J. Korean Inst. Electr. Electron. Mater. Eng.

Vol. 28, No. 8, pp. 531-538 August 2015

DOT: http://dx.doi.org/10.4313/JKEM.2015.28.8.531
ISSN 1226-7945 (Print), 2288-3258 (Online)

M7|HE 2Mg S

Particle Behavior of Silver Nanoparticles Synthesized
by Electrical Resistance Analysis

Young Woo Yoon, Si Hong Ryu, and Sung Joo Yang, and Seong Eui Lee”
Department of Advanced Material, Korea Polytechnic University, Siheung 429-450, Korea

(Received December 19, 2014; Revised July 6, 2015; Accepted July 13, 2015)

Abstract: This study examined the size and shape of the nano-silver particle through the analysis of electrical resistance
when synthesizing nano-sized silver by using the chemical liquid reduction. Changes in particle behaviors formed
according to the changes in electronic characteristics by electric resistance in each time period in the beginning of
reduction reaction in a course of synthesizing the nano-silver particle formation were studied. In addition, analysis was
conducted on particle behaviors according to the changes in concentration of AgNO; and in temperature at the time of
reduction and nucleation and growth course when synthesizing the particles based on the particle behaviors were also
examined. As the concentration of AgNO; increased, the same amount of resistance of approximately 5 @ was increased
in terms of initial electronic resistance. Furthermore, according to the result of formation of nuclear growth graph and
estimation of slope based on estimated resistance, slops of 6.25x100 3289x107%, and 1.85%10°" were derived from the
concentrations of 0.01 M. 0.05 M, and 0.1 M. respectively. As the concentration of AgNO; increased, the more it was
dominantly influenced by the nuclear growth areas in the initial phase of reduction leading to increase the size and
cohesion of particles. At the time of reduction of nano-silver particle, the increases of initial resistance were 4 Q, 4.2 Q,
5 Q. and 5.3 Q. respectively as the temperature increased. As the temperature was increased into 23°C, 40T, 60C, and
80°C, slopes were formed as 4.54x10 %, 4.65x10 %, 5.13x10"°, and 5.42x10" " respectively. As the temperature increased,
the particles became minute due to the increase of nuclear growth area in the particle in initial period of reduction.
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Fig. 1. Schematic diagram of experimental apparatus.

Table 1. Condition of Ag nano colloid sysnthesis.
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Fig. 2. UV-vis spectrum of Ag nano colloid.

Fig. 3. SEM photograph of Ag nano colloid.

UeRict @A AgNOs 57t 5
AZlE Bkt e de vl
of#o] BH, o|&o] E2olc ac'xr
of wfe} S5 WAIHAIGH Ag' 0] 2] BHyof
AT o} We A4S oheut Ze shehukgAl

xa o
Bojxl 7hasll

Hl[o

o 1© nju
= W 4
ri Al
e |4

o

. re
=2
L O o re I8

ok 24 oo |H

+ H* +2H20 —> %—ﬂ'ﬁﬂ i HBO;}_ + 4Hg (l)
HBO, =52 Z71A|#H Ag colloid?]
sto] e B& e EHOA &S 83
oz ¥Wungy 9t [9].
Ag+ol e S weto] wef AT it
b Agtolct AgNO; %7t 0.01 MY
FUg YRt 2717F Boj= ¥iH A3
dol ¥4Y g BEAY & Aotk
AXF Alo)|Z2= 0.01 MY of =4
M2 o 80~90 nm, 0.1 MY
LFERA9Ich AgNOs &7} 0.
dlsto] Wlax 23 2PYd

il
T ro
(=]
— —1

{1 oo rE
o Mo o

'|.

w rlr Ho
sy

rlo

EM

e
it

o
EEE—L—:DEH
> Rl

2,
{e]

2
{::r[ol'*l
L

0

N 4o 2 | ap e oo
' g
un 4

I3 ox oX 2

lo
FA
r
=2

'o_,
oﬁ_C’_a
= 7y

P

ox

40~55 nm.
120~140 n?9] &
Me] 748 0.01 M9

2

njo

2 —



534 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 28, No. 8, pp. 531-538, August 2015 Y.-W. Yoon ef ai

At 3717 P Qon v
2E A

dog e SRe} @

3.2 EAUS Al XE WE B3 UXIE 2N

Ag+ O] o 2 FUuLS o] xg wst=E
BA5L7] st XA Ajd &4 bath UjoA] &%
IR ) MR ARogH E 2

oF 307t LCR meters o]
85to] ghURES A9 xS

AAZ o2 SR s}t

75

—— AgNO, 0.01M
704 --+- AgNO, 0.05
‘ === AgNO, 0.1M

Resistance(q)

v . -
500 1000 1500
Time(sec)
Fig. 4. Resistance data of
concentration,

change of  AgNO;

[J

ANYE 55 2710 wa} A7}
500 sec”tA] Z|E o] A|ArE]
o] F&dte UM RE Hixpdoz
F£O08 RAEE FA7K9 7]&7]
t E]}lc}. olet ZE AL Lamer
Olofl ol A g8 Ag ElsHE
< 84 EAQ NaBH.S 7F Al 2tms} Alefof] o]2
o] 92435 3 A4 7to] P9 o] MM 7t
oA Ag+ 011—1 AR % uxns} L;EOHH Eﬂ”Eﬂ
=

A
e

il
=
'
m
e rL

1o O 4m
o 5 ES
B oo = it qu
ox
lo >
e . ox
ook o o Hr
0=
Q: _t)_

A

-

+ AgNO; s&0o)|A o 5 Q9]
250 sec”tA| A|glo] A|&A o
A AN $£z02 9x|€rt. o]
gt E£7|8F2 2] sHAIM o] ol 22

o] 29 Ano| we} xao] FAsA =718}
o] Ag colloid7} A& H KJ.?W%‘ Aas

LpeR Lt

717 73—?— %}%Iﬂ =4 —ﬁr o 5 ser:?} K16POI
st Z7keto] ®
A

KIMA equation (2)

_,,
f
[00]
1%
rie
T
o]
2,
e
zl
)
1
)
2
2
X
f
o L

MzE HE.H 3“*&*"5‘ "W vE '“Xéo]rfri L JALe]
Albol o2 HAHQ A4 F4 Jezg At
23 5% VRS Al 2ubn Uxjo] AR @l A
ol gt &AE Aot
WA 1971= DI waterof] Z4teo] sjajgjo] gl
@Aolct. £7] Ag+ o]2o] sfa]glo] 7] W&o &

BE N MAN= AgNOs 520 what gAsic,

ZEWL SAAIZE EAE A S AN x| o]

- &7] DAY B9 A £Uat SAl0] Ag+ o]
OI gso] o] WAYsHE PN Ag+ o] 29
AT 28ep FAlo xgo] FAsA ArashA ©t.
Agt 5571 £245 2 AYqA FES A9
sZHlo] ofs MY Al Ag+ o]Ro] sm3o] Z
7teb7] wiEol ROl Ao wls) XNF AlsZo|
F7kstA €.

3l A9 WY et YR} BUA|
siej=lo] Q= BH4-o] 20 9Jafi capping%]©f
A 24Uk Z2olE HEIE P ot &
AR Al ARSE AREEAS] Gk 9s)
ZZo|e9] SAMdo] &y [12]aF =Alo] F ]
olx]._4 tla]._,_ 050]] -IOH x17 I—]EA—]_J KJ'I'E o]
Mol A&Her shshe go] FAHH. Y
7] Ag+ 0|29] 57t FEHE Agt ER0|EQ] &
7t REL SA0 YAHEY olEHE U ofE9 Ag+
ol2Eel FHZNH A¥el Zad o5 MNFEE
o] s o] 571 9 shg o] S7tstA 9ot

apx|eto 2 45«‘71191 BE FM DAESONAM 3 A3
ol 4851 % & capping®d 2l YAEO| ol
9] Agt+ o] 4 25t AR Aol FHEH Ag+
9| %E?‘} RS+F JHiZQ BHA- 5529 7t ot
et A (Dol YeRd ZXY AapHoz Qxte] gAlo|
F8E 0l Mol F7lehe A3t FAHC} YA A
of osff Aol o WSkt YA 2 FKoR

o “|m
f1A=]

_,_
o

oEL' I
o.>:.
|->l' r°l‘ M @ 2 o

U

|.‘-

a



A7) AR A 88 =2 A), #A28A A8E pp. 531-538, 2015 8U: AT

| Stage 2 | ®
°®

@

= P

@ ‘ Stage 3 | ™)

BH, Capped nanochser

‘QI__. . @) “

@

@@

© ﬁ@
0% @g

Fig. 5. Concept of nucleation and growth Ag colloid.

1.0 — —
0.8 Ir" / = — ¢
| f.'
0.6- I|'
0.4 |) 7 B)
I|| ';

024 | _

o a) |a) AgNO3 0.01M
00d /A= 'b) AgNO3 0.05M

|c) AgNO3 0.1M
(] 200 400 600
Time(sec)

Fig. 6. Vt graph of according to Ag+ mole ratio.

sl eue YAl SMEY YA #EE 2l
Lo 7l 0% Q42 A8

3% 68 A 58 MY clojeiet WY L A
Aol cigt ol Mgstol BT WY TH 12
molc, aajmo] Uehd ZAY A7) @AW A
Ag+ 0|29 s} Watato] wet gz A9l 7]

2717} wiststeict. 247F AgNO; s&=7F 0.01 M| 7
O 6.25xx107%, 0.05 M9 7 2.89xx1w0*, 0.1 M9
Ao 185xx10t2 7|127|7F EAE T FRHK O
2 AgNO; 557} 371845 $duts 2719 AZY
9] v|Fo] Wolx|= oz UEHRTH

ol 13 5o Yepd ZXNH eAXet 93k
Ag+ o|R9 x7] 27t S5 BH4- o|2no] =
7] 324 &AYrEE F& Agr o] 9 axld ozt

&l
)

o =

Absorbance (a.u.)

300 400 500 600 700
Wavelength(nm)
Fig. 7. UV-vis spectrum of reduction time at AgNO;

0.05 M mole ratio.

ox
o
-
~
o
ofl
ox
il
rir
»
[e]
fiu
B
i
i
o
m

g oarg saste 2 U 4 Atk WM dolHE
o] Bae Eaf A7IMae et Lub Uzt A
wsjo] mhE ALY 2 ARPolol ofgt ol ol
s stoich

=

SNt gol

[

=
nS
s
2
)
Mo
=]

y M
i
m
e
32
-

3.3 HAAUE Al 25 W0 ME UXNHS

sute x| 25 uisld] TE AR ES BN
: AHE aewe A% Al ge
F138stoict.

2 24k YX}e] UV-vis
Fokatol pet ols) 217 che

reEr
o

=2

8 njo



536 J. Korean Inst. Electr.

Table 2. Condition of temperature colloid sysnthesis.

Exp AgNO; SDS NaBH; Reduction
No. Solution Solution Temperature
I 23T
2 50T
0.05 M 0.005 M 0sM —
3 60 C
4 70T
2.0
a) 23°C
N b) 40°C
/ \;— 2) ¢) 60°C
1.5 3
—_ [7a\ 80°C|
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Fig. 8. UV-vis spectrum of reduction temperature at AgNO;

0.05 M mole ratio.
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Fig. 9.

SEM

temperature of ag nano particle at AgNO; 0.05 M mole ratio.
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