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Abstract: Different reducing agents, namely, adipic, ascorbic, benzoic, oxalic (organic acids) and 

tyrosine (amino acid) have been used to determine the morphology of gold nanoparticles in presence of 

cetyltrimethylammonium bromide (CTAB). The kinetic data suggests that the nature of the reducing 

agents and presence of phenolic hydroxyl group have great influence on the size and the size distribution 

of gold nanocomposites. The particles are poly-dispersed with an approximate size of 24 (spherical), 30 

(spherical), 83 (irregular), 60 (irregular) and 40 nm (nano flower) for adipic, ascorbic, benzoic, oxalic and 

tyrosine, respectively. The formation rates of nano flower was higher in comparison the other 

nanoparticles. In case of tyrosine, tiny particles aggregated in an unsymmetrical mode, leads to the 

formation of beautiful branched-like gold nano flower.  The reaction follows first-order kinetics with 

respect to [tyrosine]. Probable mechanism has been proposed and discussed to the formation of nano 

flower gold. 
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1. INTRODUCTION 

Turkevitch and his coworkers reported a conventional and simple chemical reduction method to 

the synthesis of gold nanoparticles (AuNPs; size = 20 nm) using citrate and HAuCl4 in water for the first 

time [1]. In a typical experiment, Frens varied the ratio of reducing agent ( trisodium citrate ) and 

oxidizinig agent ( gold derivatives ) and obtained the AuNPs having the size between 16 and 147 nm [2].  

Generally, citric acid, ascorbic acid, amino acids,  and/or their salts and a stabilizer, namely,  
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Figure 1.  TEM  images (left panel) and particle size distribution histogram (right panel) of 

AuNPs prepared by the reduction of organic acids  with HAuCl4 in presence of CTAB. Reaction 

conditions: [HAuCl4] = 2.0 × 10
-4

  mol dm
-3

 ,  [CTAB] =  20.0  × 10
-4

  mol dm
-3

, [adipic acid] = 

40.0 (A), [oxalic acid] = 40.0  (B), [ascorbic acid] = 40.0  (C), and [benzoic acid] = 40.0  × 10
-4

  

mol dm
-3

 (D). 

 

 

 
 

Figure 2. TEM images of AuNPs and selected area diffraction electron ring patterns prepared by the 

reduction of tyrosine with HAuCl4 in presence of CTAB. Reaction conditions: [HAuCl4] = 2.0 × 10-4  mol 

dm-3 ,  [CTAB] =  20.0  × 10-4  mol dm-3, [tyrosine] = 40.0  × 10-4  mol dm-3. 
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cetyltrimethlyammonium bromide have been employed to the morphological evaluation ( from spherical 

to multi branched included flowers) of advanced nano materials of gold and silver in seed growth and 

chemical reduction methods from past decades [3-12].  Henglein used radiation method to the formation 

of long-time stable colloidal silver nanoparticles and suggested that citrate was a spectator and capping 

agent to the ongoing redox processes [13]. It has been established that the nucleation, growth, adsorption, 

stabilization, and morphology of  nano particles strongly depended on the methods, nature of reducing 

agents, presence of stabilizers, pH of the reaction media and rates of reactants addition [3, 6, 14-20]. Au 

nanoflowers with tailored surface textures have been synthesized by Yamauchi et al. with the redox 

reaction of KAuBr4 - ascorbic acid in presence of gum Arabic [21]. They demonstrated that Au 

nanoflowers exhibited excellent biocompatibility to human bladder cancer cells T-24. Zhang et al. 

synthesized flower-like Au nano-, and multiple tips with dendritic like- structures through a one-step 

reduction of HAuCl4 with dopamine at room temperature and discussed their biocompatibility with cancer 

cells [22]. Feng and his coworkers reported a simple method to the synthesis of network-like Au nano-

chains and Au nano-flowers by using ascorbic acid, sodium borohydride, and cytosine as reducing-, and 

capping agents, respectively and the resulting particles has been exploited for the amperometric detection 

of H2O2 [23]. Xiao and Qi in their pioneering feature article discussed the general strategies of various 

methods ( adsorbate-directed, seed-mediated, and  template-assisted) which controlled the growth kinetics 

of Au-nanocrystals [24]. Due to their unique plasmonic properties, shape-controlled AuNPs have wide 

potential applications in light concentration, manipulation, photovoltaic devices, biosensors, and fano 

resonance related applications [21- 25]. 

CTAB is a cationic surfactant serves as a soft template, soluble in water, readily soluble in 

alcohol and one of the components of the topical antiseptic cetrimide. It has been widely used in synthesis 

of AuNPs (e.g., spheres, rods, bipyramids, platonic, nanoplates, and branched nano stuctures) and acted as 

a shape-directing, capping and stabilizing agent [26, 27]. Adipic acid is one of the most important 

compounds among all aliphatic dicarboxylic acids. It has been used as a raw material in the production of 

synthetic fibers, nylon 6,6, polyurethanes, plasticizers, low temperature synthetic lubricants e.t.c. [28, 29]. 

Benzoic acid ( aromatic carboxylic acid ) and its salts used as a food preservatives, which inhibit the 

growth of mold, yeast and some bacteria.  Bal et al. developed a new synthetic strategy to prepare 

metallic silver nanoparticles supported on tungsten oxide nanorods with diameters between 40 and 60 nm 

in the presence of CTAB [30]. Recently we have used tyrosine (polar side chain aromatic amino acid) to 

the preparation of silver nanoparticles and discussed the shape directing role of CTAB [19]. To the best of 

our knowledge, the synthesis and morphology evaluation of AuNPs by the chemical reduction of HAuCl4 

with organic acids in presence of CTAB is limited in literature. Our goal is to use the different orgamic 

acids (monobasic, dibasic, tribasic, and vitamic) for the preparation of AuNPs. For this purpose, we have 

chosen monobasic (benzoic acid), dibasic (adipic, and oxalic acid ), tribasic ( tyrosine; α-amino acid play 

an important role in determining the morphologies of the noble metal nanocomposites) and vitamin C ( 

ascorbic acid ) to see the structural effects on the morphology of AuNPs. We performed a systematic 

study with the following aims: (1) to see the structural effects of reducing agents on the nucleation and 

growth processes ; (2) to establish the role of ionization constant on the morphology; and (3) to determine 

the effects of shape-directing CTAB on the stability of AuNPs. The mechanism to the formation of nano-

flower by tyrosine-HAuCl4 redox reaction has also been proposed and discussed for the first time in 

presence of CTAB. 
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Table 1. Structural effects of reducing agents on the morphology of gold nanoparticles
a 

Reducing agent            Shape      Size    Color/Rates/λmax      Ionization constant     Ref.  

                                                     (nm)           104(s-1) / (nm)  pK1    pK2    pK3 

                                                                                                                                                                             

HOCH
2
CH-

OH

OH

O
O

HO

COOH

COOH

CH
2
CH

2
COOH

CH
2
CH

2
COOH

 irregular       21.9   purple;  3.2;  475        1.23   4.19           present

   spherical     30.2    yellow ; 1.4;   475    4.10   11.6                 12

 spherical     8.2    light yellow ; 0.5;   475  4.42   5.42            present

                        

-CH2CHCOOHHO-

NH
2

-COOH

 flower   40   dark yellow; 475   3.8   2.17    9.19   10.47    present

 irragular   20.0 golden yellow; 475       4.20                  present

 
 

a[HAuCl4] = 2.0 × 10-4  mol dm-3 ,  [CTAB] =  20.0  × 10-4  mol dm-3, [oxalic acid] = 40.0, [ascorbic acid] =  40.0, 

[adipic acid] = 40.0 , [tyrosine] = 40.0 ,  and [benzoic acid] = 40.0  × 10-4  mol dm-3 . 

 

 

2. EXPERIMENTAL 

2.1.  Chemicals and instruments 

Double distilled, deionized and CO2 free water was used as solvent. All the glass wares were 

washed with aqua regia solution ( HCl / HNO3, 3:1), then rinsed thoroughly with water prior to use. 

Adipic acid ( HOOC(CH2)4COOH), benzoic acid ( C6H5COOH), oxalic acid (HOOCCOOH), tyrosine 

(HOC6H4CH2CH(NH2)COOH), ascorbic acid ( C6H8O6),  chloroauric acid (HAuCl4), and 

cetyltrimethylammonium bromide were purchased from Sigma Aldrich, and used as received. Tyrosine 

and benzoic acid are slightly soluble in water, solubility increases in hydrochloric acid and in sodium 

hydroxide solutions at 25 0C. Therefore, stock solutions of these reducing agents (0.01 mol dm-3) were 

prepared by adding the required amount of these acids in 25 ml double distilled water and diluted with 

0.01 mol dm-3 HCl and NaOH solutions to the required volume and stored overnight. The Perkin Elmer 

(Lambda 25) UV-Vis spectrophotometer, Accumet, Fisher Scientific digital pH meter 910 fitted with a 
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combination electrode and Transmission electron microscope ( Hitachi 7600 with an accelerating voltage 

of 120 kV ) were used to record the spectra, pH and morphology of AuNPs. The size distributions were 

determined by image analysis using the Image J software package. All TEM images samples were 

prepared by drop casting of nanoparticles solution onto a carbon-coated copper TEM grid.  
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Figure 3.  Spectra of AuNPs prepared by the reduction of organic acids with HAuCl4 in presence of 

CTAB. Reaction conditions: [HAuCl4] = 2.0 × 10-4  mol dm-3 ,  [CTAB] =  20.0  × 10-4  mol dm-3. 
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Figure 4.  Effects of [CTAB] on the nucleation and growth of AuNPs. Reaction conditions: [HAuCl4] = 

4.0 × 10-4  mol dm-3 ,  [tyrosine] =  20.0  × 10-4  mol dm-3. 
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Table 2. Wavelength and absorbance data to the formation of AuNPs for different reductants  

Wavelength                                         Reducing agents  

(nm)                   Oxalic acid         Benzoic acid         Tyrosine         Ascorbic acid     

350           0.548       0.580             0.550              0.430 

375                0.578       0.592             0.580            0.420 

400                0.590       0.596             0.590            0.412 

425                0.586       0.596             0.588            0.402 

450                0.572         0.592                0.576              0.386 

475                0.558       0.584             0.562            0.380 

500                0.468       0.54             0.468            0.408 

525                0.334       0.432             0.327            0.468 

550                0.243       0.336             0.235            0.504 

575                0.165       0.25             0.165            0.516 

600                0.098       0.166             0.104            0.508 

625                0.061       0.117             0.070            0.498 

650                0.046       0.096             0.051            0.482 

675                0.039       0.080             0.045            0.462 

700                0.031       0.074             0.048            0.432 

     

2.2. Preparation and Kinetics of AuNPs 

In a typical experiment, reducing agent(s) (5 cm3 ; 0.01 mol dm-3) was added to CTAB solution (5 

cm3 ; 0.01 mol dm-3) and diluted with distilled water (total volume = 50 cm3). After complete mixing, 

HAuCl4 solution (5 cm3 ; 0.01 mol dm-3) solution was added into the reaction mixture and stirred well. 

Surprisingly, the colorless reaction mixture became orange as the reaction time increases, which might be 
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due to the reduction of HAuCl4 into Au0 , suggesting the formation of AuNPs [19, 21, 22]. It is to be 

noted that we did not observed the appearance of any color in absence of CTAB for a short reaction time, 

i.e. 20 min. Controls experiment also did not show the formation of any color in the absence of either 

HAuCl4 and/or reducing agent(s). For the measurement of reaction rates, the two necked reaction vessel 

containing required concentrations of  HAuCl4 ( 2.0  × 10
-4

  mol dm
-3 

) and CTAB ( 20.0  × 10
-4

  mol dm
-3 

) equipped with a double-surface condenser to prevent evaporation was kept immersed in the water bath 

thermo stated at room temperature and the solution was left to stand for 5 min to attain equilibrium. The 

reduction of HAuCl4 was initiated with the addition of required volume of reducing agent(s). The 

formation of AuNPs was followed spectrophotometrically by pipetting out aliquots at definite time 

intervals and measuring the surface Plasmon resonance absorbance of AuNPs gold at definite time 

intervals. Apparent rate constants were calculated from the initial part of the slopes of the plots of ln (a / 

(1 – a)) versus time, where a = At / Aα (absorbance At at time t and Aα  is the final absorbance) with a 

fixed time method (vide infra). The results were reproducible to within ± 5 % with average linear 

regression coefficient, r ≥ 0.998 for each kinetic run.  The pH of the reaction mixture was also measured 

at the end of each kinetic experiment and observed that pH drift during the course of the reaction is very 

small (with in 0.05 unit). Preliminary observations showed that CTAB play a crucial role in the 

preparation of different colored gold sols.  We did not observed the appearance of perfect transparent 

colored of AuNPs in absence of CTAB. Surprisingly, the different color was developed with different 

reducing agents and HAuCl4 as the reaction time increases, suggesting the formation of nanoparticles 

[19].  

 

3. RESULTS AND DISCUSSION 

3.1. General consideration and TEM images 

  It has been established that electron-donating and electron-withdrawing substituents seem to increases 

and decrease the reactivity of the molecule to gain or loss the electrons [5, 13]. In order to compare the 

reactivity of HAuCl4 towards different reducing-agents, a series of experiments were carried out. In the 

first set of experiments, adipic, oxalic,  benzoic acids were used to the reduction of HAuCl4 in absence 

and presence of CTAB. In the second set of experiments, tyrosine and ascorbic acid were used for the 

same purposes under similar experimental conditions. In order to establish the role of [HAuCl4], [CTAB], 

and [tyrosine], a series of experiments were performed under different experimental conditions, i.e., 

[HAuCl4] = 2.0 to 10.0 × mol dm−3, [CTAB] = 5.0 to 40.0 × 10−4 mol dm−3 and [tyrosine] = 10.0 to 40.0 × 

10−4 mol dm−3.  Figures 1 and 2 show the TEM images of AuNPs prepared by using the above mentioned 

reductants. The corresponding histogram of the particles size distribution for the respective samples is 

presented along with the TEM images. The variation of the average particle sizes have been observed due 

to different electrons losing  abilities of reducing agents (adipic acid, oxalic acid, ascorbic acid, and 

benzoic acid) towards HAuCl4 salt reduction in the CTAB micellar system. The size of the resulting 

AuNPs were also calculated from the TEM images and found to be for adipic acid = 8, 13, 24, 30, 32 nm, 

oxalic acid =  47, 62, 78, 93 , 109 nm, [ascorbic acid] = 12, 17, 23, 82 nm, and [benzoic acid] = 54, 72, 

90, 109 nm with standard deviation = 8.2, 21.9, 33.5 and 20.4, respectively. In case of adipic acid, we did 

not observe the formation of any color under normal experimental conditions because –COOH groups 

could not oxidized by HAuCl4. Presence of 4 methylene (CH2 ) groups decreases the escaping tendency of 

-COOH (electron losing properties) in adipic acid. The morphology (size, shape and the size distribution) 

of advanced nano-materials strongly depend on the nature of the reducing agents, reduction potentials of  
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Table 3. Wavelength and absorbance data to the formation of AuNPs at different [CTAB] 

Wavelength                             10
4
[CTAB] (mol dm

-3
) 

(nm)                       10.0                   20.0                             40 .0     

350                   0.532          0.584                           0.552  

375                   0.558          0.586                           0.576 

400                   0.584          0.586                           0.592  

425                   0.578          0.580                           0.588  

450                   0.558          0.554                           0.574 

475                   0.536          0.504                           0.560 

500                   0.424          0.384                           0.464 

525                   0.278          0.276                           0.316 

550                   0.182          0.207                           0.222 

575                   0.119          0.152                           0.144 

600                   0.060          0.107                           0.074 

625                   0.035          0.089                           0.041 

650                   0.030          0.079                           0.027 

    

reactants, presence and nature of stabilizer(s). It is been established that  transition metals are involved in 

the formation of solute complexes and/or compounds, which in turn decreases the standard redox 

potential of the metal [31]. The decrease in the potential depends on the stability of the complexes. The 

consequence of this effect is a drastic limitation in the choice of reducing agents capable of reducing a 

metal and the need for harsher conditions as the stability of its complex increases. Oxalic acid is a 

sacrificial electron donor and relatively strong acid, despite being a carboxylic acid (reduction potential = 

-0.48V for the couple HOOC-COOH / CO2). With regard to its chemical structure 

(HOOCCH2CH2CH2CH2COOH) adipic acid is not expected to hydrolyze under environmental conditions 

and it is a very weak reducing agent. We can stated confidently that numbers of AuNPs would be are 

higher with oxalic acid which might be due to the higher reactivity of oxalic acid towards HAuCl4 (Table 

1). Velegraki et al. extensively studied the oxidation of benzoic acid in presence of a catalyst at higher 
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temperature (range 150-180 ° C) with oxygen partial pressure in the range 10-30 bar [32]. On the other 

hand, Au-nano flower and/or aggregated nano-rods were observed in case of tyrosine (Fig. 2). 

Interestingly, TEM images from other areas of the grid also showing the formation of single  nano flower 

morphology (Fig. 2 A-C). They also suggested that the oxidation proceeds through the hydroxylation of 

the aromatic ring.  Tyrosine has a strong driving force to eject the phenolic proton. Thus, presence of –

OH group is responsible for the higher reactivity of tyrosine in comparison to benzoic acid which 

transfers the proton to CTA-HAuCl4 complex (vide infra) leading to the formation of stable perfect 

transparent AuNPs. Formation of tiny particles and their unsymmetrical aggregation depends on the fast 

nucleation step.  We also observed the same effect of –OH group on the reactivity of tyrosine, 

paracetamol and acetanilide towards MnO4
- [33]. 

2.2.  U.-V. visible spectra and kinetics    

It is well known that UV-visible spectroscopy is one of the best widely used techniques for the structural 

determination of metal nanoparticles.  Visual observation showed that the appearance of typical color  

was due formation of AuNPs, which indicated the nanoparticle morphology altering with the structure of 

each reducing agents (Table 1). The UV-visible spectra of AuNPs were recorded for benzoic acid, 

ascorbic acid, oxalic acid, and  tyrosine. The observed results (wavelength and absorbance) are 

summarized in Table 2 and depicted graphically in Fig. 3.  The most characteristic part of the AuNPs is 

the sharp surface resonance plasmon band observable in the visible range (400- 650 nm). The absorption 

spectra have a broad band at 450 nm for tyrosine, benzoic acid ascorbic acid. The shape of the spectra 

gives preliminary information about the morphology of the advanced metal nanoparticles [34] and 

appearance of a band at longer wavelength (bathochromic shift) can be attributed to the increase in size, 

aggregation, polydispersity, and the size distribution to the multiplasmon excitation of facted and 

anisotropic nanoparticles [35]. The appearance of colour, absorbance in a colloidal solution of gold sols 

might be due to the excitation of a SPR, according to the Mie theory, which, in a dipole approximation of 

the oscillating conduction electrons (Eq. 1). 

 

 
where all the symbols have their usual significance (vide infra). The SPR (a resonance) is expected, when 

the denominator of Eq. 1 becomes small (ε2 ( ω) = - 2 εm. The absorption peak position is thus size-

dependent within the dipole approximation. The intensity and position of wavelength changed with the 

structure of used reducing agent. The wave length shift and observed line broadening with reaction-time 

might be due to an increase in particle size and shape anisotropy. These results are in concord with TEM 

images (Fig. 1B). Higher reactivity of tyrosine might be due to the presence of phenolic –OH group. 

Tyrosine reduced the gold ions into nanoparticles through -OH group. The –NH2 and -COOH groups 

remain with the tyrosine molecule [19]. The absorption peak is all at around 350 nm corresponding to 

ascorbic acid and its oxidation product, i.e., dehydroascorbic acid [36]. At the end of the reaction, the 

concentration of ascorbic acid decreases, this, in turn decreases the absorbance (Fig. 3). 

 

 

𝛼 =
9 𝑉𝜀𝑚  

3 2 
∙𝜔𝜀2(𝜔)

𝑐∙ 𝜀1 𝜔 +2𝜀𝑚  2+𝜀2(𝜔)2                                       (1)  
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Figure 5.  Plots between ln [a / (1-a)] versus time: Reaction conditions: [HAuCl4] =  4.0 ×10-4 

 

 mol dm-3, [CTAB] =  10.0 (●), and 20.0 × 10-4  mol dm-3 (○ , ■, □), [tyrosine] =  10.0  (●, ■),  

 

20.0 (○) and 40.0 × 10-4 mol dm-3 (□).  

 

 

 
 

Figure 6. X-ray diffraction patterns of the Au-nanoflowers and/or nanorods. Reaction  

conditions: [HAuCl4] = 2.0 × 10-4  mol dm-3 ,  [CTAB] =  20.0  × 10-4  mol dm-3, [tyrosine] = 

 40.0  × 10-4  mol dm-3 . 
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3.3. Role of CTAB and mechanism  

The morphology of metalic nano materials of different metals (Au, Ag, Cu, Pt, Fe, Pd, ect.) 

depend on the reduction potentials and structure of reactants [31]. It is well known that AuCl4
- ions are 

involved in the formation of complexes with reducing agents and CTAB, which in turn decreases the 

standard redox potential of AuCl4
- [12, 26]. The consequence of this effect is a drastic limitation in the 

choice of reducing agents capable of reducing a metal and the need for harsher conditions as the stability 

of its complex increases. Among the various reducing agents used in this study (vide supra) , we observed 

the formation of nano-flower of AuNPs with tyrosine. Therefore, tyrosine selected for the detailed kinetic 

experiments that we address here. UV-visible spectra of AuNPs were recorded at different [CTAB] by 

reducing HAuCl4 with tyrosine. The effects of [CTAB] on the spectra of AuNPs formation were carried 

out at three different [CTAB] and the observed results are given in Fig.4 and their respective wavelength-

absorbance data are also summarized in Table 3. We did not observed considerable changes in the 

position of the surface Plasmon resonance band of these nanoparticles with [CTAB]. There was a slight 

batho-chromic shift of the plasmon absorption which is mainly due to the solubilization and/or 

incorporation of tyrosine into the micellar pseudo-phase of cationic CTAB micelles through electroistatic 

and hydrophobic interactions, which helps to aggregates the tiny AuNPs in an unsymmetrical manner. 

Since the [CTAB] is above its critical micellar concentration, CTAB molecules can form bilayer micelles 

forming complexes with the AuCl4
- ions. Therefore, the reaction between AuCl4

- and AuNPs only takes 

place in the presence of CTAB. These observations are in good agreement to our previous results 

regarding the solubilization of tyrosine and Ag-nanoparticles into the cationic CTAB micelles [19, 34]. 

The apparent rate constants were determined from the slopes of the initial tangents to the plots of ln(a/(1-

a)) versus time ( Fig. 5) . The effect of [tyrosine] was studied at fixed [HAuCl4] = 2.0 × 10-4  mol dm-3 ,  

[CTAB] =  20.0  × 10-4  mol dm-3, and temperature = 27 0C. The reaction follows first-order kinetics with 

respect to [tyrosine] ( 104 k =  3.9, 3.8, 3.9, 3.7 and 3.9 s-1 for  10.0 , 20.0, 30.0, 40.0 and 50.0 ×10-4 mol 

dm-3 [tyrosine], respectively). It is known that tyrosine has three ionization constants ( pKa1 = 2.2 (COOH) 

; pKa2 = 9.1 (NH3 ) ; pKa3 = 10.0 (OH)) [37] and exists in different forms (cationic, zwitter ionic, and 

anionic) in an aqueous solution. The concentration of these species strongly depends on the pH of the 

working reaction mixture. Therefore, pH of the working solutions was measured under different 

experimental conditions. It was observed that pH values were found to be constant (pH = 5.5 ± 0.2) with 

increasing [tyrosine] from 10.0 to 50.0 ×10-4 mol dm-3 in presence of CTAB (20.0 ×10-4 mol dm-3). It is 

not surprising judges from the fact that tyrosine is a weak acid and ionic micelles show a marked 

difference in the effective local pH to exist at its micellar surface over that in bulk aqueous solvent [38]. 

The different pH in the micellar pseudo phase of ionic micelles is understandable because most of the 

acidic and/or basic species should be in the micellar phase and in addition pKs in micellar systems are all 

most of time different from the pKs measured in water. The fractions of various forms (α) of tyrosine in 

solution were calculated by using the relation [39]: 

α1 = [H+]3 / B ;  α2 = Ka1 [H
+]2 / B ;  α3 = Ka1  Ka2  [H

+] / B ;  α4 = Ka1  Ka2  Ka3  / B 

where B = [H+]3 + Ka1 [H
+]2 + Ka1 Ka2 [H

+] + Ka1 Ka2 Ka3. 
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In the vicinity of pH = 5.5, the values of α1, α2, α3, and α4 were found to be 9.09 × 10-4 , 0.909, 

9.09 × 10-6, and 9.09 × 10-12, respectively.  Under our experimental conditions, zwitter ionic form is the 

major existing species of tyrosine, which is responsible to the reduction of HAuCl4 to Au0.  

                                           

-CH2CH(NH3
+)COO-HO-

(zwitter ionic)
 

Carbon dioxide, ammonium ions and corresponding aldehyde had not been identified as the 

oxidation products of tyrosine under our experimental conditions. AuCl4
- ions also formed the stable 

complex with positive head group of cetyltrimethylammonium ions (CTA) [26].  All these considerations, 

along with the above results, lead to the proposal of the following mechanism for the formation of AuNPs 

(Scheme 1). 

-CH2CHCOO- + CTA-AuCl4                         HO-

NH
3

HAuCl
4
                   AuCl

4
- + H+                                      (1)

CTA+ + AuCl
4
-              CTA-AuCl

4
          (ref. = 12)           (2)

-CH2CHCOO- + CTA-AuCl3 + HCl (3)                             O-

NH
3

.

fast

k

rds
+ +

(tyrosyl radical)

             Tyrosine + CTA-AuCl
3
              tyrosyl radical + CTA-AuCl

2
 + HCl      (4)                   

(Tyrosine)

             Tyrosine + CTA-AuCl
2
              tyrosyl radical + CTACl + HCl  + Au0     (5)                   

              2 Tyrosyl radical                      Dityrosine            (ref. = 33 )                   (6)            

Where CTA+ = CH
3
(CH

2
)
15

N-CH
3

-
-

CH
3

CH
3+

fast

fast

   Au0 + (CTA-AuCl
4
)
n
               CTA capped AuNPs                                (7)      

fast

d[AuNPs]
=

dt
k  [HAuCl

4
] [tyrosine]                                                       (8)

 

Scheme 1. Mechanism to the reduction of HAuCl4 by tyrosine and rate-law for the formation of  AuNPs.  

In Scheme 1, Eq. (1) is the complete dissociation of HAuCl4 into AuCl4
- (square planer geometry) 

and H+ ions in aqueous solution. Eq.(2) shows the complex formation (CTA-AuCl4) between  ionized 

CTA and AuCl4
- ions.  It is well known that amino acids with aromatic side chain were oxidized more 
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rapidly than the alkyl side chain amino acids [40]. Tyrosine is involved in many protein oxidations, being 

one of the most easily oxidized amino acids. Oxidation of tyrosine and nature of the oxidation products 

depend upon the pH, nature of oxidizing agent and the condition of the reaction mixtures [41, 42]. In the 

rate determining step (Eq. (3)), the AuCl4-CTA complex undergoes one-electron oxidation–reduction 

mechanism leading to the formation AuCl3 -CTA complex and tyrosyl radical [43, 44]. On the other hand, 

tyrosyl radical immediately gets converted into the stable reaction products in excess of tyrosine (Eqs 4 to 

7). Gedanken et al. discussed the surface chemistry of colloidal gold which was dominated by 

electrodynamic factors related to its (negative) surface charge [45].  

 

3.4. Structure characterization 

In order to confirm the crystalline nature of AuNPs, the resulting products were collected by 

centrifugation, thoroughly washed with double distilled water, and re-dispersed in water for use. XRD 

spectra were monitored on  a Rigaku Dmax-2000 diffractometer  with a Cu Kα radiation source 

(λ=0.15418 nm). These results are depicted graphically in Fig. 6.  XRD pattern showed orientation at 39.3 

plane parallel to the surface and a second orientation at 44.4, and other orientations at 64.6, 77.6.   These 

might be attributed to the diffractions from the (111), (200), (220), and (311) planes of an fcc gold, 

respectively. These observations are in good agreement to the results of Niu and his coworkers regarding 

the synthesis of CTAB bilayer-encapsulated gold nanosheets and nanocrystals [46]. Fig. 2D gives an 

electron micro-diffraction ring pattern of the single crystalline AuNPs with inter-planar spacing and clear 

lattice fringes in the high-resolution TEM images. Mandal and his coworkers reported that the average 

particle size of AuNPs and reaction rate depend on the number of tyrosine moieties present in the peptide 

molecules [47]. TEM images of Fig. 2 A-C are in accord with the previous observations that tyrosine 

might be responsible to the number of nanoparticles formation [16, 47, 48]. In case of tyrosine, nano-

flower is clearly composed of many branched subunits (Fig. 2) and AuNPs display polycrystalline nature 

from the SAED patterns ( Fig. 2D), similar to the observations of Feng et al. and Sau and Murphy for the 

sunthesis of  flower-like Au- nanochains and star-like outlines to branch [23, 49, 50] . 

 

It is well known that the metallic properties of gold result from the lone valence electron in the 

half-filled s-subshells (6s). The band structure of gold displays five comparatively flat d-bands, lying 1-3 

eV below the Fermi energy, EF , in which the ten d-electrons are located. The optical excitations exist 

both in gold nanoparticles as well as in bulk gold and begin at the inter-band gap E = 1.7 eV. The optical 

band gap was calculated by using the following relation:  

                               

E
g
 (eV) = 1240 / (wavelength in nm)

 

Under our experimental conditions, the value of band gap for tyrosine assisted AuNPs is calculated from 

the visible spectra and found to be 2 eV, which is in good agreement with the theoretical value. 

4. CONCLUSIONS 

Kinetic and TEM images data clearly shows that structure and nature of reducing agents play an 

important role to reduce the HAuCl4 into gold nanocomposites of different morphology. This method 

provides highly stable water soluble, cetyltrimethylammonium bromide functionalized nanoparticles with 
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different ratios. Tyrosine synthesized gold nanocomposites were found to have nano-flower like 

morphology , which was due to the fast reduction of gold salt into the metallic gold by the presence of 

phenolic –OH [21, 47]. Reaction proceeds through the formation of stable AuCl4-CTA complex. UV-vis, 

and TEM studies were used to characterize the nanoparticles and their relation with the observed 

structural effects of reducing agents. 
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