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ABSTRACT

This research account is an attempt to apprehesedirttportant parameters for synthesizing monodisgkiGold
nano rods (GNR) of desired aspect ratios. Thepdthora of synthetic strategies for the synthe§i&SNR amongst
which seed-mediated one is the most celebratedione it is simpler and is capable of synthesiZaNR of desired
aspect ratio. But the biggest hurdle is to standeerdall the parameters such as concentration ofl giiloride,
CTAB, AgNO3 and pH for GNR synthesis and also cehgird the most accentuating and key parametershwhic
affects the most. This is possible only with tHe béa Taguchi L9 Orthogonal array design whichaistatistical
tool to optimize the parameters and also find tleecpntage effect of each parameter. The S/N rakiclwwas
selected for the synthesis of desired aspect redi® ‘smaller the better’ which could assist in #yathesis of GNRs
of desired aspect ratios. After optimization thestrinfluential parameters for GNR synthesis is fbtmbe 0.5mM
Gold, 0.2M CTAB, 5mM Silver nitrate and 3.1 pH.
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INTRODUCTION

Gold nanoparticles exhibit unique size and shapeddent properties which is conspicuously seenoioucs
ranging from wine red to blue color as a consega@fcquantum confinement effect. The burgeoningrést in
anisotropic structures such as rods, trianglesesudue to their enigmatic applications has ledht gcientific
endeavour. Gold nanorods (GNRs) need special cafégions since they exhibit relative stability aogtical
properties over other anisotropic structures, #xtsbiting avalanche of applications in catalysiptoelectronics,
optics, single electron transistors, nonlinear egbtdevices, photo-electro chemical applicatiomsicer treatment,
markers for TEM and SEM, Nano-electronics and Nelmips [1] . They possess two localised surfacemta
peaks i.e. transverse surface plasmon peaks (T&RdR)ongitudinal surface plasmon peaks (LSPR). TBER
peak is more sensitive to aspect ratio of the rah@nd is red shifted from visible to infra red ioegwith
increasing aspect ratio. The aspect ratio of GNisbe tuned based on their optical extinction spectTowards
extension of Mie theory, relationship between estton coefficient and aspect ratio for prolatepaid which is in
approximation to nanorods is given [2] . The aspatit is the function of different parameters sashtemperature,
pH, and concentration of reactants and the diétectmstant of the solvent used for synthesizingRSN3] . The
scattering efficiency of the GNRs is proportional wavelength of light as well as aspect ratio. Bfsorption
efficiency is dominant for smaller rods and scattgrefficiency is dominant for larger rods keepifixed aspect
ratio.

The different strategies for the synthesis of GNBlude template method, electrochemical methodd-Beediated
method, photochemical method and several others.ibst celebrated and simple method to fabricatR&N
seed mediated. This method is most effective imdpecong high yield nanorods. Towards this endeavmaterial

965
Scholars Research Library



Madhuri Sharon et al Arch. Appl. Sci. Res., 2012, 4 (2):965-970

scientists have synthesized gold nanorods usingteitstabilized Gold nanoseeds [4]; CTAB (Cetyinéthyl
ammonium bromide) protected Gold nanorods using geeds [5] synthesized by Sodium borohydridepdified
the seed mediated method of GNRs synthesis whigloiéged AgNO3 for one-dimensional growth of GNRsalso
tried [6].

Our group has also been working on perfecting tfmeh&sis of GNR of desired aspect ratio and mompeussty.
During our endeavour we have realized that thougpeet ratio of GNRs can be tuned by varying sessiti
parameters such as the concentration of Gold ddpriemperature, pH and solvents as aforementiotied,
selection of these reaction conditions as a whdienobecomes a daunting task. To unravel such mgate
problems, a statistical treatment consideringtalimportant parameters in a hierarchy becomes atand

Taguchi methodology In the present work, an attempt has been made naprehend the different variable
parameters involved in gold nanorod synthesis amgact of each parameter on the overall reactiomduhe
formation of GNRs. This has been achieved by TagOcthogonal array method which is used as a todeiect
the desired aspect ratio of GNRs by manipulatirmpmbination of design variables. The S/N ratio istatistical
operation which selects the best combination ofdé&ign variables. The L9 Taguchi design was etqidio study
the effect of variables such as gold ion, CTAB, AgNoncentrations and pH. The impact of these varsablethe
aspect ratio of GNRs was studied using Taguchigdesi investigate the effect of different operatibfactors on
the overall response of the aspect ratio of GNRsgusine experiments with logical combinations afgmeters in
an orthogonal array.

To the best of our knowledge, this is the firstdewvice of parametric optimisation of aspect ratidadfRs using
Taguchi method as a statistical tool to find o thost optimum parameters. The present work ist@mpt to
comprehend the optimum parameters for GNRs syrsthesng Taguchi array as well as the percentagetedi
each parameter on overall synthesis of GNRs ofelgsispect ratio.

MATERIALS AND METHODS

Materials

Chloroauric acid (HAuGl Molecular Weight 393.79g mol), sodium borohydrataBH4), ascorbic acid, silver
nitrate were obtained from Sigma Aldrich, USA. #lle glassware were washed with aqua regia and iexpets
were performed in Nanopure water (18)M GNRs synthesis was done using seed mediatdtboh§f]

Characterization

The spectrophotometric analysis of the colloiddutsons containing GNR was carried out using Perkimer
(Lambda 25) UV-VIS spectrophotometer. Morphologickgtails of the synthesized GNRs were studied using
Transmission Electron Microscope (TEM) (Zeiss Mioraging GmbH, Germany) and FEG-Scanning Electron
Microscope (SEM) (Zeiss Microimaging GmbH, Germami) samples were centrifuged (REMI) at 5000rpnd an
then both the side walls and sample present dbdttem of the centrifuge tube were separated aed ffaced on
formvar coated copper grid for TEM analysis andsiticon wafer for SEM.

Preparation of the seed

2.5 ml of 1mM of HAuCI4 was added to 5ml of 0.2y¢dtimethyl ammonium bromide (CTAB). To this sdtut
600ul of pre-chilled 10mM Sodium borohydride (NaB®Hvas added under vigorous stirring condition forgnpale
yellow coloured solution. The experiment was parfed at 20 C using Nanopure water (1&M).

Preparation of the growth solution

Growth solution for GNRs was prepared by 2.5mlmiM HAuCI4 in 2.5ml of 0.2M CTAB. To this solutiod, 13l

of 4mM AgNGQ; and 35 ul of 78.8mM ascorbic acid were added ¥ad by gentle agitation forming a transparent
growth solution. 4l of seed solution was trangférinto unstirred growth solution and the reacti@s allowed to
take place for 2 hrs.

Taguchi design of experiments

Taguchi method for optimization of parameters wabived [8].The selection of the parameters wasbtam our
previous works on parametric optimization of GNRes ffhotothermal therapy. The design of the expeartsaas
done using four different parameters which are @liytwexclusive (Table 1). L9 orthogonal array wasdito set up
the experiments (Table 2). The three parametrieltewere selected in such a way that a desirecevafiaspect
ratio of GNR is derived. As a matter of fact, ttmeadler the better factor was signal to noise raff®/® ratio) were
used for the determination of the percentage impbeach parameter on GNR synthesis viz., smdikebetter. The
calculations done were as follows:
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2
S/N =10Log Sduare of means(y’) @)
Variance (v)

Where y is the mean response calculatedyas- (% z yi)

And V represents the standard deviation expressed as

_ (y; - y)°®
V'\/Z (n - 1)

Table 1- Different parameters and levels used, toesign orthogonal array

Parameters Level 1| Level2| Level3
A. Gold salt Conc.| 0.5mM 1 mM 1.5mM
B. CTAB 0.2M 0.3 M 0.4M
C. AgNG; 3mM 4mM 5mM
D. pH 2.5 3.5 4.5

The different parameters involved in designing kekiaspect ratio of GNRs are Gold salt, CTAB, AgNO3
concentration and pH. In the present work, thepenature of the reaction system was kept at 20°ichnik found

to be optimum based on our previous results. Thiferent concentrations of Gold salt (0.5, 1.06M), CTAB
(0.2, 0.3 and 0.4M) and AgN@3, 4 and 5mM) were considered and different pHs,(3.5 and 4.5) were also
selected. L9 Orthogonal array.

Table — 2: L9 Orthogonal table as per Taguchi methd for GNR Synthesis

Exp. No. | GoldsaltA| CTAB-B| AgNQ-C | pH-D
L-1 0.5mM 0.2M 3mM 2.5
L-2 05M 0.3M 4mM 35
L-3 0.5mM 0.4M 5mM 4.5
L-4 1mM 02M 4mM 4.5
L-5 1 mM 0.3 M 5mM 2.5
L-6 1 mM 0.4M 3mM 3.5
L-7 1.5mM 0.2M 5mM 35
L-8 1.5mM 0.3 M 3mM 4.5
L-9 1.5mM 0.4M 4mM 25

RESULTS AND DISCUSSION

Taguchi Design and Optimisation:

The parametric comprehension for GNR synthesisamdttempt to quantitatively study the impact afiwidual
parameter in overall synthesis has led to the éspion of statistical support system such as ThgDesign. This
design of experiment has got a daunting task eictielg the best parameter for synthesis of GNRiesired aspect
ratios. Since the object of this work was to filheé test conditions for the synthesis of monodigzeiGNRs of
smaller aspect ratio relevant for photo-thermakapg of cancer, signal to noise (S/N) ratios weaécudated
assuming the “smaller the best” condition [8].

The parametric optimization of all the variables tlee criteria smaller the better exhibited 0.5mddgions, 0.2 M
CTAB, 5mM AgNO3 and pH 3.5, to be effective for GNfgnthesis (fig - 1). This is in accordance witle th
experimental results as shown in table (table 1).
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Figure — 1: Showing (A) % impact of each parameteon the GNR synthesis and (B) S/N ratio of parameteémpact as per
smaller the better calculations of Taguchi method yellow —gold, white CTAB, grey — silver and red — pi

The above figure (considering Smaller the Bettét &itio) shows horizontal axis having differentdéssof each
significant factor and the vertical lines indicaths trend of each parameter at different levels.

Considering smaller the better as a criteria fetetmining the smaller aspect ratios, it was fotirad the optimum
conditions for designing GNRs of 3.5 to 4 aspetibrawere 0.5 mM of Gold ions, 0.2 M of CTAB andhiM of
AgNO; at 3.5 pH. Gold ion conc. was kept at the helrBNR synthesis i.e. at level 1, CTAB at level 2, giHevel

3 and AgNQ at level 4. However, these calculations illustrdéxiations from S/N ratio which are incapable of
showing an impact of each parameter on the aspéict of GNR. Thus, to investigate the % influendetfese
levels and parameters on the smaller aspect rdaffect of factor of each parameter” (FOE %) wesdculated.
The most influential parameters for smaller aspaiibs were CTAB 38.41 %, Gold ions 32.37 %, pHo6/6 and
AgNO; 11.63.

The optimization of GNR synthesis was performeddoraller aspect ratios. It was deciphered @&AB has a
major role to play in GNR formation. It was fourallie optimum at 20 C which is also the “Kraft pbifiar CTAB
allowing single layered micelle formation. Withiinis micelle, 1D crystal growth of nanorod is pb$si Further,
the role of CTAB is to form strong metalo-micelleomplex, protecting instant reduction of ‘Alby caging the
complex inside the micelle. The vectorial growmthGNIR is the resultant of preferential adsorptiolCafAB on 110
facets inhibiting any extra growth at 111 facet&R leading to disciplined elongation of GNRs.

The next most imperative armamentariunCisncentration of Aurochlotic Acid. The ratio of CTAB: Al® were
found to be 400:1, which is optimum for regulatedvgth of nanorods.

It was contemplated thaH is also one of the most influential parameter fdNRGsynthesis. At inherent pH (2.5 -
3), UV Vis spectrum of the growth solution showghh@SPR and LSPR peaks. The Gaussian shape of iSPR
sharpened at this pH which is an indicator of umif@and monodispersed GNR.

The shape and size of the nanoparticles were fucihefirmed using TEM (Fig. 1 and 2) which indiesirods of

smaller aspect ratio with flat tips. As we increttse pH to 4.5, the morphology of GNR becomes tsfraped (Fig.
) leading to the reduction of the aspect ratios.gh&y/s a cardinal role in the tailoring of GNRs duoethe slow

reducing capacity of ascorbic acid. The weak radngiotential of ascorbic acid at lower pH resuitshe reduction

of the Au® to Au™ which is further reduced to Alion addition of seed solution. Moreover, the weadkuction

potential of ascorbic acid at lower pH is not cdpamough to reduce silver ions to Ateading to the formation of
AgBr [9] which binds at specific facets leadingdicected growth of GNRs.

The optimum concentration @ilver Nitrate was also determined to be 5mM which is respondinledirected
growth and assembly of GNRs in the presence of CTAd@Br has a dominant role to play in the synthe§i&NRs
by getting deposited on 110 facets of GNR surfat¢ise gold- CTAB complex.
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Fig 1 — (a) UV spectra of GNR synthesized under atiptimal parameters (i.e. 0.5mM gold ions, 0.2 M TAB, 5mM
AgNO3 and pH 3.5) and (b) TEM of gold nanoparticleshowing spherical as well as rod shaped structures
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Fig.2 (a) UV spectra of parameters (1.5 mM gold chtide, 4mM AgNO3, 0.5M CTAB & pH 4.5) that failed to
yield GNR, instead produced only spherical gold nam particles. (b) and Transmission electron microgph
of spherical gold nanoparticles

An attempt was done [10] to proposed a model ddrikem Taguchi model to predict the mean size efghrticles
as well as the width of the corresponding sizeritistion . Following the same model, (parameterseweptimised
for the synthesis of flower like cobalt nanostruesiunder the influence of microwave radiation [11]

It must be mentioned here that our attempt haslgieh mixture of GNR and spherical gold nano padidNVe have
standardized a method to separate out the GNR faomixture of muti-shaped gold nano particles using
centrifugation (in press)

CONCLUSION

Taguchi optimization has helped in deciding thet Ipasameters for the synthesis of moderate aspdotaf GNR
which we propose to study for their suitability fatotothermal therapy of cancer.

REFERENCES

[1] Tao Jun, Lu Yong-hua, Zheng Rong-Sheng, Lin Kai-QXie Zhi-guo, Luo Zhao-Feng, Li Sheng-Li, Wang
Pei, Ming Hai,Chin.Phys.Lett.2008,25(12), 4459.

[2] Link S. and Mostafa A El-Sayetht. Reviews in Physical Chentry, 2000,19(3), 409

[3] J. Perez-Juste, B. Rodriguez-Gonzalez, P. Mulvan®¥, Liz-Marzan, Advanced Functional Material2005,
15,1065

[4] N.RJana, L. Gearheart, C.J. MurpbyPhys. Chem.,2001,105, 4065

[5] J. Murphy, T. K. Sau, A. M. Gole, C. J. Orendodf,X. Gao, L Gou, S. E. Hunyadi, T LI, Phys. Chem. B
2005,109,. 13857

[6] B. Nikoobakht, M.A. El-Sayedzhem. Mat, 2003),15, 1957

[7] Mostafa-El Sayed, P. K. Jain, K. S. Lee, I. H. B&d, M. A. El-Sayed]. Phys. Chem. 006,110,

969
Scholars Research Library



Madhuri Sharon et al Arch. Appl. Sci. Res., 2012, 4 (2):965-970

[8] G.S. Peace, Taguchi Methods: A Hands-On Approaddjsdn-Wesley, (1993).

[9] F.Hubert, F. Testard, O. Spallaangmuir,24,2008, 9219

[10] A. Habrioux , S. Hebié, T.W. Napporn & J. Roussd&. Servat, K. B. Kokoh2011, doi 10.1007/s12678-
011-0064-z

[11]K. Shojaee, M. Edrissi, H. lzaddpur Nanopart. Res201012:1439

970
Scholars Research Library



