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Outline

1. Types of zb-NCs investigated, surface faceting vs. energy
2. Key Variables — Significance and Usage

3. Graphical Description of zb-NCs: Symmetry Arguments

4

. Hands-on Examples:
4.1 Derivation of Number Series for 111-Faceted Octahedral zb-NCs
4.2 A Glimpse on 111(dominant) -001 Faceted Quatrodecahedral zb-NCs

5. Applications
5.1 The Ratio Nig/Ny,q: Stress balance Between zb-NC and Embedding Matrix
5.2 The Ratio Nig/Nyc: Interface Dipoles, Interface Charge Transfer (ICT)
5.3 The Ratio N,%"/N,c'""": Detecting Quatrodecahedral NC Shape/Size by EPR
5.4 The Ratio N,,o/Nnc: Response of zb-NCs to External Stress

6. Conclusions
For details and respective number series, see
AIP Advances 6, 085306 (2016) [DOI: 10.1063/1.4960994] {open access}
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Surface Energies & Densities, Size Derivation
Wefocus on S| based NCS results are valid for zb- and dlamond Iattlce NCs

zb NCs descrlbed (a) {001} -faceted cube, (b) {111} faceted octahedra
(c) {110}-faceted dodecahedra, (d) {111} pyramids with {001} base,

(e) {111}-faceted tetrahedra, (f) {001}- [dominant]/{111}-faceted
quatrodecahedra, (g) {111}- [dominant]/{001}-faceted quatrodecahedra

TABLE I. Bond densities and free energies per square for low index Si facets. Bond density values

26

taken from?”, experimental surface energy values taken from?°.
T T - {111} facets have lowest surface energy,
{001} facets have 2"? lowest surface energy

orientation|density [cm™?]|energy [Jm™?]

{001} 13()>< 1015 E 36 ]0) to {433} facets[?5.26] 5 {1 11}, {001} and
110} | 0.96 x 10 {110} facets most relevant for NC surface
(111} | 0.78 x 101 SAEE el 6

dNC [Z] =y ENNC [l] X ‘/atom

[26] PRL 70, 1643 (1993) assuming spheres to compare different NC shapes

[25] J. Electrochem. Soc. 140,

* NC size from atomic volume,
1080 (1993)
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2. Key Variables Derived for zb-NCs:
Significance and Usage

lated over run index i:

# Nycli] — number of
atoms forming zb-NC

# N, 4[] — number of bonds _ ‘ _

& 8 111-Tetrahedron 001-111-Pyramid

between Zb'NC atoms P Atom colours in zb-NCs refer to

# N”:[l] _ number Of bondS | no one two three interface bonds per atom
from zb-NC to its environ- :
ment = interface bonds

» further very useful results:®
# Nyqlil /Nncli] — NC res-
ponse to external stress
like impurity doping

# Nig[i] /Ny 4li] — internal vs
external stress balance, &
SHOR NC Shape as f(dNC) : wf‘.h Ngbe[i] = 84®  Atoms Forming Zinc-Blende Nanocrystal (zb-NC)

# Npgli] /Nycli] - Ir.]tencace 4= Newbel] — j[(4i — 2)(4i — 1) + 1] Bonds between zb-NC Atoms
charge transfer, impact on ;

electronic structure of NC e 3] =6 [[25 1< au=1| Interface bonds of zb-NC
For any NC spectroscopy technique: PL, Raman, EPR, XRD, APT, TEM, EL, etc.
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3. Graphical Description of zb-NCs:

Symmetry Arguments

No |IF bond 3 |IF bonds
(a) ° (e) () 1.

"‘ o .J L ] X
111 [ . P
DD % 9" o g
tetrahedra b M BN o N e e
\:'J < = ] \ ) * \Q..r\j q-h % e
R e " 9 ‘2‘3 Q\} & __ o “‘ gl
D% e \\3(‘;.\; oo o +” o

< o ¥ =) . N 5 - g I
S\'Q" " ) gfb?‘-;«a i R
LN %09 9% » & \4‘; 82929 o NMATRN Y S @’
[]

(e) 2 ® 2 (9) :

(b) z

111-001 R

& pyramids
N9

G WD Was W W ww e

. l:.“-a\’"‘ .t...‘u "

oo ik{'\t%%%%-\. . m‘t‘i"\t}\*«%ﬁt’i&x\

. '.‘.\. & R a® l..." \'\\ A
RS SRR L L LR .;Kﬁ'i;*‘i‘g%\;\;“;%%t\t};%.

E&E%%‘t; (d)‘:;':*:i%%m%%%- v camae e i
g L SR
s SR

Tares T T B B W R I o N
ST B A A N R A >
FEn TR R .
Sidialaiataiak shnhLhLLARA LT R
R R
Thaiaiai ety e e e
Tudaiataial S ELNOERRLL " D
%‘%@%@“‘% g R . N Kty '3&3@@2‘.\%\\;‘ o
:‘:“}mﬂr‘: 001-111-quatrodecahedra \':‘.‘:“;}.{t‘%:?:::\' &%}n‘gﬁzﬁé\é\}é

~Dirk Konig, MDC and SPREE, Eng. Facult, UNSW ____siide 6729 T7 Nov 2016



= 26+26
= 52

= 13+9+13
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> IF bonds = 34+16+34
=84

= 68+68
=138

Dirk Konig, IMDC and SPREE, Eng. Faculty, UNSW
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= 70+25+70
=165

= 140+140
= 280
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dre = ° Slas 125 2 atoms 5 NC bond
22.2 A :
& &
2 a4
ZE2REXR

- 30
— 36
42
— 49
— 42
- 36
- 30
—=25
— 20
- 16

= 250+250

=125+36+125 _ 500

=286

==
= 203+49+203
=455

= 406+406
=812
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4. Simple Example: Derivation of

Number Series for {111} Octahedral zb-NCs

iggoy 1= atoms oFi oo, | =
d =296A o 7 e angeenid g =334A e e :

3

I2an
SHa5 o
DRLRGE

i &

o

° 1 = 616+616

 IF bonds = 6x2,,+ 8x/1\ ,, = ggg+64+3oa =1232
=12 + 244 = 0 -

= 888+888

S IF bonds = 6x2,,+ 8x/A\ ., =444+81+444 _ 4776
C 19+ 312 = 324 = 969
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4. Simple Example: Deriving the Number of

NC Atoms for {111} Octahedral zb-NCs

d A-‘TONCéa ]
ai

offset J\!/J
0 1 .
| 10 9 LR - differential quotient .. J
oK _ ¢ 9)2 .
5 a5 25 ~ = (1+2x 2)2 Nocta[ ] NOCta[Z . 1] (2,& + 1)2|
. " 49 ~ = (1+2x 3)2 NoNc(tja [Z] _
4 165 . = 4)2 oot =17
5 286 2 = (2] Ineetal; — 1) +[(20 + 1)2 "’|’~~..].VONCct:a = ()
o e 169 ~ = (142 x ) m— _ - ——
i G;S 25 ~wo(toxtp|Niol] = (20 + 1)+ (2 -1
289 ~ = (142 x 8)? (26 —2] + 1)* 4 --- + (2[1]
8 969
~ = (1+ 2i)? ~ = (1 + 2i)
offet [
NR&l] =1+ D [(2k + 1)°
=1
i+ )20+ 1)
; 6 2
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L
...ﬁ

dMDC Simple Example: Deriving the Number of  Egy
Bonds Between NC Atoms for {111} Octahedral zb-NCs

i Neseli]  dNpdll]l |1 Vel
a ! a1 )\

{1) 12 12 12/1=12 ~=8x1+14 x

» - 40 40/2=20 ~=8x2+4 J

X 136 84 84/3=928 ~»=8x3+4

\ <0 144 144/4 =36 ~> =8x4+4

) s 220 220/5 =44 ~>=8x5+4

é ;12 312 SSLY(E D BN S| > (iffcrential quotient ..
420 420/7 = 60 ~ = 8 x 7+ 4] pn7octa octal,

7 1232 - _/ : Nyodlt] = Npodle 1]
544 544/8 =68 ~» =8 x 8+4

8 1776 | Z(SZ + 4)
— ‘ recursive

=i(8i+4) skl U mber series ...

N

J convertto sum formula ... ¢ FANS

bidl bl [t — 1] + (8 +4)

i =

Npoalil =D |[k(8k +4)]| = 42 (2k+1)] = 4(2Zk2 + Zk)
k=1 k=1 =i,
_ 4 (2 (ks 1)6(2” Do il ; 1)) - %i(w 1)(2 + 1) + 2i(i + 1)
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4. Simple Example: Deriving the Number of

Ny (i
0 4 ~ =4 (0
1 16 ~ =4 (1
2 36 ~ =4 (2
3 64 ~ =4 (3
4 100 ~ =4 (4
5 144 ~ =4 (5
6 196 ~ =4 (6
7 256 ~ =4 (7
3 ~ =4 (8

Dirk Konig, IMDC and SPREE, Eng. Faculty, UNSW
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3 derived directly:

NOCta [ ]

)
)
)
)
)
) Number series for IF bonds can be
)
)
)
)

([ ]]
H
=

4(i 4+ 1)°

17 Nov 2016



> IF bonds

=6 X|[2

L
asg=

X Dc 4.1 More Complex Example: A Glimpse on By
{111} (dominant)-{001} Faceted Quatrodecahedral zb-NCs

001 + 8 X<i>111

=6 x(4x2) + 4x(3x1) + 4x(1x1)
- 4
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([ ][]
ser=

MDC 4.1 More Complex Example: A Glimpse on Gl
{111} (dominant)-{001} Faceted Quatrodecahedral zb-NCs

> atoms

NS N 001 e R N 2 AL - 9 C bonds
- A ( CJ 4 1’7’1 1\2-/2’ 2\3’3 " 3‘\. 3/E \2\ 2/1 \qi‘,l g
o of bt S b 12
: Nl e : . ANV N 33 e \2\2; ',
< Nl ‘:v N 3 ; P WA W LW o e W & 16
: - P bt Ay ~ L - 2 A—20
9 R . { . . . ’ /f1" 1\ ,,2/ 2‘\ /3 3\ ,/4/ ‘4"%.': ,/‘ 4‘4/3 3\3,/2 \2\2/1’ ‘\"!'\1 25
K . 3 1: ,2\' _.3\ ,4\ ,)‘,5\“ N b 3 12 1—
) 4 ¢ 2, %, w B N M2 TR R AU AR U S N A UY-A WY 2 .6
' ' P X K, A R, K, B K, 26
oe » { . - i - - . S 22 2\ 3,3/ \3\ 4,»'4/ 4, 5:1’4 \4\;1," “’w 5/4' LN 4/3 EN 3 /2/ 22' 32
19 . . . Uy Yy i N N N N N N N A W ANV S
= ,/’ % / S l J : - ' g e 53/.3-/:"\-3-\-—-444:'"‘:\ 2}:‘.‘5(; 4,;-, \4\& 4"4/ \\ a\;/ A,f ‘\4\4')4/ N 4:\5 /‘, ~\4\4 n/s/ ‘3“35— 37
¢ »’f ity Y. Yty e e Y N AN WA W WA W W S 30
“ 3 Y & 7. A R pr- % 47 3. —
Y 74 RS § : > 2,2/ '3\3,3/ ‘4\4/ A WA “4\5,,‘ %, A \3\‘3 A 32
\' R & R ‘//, # i WA WAV AWAYAVAWAY.
Y Y Y : 25 25 82 NG A D PN SN —26
. . . 3 : - . i 2’2 ~37 154;’ ,s/‘ \,4.”‘t ar o /z BB
N SN \\, \, / l \ 7o b \ "\ \ /
. /A N RN N . W W W A L e T T
1 b 4 ot ML - o o 5 11— 20
. l / ( / { " . \1‘\ 1 /1/ \2\2,‘2 ‘3\ 3/3 \4‘&/‘} \3\3/3/ 2‘2/2/ 1\1 r-/f 1 6
e < X LT AT L WA O e 12
> ,/ " 1‘*“1\ ,,f’z\g /,2’3\3‘ L 3“2. y 1 *2*'"1‘ i
y - N3 - ”

1 < > 9

> IF bonds = 6 x [2],,, + 8 x (1), = 170+37+170 _ 328+328
=6 x(9x2) + 4x(12x1) + 4x(10x1) = 377 = 656
=_108 +88 =196
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MDC

s ,</ Integrated Materials
Pesign Centre

N, A 3 3 2 AN
N5 : 4 2 A - 20
Z R 4 ", 2 e A
4 ;2 3 4 2 - 25
. 2 2 % 4 A 3. 2 2 A N,
3 37 247 ; ¢ 3 2 . ————— 30
X > i B s § M 5 A (B A B A 3 G 1)
: 2 230 4 5 ’5 47 e 14 2 1., —— 36
"2 A & A M_F 5 i . Y e O G .
2 o 4L 05 . )5 & i 4 25 t - 42
A 2 2 3 3 A 4 5 5. 6 6 5 5 A X A s 2 2 A q
1 2 >3 4 DL S8 6 '5. 34 >3 2% 1 — 49
ok A s S D G R £ w85 5 A4 ™M g g £ e A
g2 ac 47 5 >62 J A 6 & 4 < ¥ 2t — B2
4N 20- N A0 N 20 UV 2 W, 1 % 8 8 5 S5 A& w & s 2 e
2 3 4 5 06 b 4 P71 767 5% 7o 37 2 — 60
B O - A W A kT i W R W e W b W e [ >
- = ¢ ¢ 6 S8 V6L el € 67 5 b1 37— 60
: & 4 5 5§ 6 _8& 8 6 6 6, & 8 _6 B & 54 M & g >
/5 63 4 6 ; 6 . 6 5. A 3 — 69
4. 5 5 & b 6 66 6 6! 6 6 6 "6 & 6 & 5 4 a4 >
Ly 6 67 6 6L b B 4 3 o 66
5 S\G‘ﬁ 6. LW AALN.0. 6 _& 6 6 g 76 r
5. 5 6 6 & 8 6 6 6 6 6 6 6 6 6 6 6 & & & 4 4 >
. 6 6 6 & 8 % 6 6 5¢ S4 — 66
¥ 5 5 % & % & 8 8 B:F B 8 8 & 8 & 5 EF M L9 5
o S50 16 it .6 b4 6 4 b 14 5 4. 3 — B9
4 & 5 5 6 _ F 6 /,6' W B R B R ] 6 1 5 5 4 4 3 3 >
4 5 6! 6! A 6 6 5 A % - 60
3 a4 s 5 e & e _6 6 & 6 _6 6 & s 5 4 4 ‘3 3 "2 S
v 57 26, 7, b 9 £ 3 55 AL 3 2 — 60
LN AR N AR N A U -2 U -2 U -0 WY -2 WY A U S WS W | >
3 AL i 6 6 6 62 e 4 >4 >3 Z — B2
2N 40 NV 40 W A UV 4 WY 20 UV A WY A0 U 4 W-0 T S
4 12 >4 b =6 7 6 5% 4 37 27 1 — 49
2. 278 3 4 4s 8 e 6 6 & s 5 a4 4 s a2 M A
2 & 4. 554 [ 67 S5¢ - 3% w1 W —— 42
A WP A - A B ab P AL W db (NP b T Ak P . Y
1 2 3 - 5 67 55 4 3 s 2 17 > 36
LA U4 N A UY. 00 WY S WY - WY S UY- S Y. 2 W |
1 74 3 47 14 5 A 33 2 | - 30
NI A U240 WA U.2 W -2\ . U A U |
17 4 ¢ 'Y 55 4 %14 2{ 1 - 25
O Ak O 40 WW- 0. W 0k . 00 W - Y 4. WY
1] Sy 3 R P B i 3 ™1 - 20
O A G0 b S s T A T A T A T 16
1 2 e 4 3r "2 | »
= 1026+1026
3 IF bonds = 6 x [2],,, + 8 x(D), 525+76+525 = 2052
= =1126

6 x(16x2) + 4x(27x1) + 4x(25x1)
. 192 +208 =400
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cube
octa
dod

pyra
~  tetra

hence NC shape as function of | e . quatro-001
NC size 5 %7 » quatro-111
» octahedral Si NCs is dominant
shape for dyc < ca. 3 nml'l

* porous Si etching & self-limiting
oxidation provided smallest
SiNCs =1.5+ 0.2 nml?]

- no Si NC formation for
Nig/Npng = 0.41 £ 0.06;

» value specific to NC- and
matrix-material, e.qg.

smallest Si NC size should}*
be biggerin Si;N, dueto |
its higher Young’s modulus|

[1] Nature Nanotech 3, 174 (2008) o
[2] PRL 72,2648 (1994) _
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Interface D|poles Interface Charge Transfer (ICT) )

* Nie/Nyc depends on
# surface density of IF bonds, hence interface faceting — {001}, {110}, {111}
# ratio of surface atoms to all atoms which form zb-NC

* Nie/Nyc much higher for elongated structures; fins (fin-FETs) vs. {001} cube

* Nie/Nyc decisive for NC ——
electronic structure - . octa
modification by dielectricRlek= - - dod
e graph shows N|F/NNC’ ’ . K ° pyra
ICT dominates electro- W, . It
" o . quatro-001

nic structure of Si NCs
for dyc = 7 nml'; going |5
to a {001}-cube extends
the NC size to 12 nm,
further increase in
structure length can be
obtained by cubicle (fin-
FET, 14 nm technology)

[1] Appl. Mater. Interfaces 1,
1400359(2014);
DOI:10.1002/admi.201400359

quatro-111

Iy ‘:"
-- e oamowm ow o- - -
g e

s
N
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J . 0'0 0,89 20, ° \ Sy oyEs
mterface F OH NH2 H HF/3 -21G(d) // 80 . it
= high low symmetry
LUMO —E——A——y——0— B3LYP/6-31G(d) — —— 1SiF
HOMO -—E—-A—-y——@-— P o 70 Xy
! _ = S —A—[ 4 ]Si(OH),
%mvw—v- v =t A0t 860wy IsiH,
G VN, @ 9] e[ ¢ ISiH,
.; g o 5 o =
%‘ - Y 8-‘@%@@_0%@ o \ &= = 3 404 &= [ © ] N(core)/
o S ’ )N = h N(interface)
= 4+ =z
S e N\ 5 30
— Ty O\ e
o Ryrggon, 58
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e,
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PRB78. 0 S 00 AQ ate erface 400 9 (2014 AP 0 3 (20
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siens 5.2 Applications — the Ratio Nje/Ny:
Interface Dipoles, Interface Charge 1 ransfer (ICT)[1]

* Highest occupied (HO-) electronic DOS (top valence) |-

of SI QWs by UV-Photoelectron Spectroscopy (UPS)
« HO-DOS relative to E\(bulk Si):

0.87 eV below i
20 A QW in SisN, 0.02 eV above a type Il band offset |
a HO-DOS offset =0.9 eV for SiO, vs. SizN,
* PL: Eg,,(Si-NCin SiO,) < E,,(Si-NC in SigNy)
a lowest unoccupied (LU-) QW-DOS offset > 0.9 eV

[1] Adv Mater Interfaces -E [eV]  -6.10 -5.30.5 p3-2-21

P A PR T
1, 1400359 (2014) -7.00 -6.75 -6.50 -6.25 -6.00 -5.75 -5.50 -5. 25 -5.00 -4.75 -4.50 i N Ay . e

secondary surface

L ]
electrons ‘
t  —e—QW-15N
% —+—QW-20-N
%, —* QW-20-0-S0I
1% —+— Ref-Si-wafer
'- E(hv)=9eV

normalized cps

valence ‘
& 200 225 250 275 3.00 325 350 3.75 400 425 450 2 nm
band E. [eV]

kin
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Design Cen =l

Detecting Quatrodecahedral NC Shape/Size by EPR

* Si NCs in SiO,, Electron Paramagnetic Reso-
nance (EPR) Spectroscopy!'!:
Interface-specific DB signals P, (111 IF) and
Py,1 (001 IF) = Si NC morphology by Py, / Py,

* split N of 001-111 & 111-001 quatrodecahedra
into partitions of 111 and 001 interfaces > N9
N""; calculate Nz%°1 /N per type of quatro-
decahedra to identify NC morphology or size (de-

pending
: 1] JAP 104, 103518 (2008
On Wh ICh FIG. 7. (Color online) Idealized [;n:!‘r;lgu morphology [[100] 11‘un(c;ncd (1 l)l)

octahedron] of embedded NC-Si particles in phase-separated SiO/SiO, en-
tities as inferred from the occurring Py, and P, (Si/Si0O,) interface de-

Rl 5.3 Applications — the Ratio N-001/N-": =,

8 +

] quatrodecahedra type:
7] X 111-001 .
: -~ + 001-111 IS known

fects, based on microscopic defect properties.

A2 RNMBMmMmG S & o o ettt
R e e R ey
RS S oo IR NN
R S ek L oo RN N S
O P e S e L RGO A R N N
BB N‘t%“& R RN N S R N b
SRR -
R R

] URLNNY
2—_ B el ; R : o —h \\“‘\\ LY
| & ] B
I B e ] B
R sessssme %&&“‘%‘&\ ,. "&: .!-.‘fa‘t‘n‘;&}k\ G 0...
- e ———— [ RREERS |

111-001 Quatrodecahedron
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5.4 Applications — the Ratio Nyn/Nyc: BEhT

Response to External Stress — Self-Purification
* Nprqlil / Nnclil = 2 for i — «: each atom has four 1-nn atoms, each bond shared
between tWO atomS; 4/2 — 2 | ‘ FIG._7. P-doping ejfﬁcifr;cy as deter\mine_d f[‘OI‘H the slpin depsity
e Nygli] / Nucli] N with dyli] N, J\)f) cer. The cicles show the measured [Plers normalized 1o [Pl

less bonds/atom for stress e e
. . e . compensation of donors by Si-dbs assuming the mode

_Compenslatlon' Self-purlflc_atlon’ described 1in the text. The dashed and d('i{)t]j:d lines show the cases

introduction of DBs, stacking faults, GBs | LAl LA L RREN I A

and the diamonds show the same data after correcting for charge

20 _--!.'.6.2_-_----_---:1-_8..8 ..... 1. -9—4..---:1-9--7 ------------------------- EPR_[ ]nom core
lllll . ................}/“.‘“‘.5....-......‘jgi...._.
1 ? ,/)? Q o
. L) / Q Q 3
- ‘m O / O :
% . *0 e = g ]
Z | 301 1.79 o PRB 80,
z ’ e .g_ 5 165326 (2009)
Z | O, - o E
o D o [P]EPR/[P]nom
154, 40 140 240 - @ [p]’;;R/[p]mm
. + cube tetra e I T R S
. « octa * quatro-001 0 10 20 30 40 50
| © = dod quatro-111 Si-NC Diameter (nm)
s ° pyra - Si-NC/SiO, system: self-
1.5 5 10 20 > : : 1
— T T — T T T sl purification for Ny 4[i] /Nycli] =
1 10 dyc [PM] 100 1.96+0.01...1.92+0.02
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(FC)/

spec-

trum

2
4N
L[

,II ‘
| —

o |

<2 150.2 cm™’

SiggHes ¥ &

* NC breathing mode is longitudinal-
acoustic (LA) with “EB—H —B-F —&-Cl —B—Br

300 @
] —O—NH, ——OH
VA = O for dNC — €0 - —X—2ML Si,N, —X—2ML SiO,
(k > 0 for dy¢c — ) 2

: | % ;
breath modes well known : Lt}%@\m\,ﬂ

from organic molecules

-n/a
-a

. Bl (e.g. Cg); should be
U WLl observable in colloidal 0
B CWEY  solutions with small NCs A

—
E .
Q]
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* breath v, has low electromagnetic (EM)
dipole moment - approximate by force
constant (FC) model: Nyc[i], Npnqlil

* |F atoms shift breath v, 5 with:

theirmassmeg A > v N, lg,an ¥ and with
FC(Si—X) bigger or smaller FC(Si—Si)
—> vAor

» shift of breath v, by embedding rather small fresm Cl Br NH, 2ML OH 2ML
Si.N,  SiO,
SitoH16 ST Si1oClie SitoBrie

304.1 cmr- -1 179.9 cm-! 130.5 cm-! 92.3 cm™’
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MDC Applications — the Ratio N, 4/Nyc: :gff_ﬂ

Size and Response to Embedding, Raman (Breathing)

* breath v, is in-phase vibration of all Si atoms SigsHes 2. &I’/l 143.46 cm-?

- mostly ® " SiaiCles «?/ SigsFes |
depends S @83020mT 4 W, 10245¢cm

on _hndm
Nncli]
- use
via(1,X)
in fit to
include

interface termlnatlon and matrix strain : N
Nlm( (3) Nl)n(l( ) - ;) ‘; 4 .

lim

]/:l;;'(\a.th.LA(i’ X) _ i—00 NN( (1) NN( (’) I/Hi(]-a X) : ' ‘ ‘r
lim lm{l([) Nl)n(l(l) . ‘n‘
1—00 NN( (L) NNC(l)
; —E—H =EF=F 1—Cl —B—Br
* good 2 — ]]\\[[bnd((;)) —&—NH, —O—OH
viafit el (A S = SNC vsi(1, X) _ —X—2MLSi,N, —X—2ML SiO,

for Si H - \'\\7*7::“:*1\:;;;\-\
fair for X = OH, F; Feenpe : ] i i
not so good yet for s y -

X = NH,, CI; requires refined input/model [A] 10
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5.4 Applications

Sized Response to Embedding, Raman (Si Bulk Modes

* no analytical description of fundamental LO/TO Si vtTO mode (521 cm') as
f(dyc) Which fit experimental data, just least square fits!']

—> no causality, hence no
interpretation and assignment

of results

« analytical fits with NC-specific
parameters (Nyc, Npng Nx) allow
for real data interpretation

More theoretical work is needed to provide a quantitatively
accurate model of the size dependence of the Raman spectra of
Si nanocrystals. However, a convenient scaling relationship
between the Raman peak position and nanocrystal size might
be used2®293!
)v
(2)

@ (D) is the diameter-dependent peak Raman frequency, @, is
the bulk Raman peak position of bulk crystalline Si (521 cm™
for crystalline Si), a is the lattice constant (0.543 nm for Si),
and D is the particle diameter. A and y are fitting parameters

a

o(D) = o, — A(D

[4)]
-
wn

—
(=]
—

models, respectively. The igreen dotted curve: shows recent imodel

predictions by Faraci et ali"” The error bars represent t

he particle size

slide27 /29

polydispersity determined from SAXS.

[1]J. Phys. Chem. Lett. 3, 1089 (2012)
17 Nov 2016
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Rlesd 5 4 Applications — the Ratio Ny,o/Nyc:

Size and Response to Embedding, Raman (Si Bulk Mode)
embedded NCs, fundamental optical mode (LO/TO) . o 7

» VLOITO 5 521 cm! from below for dyc —> w (k — 0);|
influence of ligand/matrix (Ny/N,,q) N with dyc 7,
influence of NC interior (Ny,4/Nnc) 2 with dye 72

-n/a

sy, 1
Véio/m _ &lo/To(l X) ( ICIO/TO(Z 3 oo) _ V&l()/T()(L X)) (1 _mAU

9 VLO/TO(1 ’X)
includes

kinetics Of | | {111} octahedral Si NCs:
interface : DFT [B3LYP/6-31G(d) throughout]

[1] J. Phys. Chem. Lett. 3, 1089 (2012)

: _ —E0—H —v—NH, —v—1.5ML SiN, JJ:f%'
termination ¢ F OH —A-15MLSIO, | I3
and 16 —g-Cl ‘

matrix strain  ERiadE o Br
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6. Conclusions

 seven high symmetry zb-NCs with minimum surface energy (max. occurrence):
001 cubes, 111 octahedra, 001 dodecahedra, 111 tetrahedra, 111 pyramids
with 001 base, 111-001 quatrodecahedra, 001-111 quatrodecahedra

 Analytical description of NC atoms (Ny[i]), number of bonds between these
(Npnglil) @and NC interface bonds (Ng[i]) by explicit number series as f(dy[i]),
surface faceting and shape; useable for any solid state spectroscopy technique

* Nig[i] / Npgli] @s f(dycli]): stress balance zb-NC < embedding matrix; crystalli-
zation limit and polymorphism (segregation anneal, gas phase formation, ...)

» ratio Ne[i] / Nycli] as f(dycli]): interface dipoles, interface charge transfer which
dominates (influences) electronic properties of Si (111-V) NCs

« ratio N,z%°[i] / N2"[i] as f(dycli]): key tool to detect shape of quatrodecahedral
NCs (and other zb-NC shapes, see above) using Electron Paramagnetic
Resonance (EPR) Spectroscopy

* Npnalil / Npcli] as f(dyc[i]): gauge for stress response of zb-NC by DBs, stacking
faults, self-purification; working on analytic Raman-fits (maintaining causality)

For details and all number series 2> DOI: 10.1063/1.4960994 {open access}
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