 4ntrey (15)



The derivative of (15) is:

dAG
dr 3

r*(4nr*2AG, + 8nry) =0 r*=0vr* = =2

and thus the critical radius is:

y
AG,

rr=-2 (16)

Replacing (16) in (15) we have:

5. Knowing that:

2 2

h e
Ey(d) = Eg(bulk) + -——— 1.8 Treed

h=6.6261x103* J.s

e =1.6021x10"° C

€cdse = 9.8

€0= 8.854x10* C*/N/ m?
me = 0.13mg

my = 0.40mg

y
AG,

(17)

4
= =3nr*2AG, + 4 X 2nry = 4nr*?AG, + 8nry = 0 &




we can calculate the reduced mass of the exciton, m*:

1 _1 1 1,1 0.53 0008
= — —_—= = f=—1 = ().
m—m, m, 013m,  0.40m, 0052mg Mo

mo = 9.1095 x10! kg

m* = 0.098 my = 0.098 x 9.1095 x 10731 = 8.927 x 10732 Kg

Using eV = 1.602x10*° J, we can calculate the bulk value for the energy gap for
CdSe quantum dots in J:

Eg (bulk) = 1.74 eV = 1.74 X 1.602 X 10719 = 2.79 x 10719

Replacing in (17), we can calculate the energy gap of a spherical semiconductor
guantum dot with 5 nm of diameter:

2 eZ

- 1.8
2m*d? 2meeyd

E,(5nm) = E4(bulk) +

(6.6261 x 10734)2

=279 %1071
+ 2 X 8.9364 x 10732 x (5 x 1079)2

L8 (1.6021 x 10719)2 3
T2 x5.8x%x8.854x10°12x5x%x 1079

=279%x1071% +9.83 x 10720 - 2.86 x 10720 =

=3.49x 10719 =

_ 3.49x107'8
"~ 1.602 x 1019

eV =12.18eV



Identically to a spherical semiconductor quantum dot with 3 nm of diameter, the
energy gap is:

2 eZ

E,(3nm) = E,(bulk) + T dZ 1.8 Fmeed

(6.6261 x 1073%)?
2 X 8.9364 x 10732 x (3 x 1079)2

=279 %1071 +

» (1.6021 x 10719)2 B
2T x5.8x8854x10-12x3x%x 109

=279%x 10719 4+273x1071° -477 x1072% =
=5.04x 1071 =

_ 5.04x107%°

“Teozx 10w o =35V

Units’ verification:

2 2

h e
E,(d) = E,(bulk) + — 7~ 18 Treend

Eg(d) < ]

E,(bulk) o< ]

Taking into account that: ] = N.m =

hZ (].S)Z ]252 ]2 ]2
[0'q = = = — = ]
2m*d?  Kg.m? Kg.m? Kg.m? ]




6. The surface energies of the low-index crystallographic facets are:
&
Yooy =4 (;) (18)
&
Y110} = 3v2 (E) (19)

Yia113 = 2V3 (%) (20)

Dividing (19) by (18):

Y110 2
L1 ea =106 ©y110y =1.06 Y100 = Y110} > Y100}
oo~ ()

Dividing (18) by (20):

Y{100} 4 (%)
= =~ =1159 vao0 = 1L15¥a113= Yooy > Y11
Yain 2\/§( )

a?

Ifym10>Ypooandygoo > Y11y -

Thus, the energetic sequence is:

Y110} > Y{100} > Y111}



