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Investigation of Au-TiO2> Nanocomposite Aerogel Performance
Applied as SERS Substrate

Sima Sadrieyeh and Rasoul Malekfar

Atomic & Molecular Physics, Department of Physics, Faculty of Basic Science, Tarbiat Modares University,
Tehran, P.O. Box 14115-175, I.R. Iran

Abstract- Mesoporous nanocomposite aerogel of Au-TiO: benefits from unique morphological properties of aerogels,
intrinsic physical and chemical properties of TiO2 and plasmonic effects of Au nanoparticles is considered to be used as
SERS substrate. In this research the Au-TiO2 nanocomposite aerogel was prepared by synthesizing titania gel and loading it
with Au nanoparticles and then supercritical drying of composite gel with CO2. The performance of this material for being
used as SERS substrate was established by using crystal violate (CV) as test molecule. The lowest concentration of CV
detectable by this substrate was 10° M

Keywords: Titania aerogel; noble matal; plasmonics; nanocomposites; SERS.

FAY
aib g yiws BBWWW.OPSLIE colu jo a8 cul jLael slls b,90 50 alie oyl


http://opsi.ir/article-1-1469-fa.html

Downloaded from opsi.ir at 12:25 +0330 on Thursday November 15th 2018

VWA age V)Y

J592) Ca3oealS il pelis ol b [V-2] sl oo (2159
LSl 51 oo bowsild so,dgl -l
Seedly oly> (85 5 4 L g la 5 nl 0 8a pamia
4 oad o el (o8 g M) (g5l LSt
@ azg by ool 5109l e s 4y |, SERS (san¥
5 SERS (omiwcil Cone (092 9y 4 g Soesl
S 50,35 —Libes Jisnl CujeelS 95 (sas;
My boGd gl e ol ¥y Gl w
sSlee (AUTIOY) Mo -Liks S5 CaonelS'sil
SERS (sa¥y; lsie a4 CojalSgil (ol (5 S
& Jobre Sl glachle b, Sl el
Syp0 o9e3l JsSge lgie 4 (CV) gy Sl S
wilzee glaclle Goww by a5 13w
VM Y ol s a5 JB S o a8

ol 0ol Caws @

< vey Y
Mo 5398l i Y-

(HAUCI) b Sas ol Joloea Yo ML ploc] )l S 5o
@Jﬁlmdfgb)osom €, Y MM gaiy Yeo b
@ 5l ] ce g a4 Canl (0,95 v Jl> 0 Dol
L e Sl ol Jslome ¥ ML Jglons el s
Jo 3 o slone & oSy VVIF MM sty Yse
Sye 4 e 95 5l Jeleee K5yl a8
(F1955) Slrb 3o ol 50 9 0pd sl (o Lo
G428 V0 Soe @ Jeloe s ol jo WS o puss
Ol 5l 5 2555 o0 o D 4 g > jo Koo
RYTEPPIRY SSUE R VPV Y- FARIR VPV { i I~ PRI
Q] > BB gloo &y Jole (glod oSl 51 o
L)"‘ ud.?- Ty J}Jo w os—hﬁl‘f OJ.SLV.)) Y. mL LY)
S 3l o Al UV-Vis e b o &34

Dol ceilonss (6,565l OYY NM sg05 0

AU-TIiOy S350 <0 j9sol5 g5l 3w ~¥-)

Sloesliisl bog 5 e ey @ Libs J5 ol
Cnd o HO 9 HNO ‘CVHA'OH ‘TI[OCH(CHv)y]f
J5 o DNV 058 0 0dgs VYN /oA YYD Yse

Sl 50,590 Jbl 50 59, FY o 4 sowl s 4

Olnl SEged (5,9L8 g (qwiige il IS e 9 Sigied 9 Sebl il A e slez g S

doddo —)

oiskel S gl (Fasly) (el
ol sl (Jsge LAl (il slat,
OOl S @ sl los S Djpe 4 (il
et el g bt LSl 4 b Sledlll
4 09,0 J 4 oole slacdls plad jo iz slge
il opl jlolely il slale (99 SGL e
adl 0gd oo 0l alize olge €Sl S galie 4
chis mhw (39 SasS da Shy (nl Sezy éle
5 oats @6V gl 5 mle o, SassTy,
by slp ogdoe Glily (P b 4 Jlb DLS 5
A eolitul S50 (il Slagts, (JISAT (nl 0358
Gl,1 sl Shgy et LT Gl jo 45l 4 S
sty ) miwcinb 5l ol slaos
&y aoili g, SERS .l (SERS) ol <o
Alizie gladiges 5l (grrmy oS Jlod 5 olulis
Sl il Rl Gl Glpe 4 &5 Cul
Sl el oad axslis JoSlge SO g4 0 5l (2bo,
Cyye 35 4 SERS o ol Jld  slaws
Gyl bl Gl glend 5 sesbliteg Sl
b olely (SasSly Gl 4 e a5 cuboliseg 2SI
G S Sl 5l b sl VoY e
Ol a8 sl (uz) Ol Ol 3gl Sgendly (gayais
(LSPR) (gauaid oa0l> o slaggendl |,
cde a3 Sl3gl qosls Sdgl Gle ,o el o
PSS ggadsl GRS Guizmen g (Sopd (ole>
sloop)l5 ly S0P jedogele [ el
el o N-Fl e G Sl Sgendly
3l 3l cojluil g g5 5 opdle SERS (slaa¥
23 b cmlie (025 Eaesb (oged ol 2 polaie 4)
el Coal Sl gAYy kle (Ol Sy
Gwgey o2 4 5 G dw dalx (4l oS Lo 5]
lanS Vb mho colus (il b ais Jol5iegje
o il bXis o el glpy el
el Jolie g4l sezy (Jionl Cajelal
@ g oad (Y p3) &b 2l jo cudbl iy Jupes
Jelil iiSeny Jlis! YU mho cols clde
el oy (6 35 gla aSits 315 1o 45 wg3ls ol 3gil

2l g yiws LBWWW.OPSLIE colu jo a5 cul jLael slls )90 5 allie oyl


http://opsi.ir/article-1-1469-fa.html

Downloaded from opsi.ir at 12:25 +0330 on Thursday November 15th 2018

VWAS gy Voo Y

L OV i ol Jsbe sl Jsbome 095 35, U
b Giolesl g 0gi s 0ol e TM Ll eS sale
2 s e 4 Sabige LSS Ioume oz clile
slcdale ;o LV jole Joloxe 5lu@d, L al>ye
0 a8 ol U oogdise planl boame Gialejl §omly
g sanlive ) omiwcinls 5 CV s bglas
VAN BN M s ol o ead eokel (glaclali

REURPECE SIS PR

b vy g S -F

Je3 B o> b FESEM 5l oowl cows 4 pglas
VOSS aes e L ) CojeelSeil Jodsie [LSLe
Sloael Caws a4y mls aas o lis |y pglas cpl 5 (SO
RGP W I Y PRC SR ST S ES v St

CV b bghs ol jasie b ass o jgboles
GaY i collB goamonlis bl a0
bolas ool (9051 Js¥se arieits o oad i
SLIY Jgaz jo ol Hblie slawien s CV lly il

Sl 00

8. —:“ 43 T )
aS ol v W)WLS}’L’ L Jay).e FESEM ).:9..43 :\ Ji..:
e plai ]y o Jrlses b

oyazojlaillawgie | S (g0,8> pox> SBET G]a‘“ ol

(nm) (m“g") (mrgfx)

VPIEY Ve- Y¥o

ol )| sladigy bahas (Faesae) 65,50 Jobwe polie:Y Jgam
Dy Al (V) cdss Jtns S JsSse

M) gge d3e )l g

VP8 sgam o | b slaail> CC Wiy i8S ool

\WEY sga> )0 CN wso cttS ololes)

Ve sgas j0 CH w5 ctes ololes)

Sl Jippl 45 ab saslin miackb el

Olnl SEged (5,9L8 g (qwiige il IS e 9 Sigied 9 Sebl il A e slez g S

395 A Doy Pl (g an T 5lasn g 0l 35,
SR sl g oi (b Sl3gl sudelS Jole 5o
Jsloee 51 U5 9y a5l am (6598b9s (B9)) 95 (s
Pl Gargas an i 5lan 5 oud g5 0,350 gassls
B e o L R
S YV- atm [Les g VO 'C o sles yo op,SanSTiss

o g.i.v) LS"?'C)‘ od.c] Cowd J)j)-" \39.“.»‘59
J3anl o Mo D3gl Sl anslio 5 (o) Hokaie 4
5 J5 e 3 om0 00 45 0 s 5 Al il
Sl Sige a5 il o9 S S

s g e S00lS 96 ol dasdio Y -F

PPy San 650 ppSe Lang 0ad adgi o jenalS oil
)5 5y b (FESEM) Slae JouS (o2ug) (5955l
or Slp Grizmes L3S 1B (puyp 355010 KV
o Caeelial cwlibcsn, 5 @ kle olakis
SLlogei sy 5 S5 miwdH o503l Bk
g o[-0 <plpo <:/F Si3=> Lad 0 Ny Cixly g Lde
sl ol BET g, 5l solil b 5 VY K (slos

el Cawd 4 diges

SERS W&.‘-ﬁb ,al:q;ﬂ -Y-¥

V) oSkes LS o lp GBS Gl o
0331 Js¥se olgie 40 (CV) gy Jlws 5 5| SERS
51 SERS (sl jisle;l plol (sl canl ons onlicul
;5 b Thermo Nicole lol, ocanil, mwcab
B g 995 oo ooliul OYY NM zge Jsb ,s Nd-YLF
B gz o il S (ks (sl SERS (g5l ploxil
@yt el 00 (6 S0l CV oy el gl ol
CV ol Jslxe 5 Il SERS lacil (s 5ol
Jade w390 o0 00kl Ve Ml lale b ok
Sgu> (sgl> a5 ¥ ML Jbg (39,8 Lged 5l (05 Sl
V0 Sgam 5 oad 4y, Cewl OV o] Jslxe \ ML
@ atid] CojeelS s dilo o o U3 aids
ol 5 oad g Juy U 51 CV Jolxe
S Goye o webee ol T gy g b
@) CV amis 4 0B (@Y ) olee 4) Cojemls
0 CV aasin bghs wil (Kiagls b et lgxe
Wy gl 1o )0 098 o cdwline a6 S ojlail b

2l o yiws BBWWW.OPSLIE colu jo a5 el jlael glls 590 50 allie oy


http://opsi.ir/article-1-1469-fa.html

Downloaded from opsi.ir at 12:25 +0330 on Thursday November 15th 2018

VWA age V)Y

1. Larkin, P., Infrared and Raman
spectroscopy; principles and spectral
interpretation. 2011: Elsevier.

2. Le Ru, E. and P. Etchegoin, Principles of
Surface-Enhanced Raman Spectroscopy: and
related plasmonic effects. 2008: Elsevier.

3. Hong, S. and X. Li ,Optimal size of gold
nanoparticles for surface-enhanced Raman
spectroscopy under different conditions. Journal of
Nanomaterials, 2013. 2013: p. 49.

4. Sharma, B., et al.,, SERS: materials,
applications, and the future. Materials today, 2012.
15(1): p. 16-25.

5. Xu, S., et al, Ag-decorated TiO2
nanograss for 3D SERS-active substrate with
visible light self-cleaning and reactivation.
Analyst, 2013. 138(16): p. 4519-4525.

6. Mao, Z., et al, Metal-semiconductor
contacts induce the charge-transfer mechanism of
surface-enhanced Raman scattering. The Journal
of Physical Chemistry C, 2011. 115(37): p. 18378-
18383.

7. Baia, M., et al., Towards Improving the
Functionalities of Porous TiO2-Au/Ag Based
Materials. Advanced Sensor and Detection
Materials, 2014: p. 193-227.

8. Baia, M., et al. Highly porous
nanocomposites based on TiO2-noble metal
particles for sensitive detection of water pollutants
by SERS. in Journal of Physics: Conference Series.
2011. IOP Publishing.

9. Baia, M., et al., Porous nanoarchitectures
based on TiO2 aerogels and Au particles as
potential SERS sensor for monitoring of water
quality. Vibrational Spectroscopy, 2008. 48(2): p.
206-209.

10. Keating, C.D., et al., Kinetics and
thermodynamics of Au colloid monolayer self-
assembly: undergraduate experiments in surface
and nanomaterials chemistry. J. Chem. Educ, 1999.
76(7): p. 949.

11. Sadrieyeh, S. and R. Malekfar, The effects
of hydrolysis level on structural properties of
titania aerogels. Journal of Non-Crystalline Solids,
2017.457: p. 175-179.

12. Kudelski, A., Raman studies of rhodamine
6G and crystal violet sub-monolayers on
electrochemically roughened silver substrates: Do
dye molecules adsorb preferentially on highly
SERS-active sites? Chemical Physics Letters, 2005.
414(4): p. 271-275.

Olnl SEged (5,9L8 g (qwiige il IS e 9 Sigied 9 Sebl il A e slez g S

S )0 @i CV b bghs jasis 4 08 bl
sl 9 OV 5 ol ous s il 5
o glacab aes askis |, Ve M ocdale b
ol ol B Y S o Giolesl cpl 5l sael caws
5 QW Syl Cools galauly Mb l)dgl gax
zedsb 5 Wl pdx gaedsk anin Slises
Gk sl olely Sl Gl 4 e 55 SO

el 0 _moliing 1S he,

S5 axis —¥

Co9mlS gl Db 39l i 5l e Allde pl o
OO S s 5 J5 — e by 4 AU-TIOY 355!
O yglate 4 Cawl oad eolel COy L Jlymu
SERS sa¥pj glee a4 CojeslSgl ol oL
a5 el gsesl JsSse plyie 4 OV (ol Jslr
YA @"L‘ljs 03 .s.Jy &g)wlfjjli aS ol odwlie
Wiges Sy s b bl ga Ll Ve M cale b 1, CV
ose3l con Gl o Slee oy p g alls SLilis U590
Jole el place a5 polilan 45 b svnline clic
S5 Cold 3425 SERS  viwcals yowl 994
C).}" » Oj)i.c ‘;’M‘ G)’Lb L?L».}" )O 66)15 Q‘):}}.’L;
So25 55 9 Mo i zaedsk ainn Slises
okl Covs @ slacal sse 55 BB S ol

S5l

9
A
3
o]
]
2
D =
T T T T T
A 12 ¥ " Yous A 5 ¥
€M) £ pusie

00 i Ca55melS il 5 el Caws 4 SERS el Y JSis
el oads plaie Solie K, L clale p e gbbcdale o
e o 009 i Sy 4y 5 CVP ez p CV Ll il

&= yo

2l g yiws LBWWW.OPSLIE colu jo a5 cul jLael slls )90 5 allie oyl


http://opsi.ir/article-1-1469-fa.html

