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Introduction

Nano particles are particles generally in the size range of 1nm to 100
nm. When bulk particles are normally reduced to that size, they have
various property changes in terms of physical, chemical and optical
properties owing to which they have a wide range of uses from drug

delivery to energy applications.

There are 2 approaches of producing nano particles :

Top down approach
(slicing or successive cutting of a
bulk material to get nano sized particles)
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Experiment 1 : Fabrication of Gold Nano Particles

* Tannic Acid solution : 0.89mM. pH adjusted to 10 by using 1 w/v of Potassium Carbonate
solution.

e Chloroauric Acid solution : 0.64 mM.

e Solutions are prepared with DI water.

e 15 ml of Tannic Acid solution is taken in 3 beakers, 10 and 20.5 ml of gold salt is added

Impeller Rotation — 1000 rpm | Chloroauric Acid : 0.64 mM | Tannic Acid : 0.89 mM 15
Input row rate : 1 ml/ min | No of drops / ml : 20 25 — 2 0ml|
" ienn —10m
ACId (mI) ACId (mI) squtlon solution (mg) .
Pulsating 1.2608 1.2 4 ~ 10ml(pulsating flow)
2 Dropwise 15 = 1.2608
3 Dropwise 15 20.5 7 2.5847

Absorbance

0.0

L) 1 ' I v I L 1
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Wavelength(nm)



Gold Nanoparticles : TA 0.04mM

1.0 1
| ——Au 0.64mM 10ml (TA 0.04mM) |
0.8 -
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Avg.Size:5.1+£1.9nm
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Gold Nanoparticles : TA 0.15mM

| —— GNP 0.64mM Au 10ml! (TA 0.15mM 15ml) |

Absorbance

Avg. Size : 4.5+ 0.9 nm

400 500 600 700 800
Wavelength(nm)
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Experiment 2 : Fabrication of Silver Nano Particles

Tannic Acid solution :

solution.
Silver Nitrate solution : 0.64 mM.
Solutions are prepared with DI water.

15 ml of Tannic Acid solution is taken in 2 beakers, 10 and 20 ml of silver salt is added

2

Impeller Rotation — 1000 rpm | Silver Nitrate : 0.64 mM | Tannic Acid : 0.04 mM
Input flow rate : 1 ml / min | No. of drops / ml : 20 - 25

Input Vof T Acid H of final
Sample npu of Tannic Aci V of Silver Nitrate (ml) priottina
mode (mI) solutlon

Dropwise
Dropwise

Absorbance

3.9

3.0

2.5 1

2.0 1

1.5

1.0

0.5 1

0.0

0.04mM. pH adjusted to 8.0 by using 1 w/v of Potassium Carbonate

— 20 ml Ag SaItJ
— 10 ml Ag Salt;
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Core-Shell

Au core — Ag shell

- Dilution
- Without dilution

- Centrifugation
/////////// - Combinations



Experiment 3 : Dilution (Au core Ag shell)

b,

GNP Samples : 2.5 ml made up to 15 ml (core solution)
* Silver Nitrate solution : 0.32 mM | 0.06 mM

. (shell solution)

e Solutions are prepared with DI water.

* 15 ml of GNP sample is taken in 5 beakers,

silver salt solution is added

Impeller Rotation — 1000 rpm | Silver Nitrate : 0.06 mM & 0.32 mM
Input flow rate : 1 ml / min | No. of drops / ml : 20 - 25

V of Gold Salt | V of Core soln. Concentration of shell V of Shell soln. pH of final
Input mode )
(ml) (ml) soln. (mM) (ml) solution
10 15 5 7

2.0 -
1.6 6x dilution (10 ml Au sample)|
— 5 ml 0.32 MM Ag ‘
© —— 15 ml 0.32 mM Ag
§ 124 ——15ml 0.06 mM Ag
;2
(o]
172
L0
< 08 4
0.4 -
00 T T T L3 1

r T T v
400 500 600 700 800

Wavlength(nm)

1 Dropwise 0.32

2 Dropwise 10 15 0.32 15 6—-7

3 Dropwise 10 15 0.06 15 7

4 Dropwise 20.5 15 0.06 20 7

5 Dropwise 20.5 15 0.06 25 6—-7
1.6

Absorbance

6x dilution (20.5 ml Au sample)

~— 20 ml 0.06 mM Ag
—— 25 ml 0.06 mM Ag

0.0 T X T y T s T '
400 500 600 700 800
Wavelength(nm)




Impeller Rotation — 1000 rpm | Silver Nitrate Solution : 0.2 mM
Input flow rate : 1 ml / min | No. of drops / ml : 20 — 25

H of
Input V of Gold V of Core Concentration of V of Shell p'
final
mode Salt (ml) soln. (ml) shell soln. (mM) soln. (ml) .
solution

Experiment 4 : No dilution (Au core Ag shell)

GNP Samples : 15 ml (core solution : no dilution) (TA 0.01mM)

Silver Nitrate solution : 0.2 mM (shell solution) Dropwise 0.2 5 8
Solutions are prepared with DI water. Dropwise 0.2 8 8
15 ml of GNP sample is taken in each beaker, silver salt solution is added
0.8 - 0.8 -
—— GNP (0.01'mM TA_5mI of gold salt 0.64mM added) — GNP (0.01mM TA_5ml of gold salt 0.64mM added)
w —— GNP (0.01mM TA_5mI of gold salt 0.64mM added)_1.33X —— GNP15ml| (0.01mM TA_5ml of silver salt 0.2mM added)
——GNP (0.01mM TA_5ml of gold salt 0.64mM added) 1.53X ——GNP15ml (0.01mM TA_8ml of silver salt 0.2mM added)
0.6 4 0.6 4
@ Q
(&) O
5 :
£ 4
O (e}
g 044 2 044
< <
1
0.2 4 0.2 -
0.0 Y . ' . ' v x v ) 0.0 , ' , ' , _ : ' :
400 500 600 700 800 400 500 600 200 800

Wavelength(nm) Wavelength(nm)



W

= GNP (0.01mM TA_5ml of gold salt 0.64mM added)

= GNP15ml (0.01mM TA_5ml of silver salt 0.2mM added)
= GNP15ml| (0.01mM TA_8ml of silver salt 0.2mM added)
= GNP (0.01mM TA_5ml of gold salt 0.64mM added) 1.33X
~——— GNP (0.01'mM TA_5ml of gold salt 0.64mM added)_1.53X

Absorbance

0.4

0.2

0.0

| . | : | . |
400 500 600 700
Wavelength(nm)

|
800



Experiment 5 : Centrifugation (Au core Ag shell)

Absorbance

GNP Samples : 1.5 ml Centrifuged (TA 0.04mM)(9000 rpm 90 mins)
Silver Nitrate solution : 0.06 mM (shell solution)

Solutions are prepared with DI water.

Each 1.5ml sample is made up to 9ml and dispersed in Ag salt solution
and added to a pool of Tannic Acid (0.03mM — 15ml — pH 8)

—— GNP dispersed in water
0.8 - —— GNP dispersed in AGQNO3 0.06mM
~——— GNP in Ag 0.06mM (3 ml)
—— GNP in Ag 0.06mM (5 ml)
—— GNP in Ag 0.06mM (10 ml)
—— GNP in Ag 0.06mM (15 ml)

0.6 4

0.4 4

0.2 4

0.0 : ; , : , . , ; ,
400 500 600 700 800

Wavelength (nm)

Absorbance

o U1 A W N P

1.0 4

0.8 4

0.6 -

0.4

0.2 -

0.0

Impeller Rotation — 1000 rpm | Silver Nitrate Solution : 0.06 mM

Input flow rate : 1 ml / min | No. of drops / ml : 20 — 25

Input V of
mode Salt

Gold
()
10

Dropwise
Dropwise
Dropwise
Dropwise
Dropwise

Dropwise

10
10
10
10
10

Concentration of
shell soln. (mM)

0.06
0.06
0.06
0.06
0.12
0.2

V of Shell
soln. (ml)

U W

10
15
15
15

pH of
final
solution

8
7-8
7-8

7

7

7

—— GNP dispersed in water
—— GNP in Ag 0.06mM (15 ml)

—— GNP dispersed in AQNO3 0.06mM

——GNP in Ag 0.12mM (15 ml)

—— GNP dispersed in AgNO3 0.12mM

—— GNP in Ag 0.2mM (15ml)

—— GNP dispersed in AQNO3 0.2mM |

Wavelength (nm)



Experiment 6 : Combinations (Au core Ag shell)

Absorbance

Chloroauric acid solution : 0.64mM
Silver Nitrate solution : 0.64 mM
Tannic Acid : 0.89mM | 0.15mM
Solutions are prepared with DI water.

0.15mM Tannic Acid

04

0.3

0.2

0.1 4

0.0

— Au 0.64mM 3ml|
——Au 0.64mM 3ml + Ag 0.64mM 7ml
Au 0.64mM 4ml|
~———Au 0.64mM 4ml + Ag 0.64mM 6ml
— Au 0.64mM 5ml
Au 0.64mM 5ml + Ag 0.64mM 5ml
——Au 0.64mM 6ml
——Au 0.64mM 6ml| + Ag 0.64mM 4ml|
Au 0.64mM 7ml|
—— Au 0.64mM 7ml + Ag 0.64mM 3ml

400

I
500

. .
800 700 800
Wavelength (nm)

Absorbance

W

0.89mM Tannic Acid

14 Au 0.64mM 3mi
Au 0.64mM 3ml + Ag 0.64mM 7ml
1.2 Au 0.64mM 4ml|
——Au 0.64mM 4ml| + Ag 0.64mM 6ml|
11 Au 0.64mM 5ml
' Au 0.64mM 5ml + Ag 0.64mM 5ml|
Au 0.64mM 6ml
0.8 Au 0.64mM 6ml + Ag 0.64mM 4ml|
Au 0.64mM 7ml
0.6 4 ——Au 0.64mM 7ml + Ag 0.64mM 3ml|
0.4
0.2 4
0.0 . . . . . .
400 500 600 700 800

Wavelength (nm)
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Experiment 7 : Dilution (Ag core Au shell)

e SNP Samples : 2.5 ml made up to 15 ml (core solution)
* Chloroauric acid solution : 0.06 mM (shell solution)
e Solutions are prepared with DI water.

* pHis adjusted using 1 w/v of Potassium Carbonate solution
e 15 ml of SNP sample is taken in each beaker, gold salt solution is added

1) Without change in pH of core solution

Impeller Rotation — 1 hl ic Acid : 0.06 mM 0.6 -
mpe e:cl otation O(I)O rp.m | C orfo:urlc cu:lI 0.06 m ‘ Ag core particles after dilution
Inut ow rate: 1 ml/ min | No. o rps/m :20-25 . 03ml 0.06mM Au salt
Vsolfts(llvlt;r Vv (I)f (;orle) Concentlrat(|on|vcl>)f shell | V of S(hell)l soln. | pH Ioft1.’|nal 0.5 - 05ml 0.06mM Au salt
e mo alt (m soln. (m soln. (m m solution 10ml 0.06mM Au salt
1 Dropwise 10 15 0.06 10 6-7 15ml 0.06mM Au salt
2 Dropwise 10 15 0.06 15 6—-7
3 Dropwise 10 15 0.06 20 6 8
4 Dropwise 10 15 0.06 25 6 g
£
O
a
2) pH of core solution adjusted to 10 — trial | <
Impeller Rotation — 1000 rpm | Chloroauric Acid : 0.06 mM
Input flow rate : 1 ml / min | No. of drops / ml : 20 - 25
Sampl Input V of Silver V of Core Concentration of shell | V of Shell soln. | pH of final
e mode Salt (ml) soln. (ml) soln. (mM) (ml) solution
1 Dropwise 10 15 0.06 3 7-8
- 0.0 T r r . r v :
2 DropW|se 10 15 0.06 5 7 400 500 600 700
3 Dropwise 10 15 0.06 10 7 Wavelength(nm)
4 Dropwise 10 15 0.06 15 7

1
800



Impeller Rotation — 1000 rpm | Chloroauric Acid : 0.06 mM & 0.12 mM

Experiment 8 : No dilution (Ag core Au shell) input flow rate : 1 mI/ min | No. of drops / ml : 20— 25
V of Core Concentration of V of Shell i:;f

SNP Samples : 15ml (core solution : no dilution) (TA 0.015mM) mode | Salt(ml) | soln.(ml) | shellsoln. (mM) S e
Chloroauric acid solution : 0.06 mM | 0.12 mM(shell solution) | e S L2 e = =

. . 2 Dropwise 5 0.12
Solutions are prepared with DI water. -

. . . . . 3 Dropwise 5 15 0.12 10

pH is adjusted using 1 w/v of Potassium Carbonate solution 4 Dropwise c 15 0.12 =
15 ml of SNP sample is taken in each beaker, gold salt solution is added 5  Dropwise 5 15 0.12 20 7

0.7 1 ——Ag 0.64mM 5ml (TA 0.015mM 40ml) 0.7 1

] Au shell particles 0.06mM 10m! - A9 0.0 MM S (12 9.0 1ami40m)
0.6 - ——— AU shell particles 0.12mM Smi 0.6 g::g g:g:g::z 1;& g::z::gg
Au shell particles 0.12mM 10ml '

05 ——Au shell particles 0.12mM 15m|
& Au shell particles 0.12mM 20ml| &
e e
O o 0
- 8
O Qo
n 17
Ko 0
< 03- <

0.2 4

0.1 4

0.0 T " T r T r T T 1 0.0 T T T T T " T " 1

400 500 600 700 800 400 500 600 700 800

Wavelength (nm) Wavelength (nm)



Absorbance

0.7 4

0.0

N

——Ag 0.64mM 5ml (TA 0.015mM 40ml)

Au shell particles 0.06mM 10ml
Au shell particles 0.12mM 5ml|
Seed Particles 1.11X dilution
Au shell particles 0.12mM 10m|
Seed Particles 1.22X dilution
Au shell particles 0.12mM 15m|
Au shell particles 0.12mM 20m|

| L | d |
600 700 800
Wavelength (nm)
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Experiment 1 : Fabrication of GNP

W

Tannic Acid solution : 1.2mM. pH adjusted to 10 by using 10 w/v of Potassium Carbonate
solution.
Chloroauric Acid solution: 1) 1.2mM Il) 2.4mM 1ll) 3.6mM
Solutions are prepared with DI water.
Flow rates : Tannic Acid — 6 ml/min
Chloroauric Acid — 10 ml/min
Samples are collected for 5 minutes each.

Absorbance

1.2 mM Au Salt — 141.42 mg Au/hr 2.4 mM Au Salt — 282.84 mg Au/hr 3.6 mM Au Salt — 424.26 mg Au/hr
e 24 24 -
’ , e ~— 05 minutes — 05 minutas
—05m
———10 minutes 20 — :: m:nutes 53 —12 minutes
2.0 - 1% minutes =15 minutes =15 minutes
e 20 m[nutgsl 20 minutes w20 minutes
1.6 - — 25 minutes l 1.6 4 - 25 minutes 16 ——25 minutes
‘ _,—,;i_gr_rn_i_qqtgs_] § —— 30 minutes 8 =30 minutes
- &
£12
1.2 4 § A §
< <
0.8 - 08 -
0.4 4 04 4
0.0 +— v T v T v T ) 00 ' i " . y ; : g ' 0.0 L— v . v r = . = .
400 500 600 700 800 400 500 600 700 800 400 500 600 700 800

Wavelength(nm) Wavelength(nm) Wavelength(nm)



Absorbance

Experiment 2 : Fabrication of SNP

Tannic Acid solution : 0.03 mM. pH adjusted to 8 by using 10 w/v of Potassium Carbonate solution.

Silver Nitrate solution : 1) 1.2 mM 11) 2.4 mM IIl) 3.6 mM 1V) 4.8 mM V) 6mM

Solutions are prepared with DI water.
Flow rates : Tannic Acid — 6 ml/min

Silver Nitrate — 10 ml/min
Samples are collected for 5 minutes each.

1.2 mM Ag Salt — 77.76 mg Ag/hr

2.4 mM Ag Salt — 155.52 mg Ag/hr

3.6 mM Ag Salt — 233.28 mg Ag/hr

3.0+ q
| m— 05 minutes |
| =10 minutes|
2.5 4 | — 15 minutes |
| — 20 minutes|
— 28 minutes |
o 291 | =20 minutes |
2
% 15
<
1.0 4
0.5
0.0 v . - ———
300 400 500 600 700 800

6 mM Ag Salt — 388.8 mg Ag/hr

Wavelength(nm)

—— 05 minutes |

=10 minutes

=15 minutes |

e 20 minutes
— 25 minutes

—30 minutes

3.0 - S minutes | %7 [ 05 minutes|
05 minutes | 05 minutes]
—— 10 minutes | a1 0 mnu!es:
25 — 15 minutes | 254 —_— |
’ —— 20 minutes | 16 minutes|
— 25 minutes 20 mmmesg
2.0- | —— 30 minutes 20 25 minutes)
— ® | =30 minutes|
1.5+ é 15
2
1.0 4 10 4
0.5 4 05
0.0 T Y T T 1 0o T T T T ]
300 400 500 800 700 800 300 400 500 600 700 a0
Wavelength(nm) Wavelength(nm)
4.8 mM Ag Salt —311.04 mg Ag/hr
3.0 5 04
w— 05 minutes b
e 40 minutes
254 w— 15 minutes 254
20 minutes
— 25 minutes
2 2.0+ — 30 minutes 2.0 1
g )
-
£ 154 g 15
]
: :
1.0 4 1.0 4
0.5 4 0.5 4
0.0 T T T T 1 0.0
300 400 500 600 700 800 300
Wavelength{nm)

L L}
500 600
Wavelength{nm)

400 700

800

23



Experiment 3 : Ag core — Au shell

SNP Sample : 1.2mM Ag, diluted 6 times and pH adjusted to 10 using 10 w/v Potassium Carbonate solution.

Chloroauric Acid solution : 1) 0.01 mM Il) 0.03 mM

Solutions are prepared with DI water.
Flow rates : SNP Sample — 6 ml/min

Absorbance

Chloroauric Acid — 10 ml/min
Samples are collected for 5 minutes each.

1.4 -

1.2 1

1.0 -

0.8 1

0.01 mM Au Salt

— SNP seed partciles

05 minutes
- 10 minutes
15 minutes
20 minutes
— 25 minutes
30 minutes

0.0
300

1
400

1
500

I S 1
600 700
Wavelength(nm)

1
800

Absorbance

14 -
1.2 1
1.0 -

0.8 4

0.6

0.4 -

0.2 1

0.0

0.03 mM Au Salt

- SNP seed particles
-~ (05 minutes
=10 minutes
w15 minutes
20 minutes
— 25 minutes
~— 30 minutes

300

T
400

T v T v T Y 1
500 600 700 800

Wavelength(nm)
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Tannic Acid behavior

Tannic acid is a specific form of tannin, a type of polyphenol. Its
weak acidity (pK, around 6) is due to the numerous phenol groups in the structure.
The chemical formula for commercial tannic acid is often given as C,.Hc,0,

Phenolic form Quinone form
OH O
HO OH o
OH — O +2H" +2¢
HO O
\
OH OH

OH .

M'
o (from metal salt)
HO %) OH
O (8}

HO 0

0 v
OH M
HO
uo OH HO OH

0 HO OH
HO O OH

QAU

HO

K%

HO OH

Tannic acid




LaMer Model

W

critical limiting supersaturation

Co oo T,
rapid self-nucleation
S Cmin ...........................................
© growth
| -
8 b il S—————_ .
N g

time

The process can be divided into 3 basic stages |, Il and Il as mentioned in graph.

Stage | ) Generation Stage Stage Il ) Nucleation Stage lll ) Growth
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Experiment 3 : Core — Shell Particles - | Impeller Rotation — 1000 rpm | Silver Nitrate : 0.06 mM

Input flow rate : 1 ml / min | No. of drops / ml : 20 — 25

e 25 esteup 015
* GNP Sample : 2.5m| made up to 15 ml (core solution) P i ( I) (ml) soln. (mM) (ml) solution
* Silver Nitrate solution : 0.06 mM (shell solution) Dropwise 0o 10 7
* Solutions are prepared with DI water. 2 Dropwise 0.06
prep . . | 3 Dropwise 10 15 0.06 20 7
15 ml of GNP sample is taken in 3 beakers,

silver salt solution is added (K2CO3 10w/v)

3.0 - 3.0

25 - — Ag=0.06mM (10ml added) 2.5 Seeds 06X

— Ag=0.06mM (15ml added) Seeds 10X

— Ag=0.06mM (20ml added) Seeds 12X

2.0 + — Seed particles(6X) — Seeds 14X
2 0
g 2
o 2
<

0.0 T i T . T Y T . 1 T X T ¥ T Y T
400 500 600 700 800 400 500 600 700 800

Wavelength(nm) Wavelength(nm)



Absorbance

3.0 1

Seeds 6X

1 —Ag=0.06mM (10ml added)
25 Seeds 10X
—Ag=0.06mM (15ml added)
Seeds 12X
2.0 4 —Ag=0.06mM (20ml added)
Seeds 14X

0.0

1 B 1 ' | ' 1 ' 1
400 500 600 700 800
Wavelength(nm)



b,

Impeller Rotation — 1000 rpm | Silver Nitrate : 0.06 mM

Experiment 3 : Core —Shell Particles - |
( Au core, Ag She" ) Trial 3 Input flow rate : 1 ml / min | No. of drops / ml : 20 - 25

* GNP Sample : 5ml made up to 15 ml (Core solution) V of Gold Salt Concentration of shell V of Shell soln.
* Silver Nitrate solution : 0.06 mM (shell solution) ) l) soln. (mM) (ml) solution
10 15 40 7

* Solutions are prepared with DI water. ! IS 0.06

. : 2 Dropwi 10 15 0.06 50 7
* 15 ml of GNP sample is taken in 2 beakers, ropwise
silver salt solution is added 4.5 -
45 - 4.0 4
4.0 - : — 35 - Au seed particles(3X dilution)
J Au seed part!cles(BX dllgthn) : Ag=0.06ml (40ml added)
35 4 Au seed particles(11X dilution) g Ag=0.06ml (50mI added)
. Au seed particles(13X dilution) o 301 g=v.
3.0 - o I
r C
3 825+
§ 25 - 5
S ] 8204
§ 2.0 4 <
Tl 1.5 -
1.0 | 1.0 -
0.5 4 0.5 -
0.0 T v T T T T T v 1 0.0 T T T . T S T r .
400 500 600 700 800 400 500 . s s

Wavelength(nm) Wavelength(nm)



Absorbance

4.5 -
40-
3.5 -
3.0 -
25 -
20 -
15
10-

0.5 +

0.0

Au seed particles(3X dilution)
—— Ag=0.06ml (40ml added)

Au seed particles(11X dilution)
——Ag=0.06ml (50ml| added)

Au seed particles(13X dilution)

Al

T
400

T
500

|
600
Wavelength(nm)

T
700

800
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Experiment 3 : Core — Shell Particles - | Impeller Rotation — 1000 rpm | Silver Nitrate : 0.06 mM

Input flow rate : 1 ml / min | No. of drops / ml : 20 - 25

e 2 s o 15
* GNP Sample : 2.5ml made up to 15 ml (core solution) i i ( I) (ml) soln. (mM) (ml) solution
15 7

(TA 0.15mM) Dropwise 0.06
. . . . . . 2 Dropwise 10 15 0.06 7
SI|VEI.‘ Nitrate solution : O..06 mM (shell solution) 5 p— 10 s 0.06 e ,
e Solutions are prepared with DI water.
* 15 ml of GNP sample is taken in 2 beakers, silver salt solution is added
0.6 - 0.6
— Ag shell (15ml)
05 - —— Ag shell (20ml) 0.5 - — Seed particles (6X dilution)
— Ag shell (25ml) —— Seed particles (12X dilution)
— Seed particles (6X dilution) | [ — Seed particles (14X dilution)
o 941 — Seed particles (16X dilution)
:
& e
£ 2
2 2
<
0.0 : . : . : : , . . 0.0 . : . : . . ; 4 ;
400 500 600 700 800 400 500 600 700 800

Wavelength(nm) Wavelength(nm)



0.6

0.5 4

0.4 -

Absorbance

0.0

W

Seed particles (6X dilution)
——Ag shell (15ml)
— Seed particles (12X dilution)
—— Ag shell (20ml)
Seed particles (14X dilution)

——Ag shell (25ml)
— Seed particles (16X dilution)

T
500

|
600
Wavelength(nm)

1
800



Experiment 4 : Core — Shell Particles - Il

( Ag core, Au Shell ) Trial 2

SNP Samples : 2.5 ml made up to 15 ml (core solution) (TA 0.3mM)
Chloroauric acid solution : 0.06 mM | 0.12mM (shell solution)

Solutions are prepared with DI water.

pH is adjusted using 10 w/v of Potassium Carbonate solution
15 ml of SNP sample is taken in each beaker, gold salt solution is added

16
14
124
10-

0.8 -

Absorbance

0.6 -
0.4 4

0.2 4

0.0

Seed Particles (6X dilution)
— Seed Particles (14.4X dilution)
Seed Particles (16X dilution)
— Seed Particles (22X dilution)
—— Seed Particles (30X dilution)

300

1 o) 1
500 600
Wavelength(nm)

T
700

800

Absorbance

1.6 4

1.4 -
1.2 -
1.0 4

0.8 4

0.0

Impeller Rotation — 1000 rpm | Chloroauric Acid : 0.06 | 0.12 mM
Input flow rate : 1 ml / min | No. of drops / ml : 20 — 25

Input V of Silver V of Core
mode Salt (ml) soln. (ml)
10

Dropwise
Dropwise 10 15
Dropwise 10 15
Dumped 10 15

15

Concentration of
shell soln. (mM)

0.06
0.06
0.12
0.12

V of Shell
soln. (ml)

60
40
25
21

pH of

solution

Au=0.06mM, 60m| added@ 1ml/min
Au=0.06mM, 40m| added@5ml/min
Au=0.12mM, 25m| added@5mli/min
— AU=0.12mM, 21 ml| dumped

300

v T
400 500

T
600

Wavelength(nm)

final

6-7
6-7
7
7



Absorbance

1.6

1.4

1.2

1.0

Seed Particles (6X dilution)

Seed Particles (14.4X dilution)
Au=0.12mM, 21 ml dumped

Seed Particles (16X dilution)
Au=0.12mM, 25m| added@5m|/min
Seed Particles (22X dilution)
Au=0.06mM, 40m| added@5mI|/min
Seed Particles (30X dilution)
Au=0.06mM, 60m| added@ 1ml/min

| ' I ' ! |
500 600 700 800
Wavelength(nm)




