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Aqueous-Phase Room-Temperature Synthesis of Gold Nanoribbons: Soft Template Effect of a Gemini Surfactant Mandeep Singh Bakshi,*,†,| Fred Possmayer,‡ and Nils O. Petersen*,†,§ Department of Chemistry, Department of Biochemistry, UniVersity of Western Ontario, 339 Windermere Road, London, ON, Canada N6A 5A5, National Institute for Nanotechnology, Edmonton, Alberta, Canada, and Department of Chemistry, Guru Nanak DeV UniVersity, Amritsar 143005, Punjab, India ReceiVed: February 12, 2008; ReVised Manuscript ReceiVed: March 12, 2008



Gold (Au) nanoribbons were synthesized in aqueous phase under ambient conditions by using dimethylene bis(tetradecyldimethyl-ammonium bromide) (14-2-14) as a capping agent as well as a soft template. A two steps seed-growth (S-G) method was used. The first step of S-G method mainly gave nanorods of high aspect ratio along with nanoparticles of other shapes, but the next step produced mainly fine Au nanoribbons of several micrometers long, 50–150 nm wide, and ≈5 nm thick. They were characterized by transmission electron microscopy, X-ray photoelectron spectroscopy, energy dispersive X-ray, and X-ray diffraction analysis. Isotropic liquid crystalline phase of 14-2-14 provided a soft template effect and derived nanorods of high aspect ratios toward nanoribbon formation at room temperature. Introduction Control of shape and size during synthesis of single component nanoparticles from Au, Ag, Ir, Pd, or Pt is of immense interest.1,2 Synthesis of high aspect ratio nanostructures (rods, needles, or ribbons) is particularly important because of potential applications in photonics, nanoscale electronics, nanodevices, imaging, and so on.3 Recently, many Au nanostructures have been synthesized and characterized; however, aqueous-phase room-temperature synthesis of Au nanoribbons has to our knowledge not been reported to date. We present here a most simple and convenient way of obtaining single crystal onedimensional (1D) nanoribbons with lengths of several micrometers. They have been synthesized by using two steps surfactantregulated seed-mediated growth protocol in aqueous phase. This approach has been successfully applied by several groups3 to synthesize shape-controlled morphologies and have shown promising results especially to synthesize 1D nanorods of high aspect ratio. A systematic growth of Au nanoparticles requires weak reducing conditions and appropriate selection of a capping agent. Step-by-step particle enlargement is more effective than a single-step seeding method to avoid secondary nucleation.3b In a seed-growth method, small metal nanoparticles are prepared first and later used as seeds (nucleation centers) for a systematic growth of larger ones. However, finding a suitable growth condition that inhibits additional nucleation generally limits the application of such methods.4 The secondary nucleation mostly leads to anisotropic growth that can be controlled by a selective adsorption of surfactant ions on specific crystal planes. In the present study, the first step gives long nanorods of high aspect ratios along with other morphologies, but the second step produces mainly fine single crystal nanoribbons of several micrometers long. In addition, the size and shape of different nanoribbons show a narrow distribution with large enough * To whom correspondence should be addressed. E-mail: ms_bakshi@ yahoo.com (M.S.B.); [email protected] (N.O.P.). † Department of Chemistry, University of Western Ontario. ‡ Department of Biochemistry, University of Western Ontario. § National Institute for Nanotechnology. | Guru Nanak Dev University.



Figure 1. (a) Several nanorods with aspect ratio as high as 39 along with several other geometries of Au nanoparticles; (b) network of several Au nanoribbons.



spacing that allows a proper evaluation of a single nanoribbon. Although previously some studies5–7 have reported the synthesis of Au and Ag 1D nanostructures, the synthesis of such fine morphologies in aqueous phase at room temperature is a first of its kind. The other known similar reports are related to the synthesis of Ag nanobelts by refluxing an aqueous Ag colloidal dispersion6 or by reduction of AgNO3 with ascorbic acid in the presence of poly(acrylic acid).8 Another recent report9 is related to the arrays of iso-oriented Au nanobelts produced by a combined method of directional solid-state transformation of a Fe-Au eutectoid and a well-controlled electrochemical treatment. In an aqueous-phase synthesis, the choice of surfactant is a critical aspect for controlling growth. A highly surface active agent will block some crystal planes (for instance, {100} or
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Figure 3. HRTEM image of nanoribbons capped with 14-2-14 thin film.



Figure 2. (a) The high-magnification image of several Au nanoribbons. The inset demonstrates a diffraction image indicating the single crystal nature of nanoribbons. (b) A single nanoribbon with inset of diffraction image. (c) XRD patterns showing fcc crystal structure of Au nanoribbons. (d) An HRTEM image showing crystal planes (see details in text).



{110} in the case of face-centered cubic (fcc) geometry) due to preferential interfacial adsorption and will direct the crystal growth in a specific direction.10,3b Cationic Gemini surfactants have advantages compared to their corresponding monomeric homologues in controlling the shape of nanostructures during synthesis.11 First, due to their stronger hydrophobicity, they have much better interfacial adsorption at corresponding concentrations;12 second, they undergo phase transitions (i.e., micelles f rod-shaped or wormlike micelles f vesicles f multilayer lamellar structures) even in the millimolar (mM) range.13 Hence, Gemini surfactants adsorb effectively at the liquid–solid interface (i.e., the solution-metal interface) while simultaneously acting as a soft template.11e Dimethylene bis(tetradecyldimethylammonium bromide) (14-2-14) is a cationic Gemini surfactant with a critical micelle concentration of 0.16 mM at 25 °C.14 Because of the strong hydrophobicity imparted by the twin hydrocarbon chains, such surfactants produce long threadlike structures in the millimolar concentration range.15 We have used 14-2-14 as a capping agent as well as a soft template for the synthesis of Au nanoribbons using the seed-mediated approach3b in the aqueous phase at room temperature. Experimental Section Materials. Tetrachloroauric acid (HAuCl4), sodium borohydride (NaBH4), and trisodium citrate (Na3Cit) were obtained from Aldrich. Dimethylenebis (tetradecyldimethyl-ammonium bromide) (14-2-14) was synthesized as reported in the



literature.13d–f Ultrapure water (18 MΩcm) was used for all aqueous preparations. Preparation of Gold Seed Solution. Twenty-five milliliters of HAuCl4 aqueous solution was taken in a screw-capped glass bottle and Na3Cit was added in it. Then, 0.6 mL of aqueous NaBH4 ([NaBH4] ) 0.1 mol dm-3) solution was added under constant stirring giving rise to a ruby red color to the solution with a final [HAuCl4] ) [Na3Cit] ) 0.5 mM, which acts as a seed solution. Preparation of Growth Solution. Precalculated amounts of 1 mM 14-2-14 (used from a freshly prepared concentrated solution) and 0.5 mM HAuCl4 solutions were taken in three plastic centrifuge tubes with caps (marked as A, B, C). In tube A, 0.2 mL of ascorbic acid ([Ascorbic Acid] ) 0.1 mM) was added, and the solution was mixed by inverting the tube a couple of times. Then, 0.5 mL of previously made seed solution was added to it, and simultaneously the stop watch was turned on. After the passage of 40 s, 0.2 mL of ascorbic acid was added in tube B and the contents were mixed again. Finally, 0.5 mL of the reaction solution was withdrawn from tube A (as seed solution) and added to tube B within a total time interval of one minute. The same step was repeated for tube C and 0.5 mL of reaction solution from tube B was used as seed for tube C. In this way, two steps of S-G reaction (i.e., A f B f C) were performed within an interval of 1 min keeping 5 mL of total reaction amount in each tube. Similar reactions were carried out by using 0.25 and 0.125 mL of the seed solutions. The purpose of keeping a one minute time interval among the steps is simply to use the rapidly growing nucleating centers in tube A as seeds for B and similarly that of B for tube C. Shorter time intervals with relatively few nucleating centers provide better possibilities to control a directional growth rather than longer time intervals. A time interval of one hour did not produce nanoribbons of uniform shape and structure as major product (results are not shown). Thus, each reaction sequence gave three samples, that is, A, B, and C at a particular seed amount, and a total of nine samples were obtained at three concentrations of seed solution at constant [14-2-14] ) 1 mM. Another set of nine similar samples were
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Figure 4. (a) EDX spectrum of gold nanoribbons. (b-d) High resolution XPS spectra of Au 4f, C 1s, and N 1s, respectively (see details in text).



Figure 5. (a) Network of Au nanoribbons demonstrating anisotropic growth. (b) Platelike large nanoribbons with serrated margins.



collected at [14-2-14] ) 0.5 mM, while keeping the rest of the reaction conditions exactly the same. Purification of the Samples. After a time interval of three days, a completely clear reaction solution was obtained in each centrifuge tube, and a black mass of nanoribbons was settled



down at the bottom. Although nanoribbons started settling down after a few hours, it took 2–3 days to obtain a completely clear solution. Within a period of 1–3 days, no significant change in the shape and size of nanoribbons was observed except that their number density increased with time. To extract the
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Figure 6. (a) Bundles of nanoribbons with diffraction image in the inset. (b) A nanoknot carrying a bundle of nanoribbons. (c) XRD pattern of fcc crystal structure of Au nanoribbons (see details in the text).



nanoribbons in a singly dispersed state, a clear solution was pipetted out and the remaining mass was again diluted with pure water. Vortex mixing helped in completely redistributing the nanoribbons in the solution. Again, a clear solution was pipetted out and the same washing process was carried out with distilled water. This step was repeated at least five to ten times to remove the maximum amount of surfactant. Finally, a couple of washings were done with methanol + water (1:3), and the samples were centrifuged at 4000 rpm for one minute to collect the nanoribbons. Methods. The shape and size of nanoparticles/nanoribbons were characterized by transmission electron microscopy (TEM). Samples were prepared by mounting a drop of nanoparticle solution on a carbon-coated Cu grid and allowing it to dry in the air. They were observed with the help of a Philips CM10 transmission electron microscope operating at 100 kV. The X-ray diffraction (XRD) patterns were characterized by using Bruker-AXS D8-GADDS with Tsec ) 480. The self-assembled behavior of 14-2-14 in aqueous solution at 25 and 70 °C was studied with the help of pyrene fluorescence using Hitachi fluorescence spectrophotometer F2500. The ratio of the intensities of first (I1) to third (I83) vibronic bands of pyrene emission spectrum gives the polarity of the medium in which it is solubilized. The emission spectra were recorded employing an excitation wavelength of 334 nm, and the intensities I1 and I3 were measured at the wavelengths corresponding to the first and third vibronic bands located at ca. 373 and 384 nm. Results and Discussion Figure 1a shows a typical TEM micrograph of sample A with [14-2-14] ) 1 mM and 0.125 mL of seed solution. Similar images were obtained for other A samples at different seed concentrations as well as with [14-2-14] ) 0.5 mM (Supporting Information, Figure S1). These images show mixtures of nanoparticles (with different geometries) and long nanorods with



Figure 7. Plots of intensity ratio of first to third vibronic band (a) and excimer formation (b) of pyrene emission spectrum with respect to the amount of 14-2-14.



the latter having aspect ratios as high as 39. Figure 1b shows a TEM image of sample B at low magnification. Networks of long nanoribbons are evident. Similar morphologies of nanoribbons were also observed at 0.25 and 0.5 mL of seed solutions (Supporting Information, Figure S2). At higher magnification (Figure 2a), different sized nanoribbons are quite clear and some appear to be interconnected at some junctions (shown in circles). They are made from single crystal with the width varying between 50 and 150 nm and the thickness close to 5 nm. Thickness can be determined from the bent parts of nanoribbons (shown by block arrow in Figure 2a). Figure 2b shows a closeup image of only one single crystal nanoribbon (see diffraction image, inset). One can see bandlike patterns on the surface of the nanoribbon (shown in dotted circles). They are mainly due to the difference in the electron density caused by deformation or bending of the nanoribbon perhaps as a consequence of the radiation effect of the electron beam as has been noted in thin metal foils.16 The XRD patterns (Figure 2c) with peaks at 38.1, 44.4, 64.5, and 77.5° are indexed as {111}, {200}, {200}, and {311} facets, which are consistent with fcc geometry of Au bulk. A preferential adsorption of 14-2-14 on the higher energy {100} facets allows the subsequent growth in the {011} direction enclosed by {111} planes, is clearly visible in the high-resolution TEM (HRTEM) image (Figure 2d), and confirmed by the d-spacing of 0.24 nm.17 A thin surfactant film on each gold
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Figure 8. Schematic representation of a seed growth reaction from sample A to C consisting of two steps. In Tube A, small seeds (a) convert into seeds with developed facets (b) in less than 1 min. After 1 min (up to 3 days), the nanoparticles (b) predominantly convert into nanorods (c) of high aspect ratios. In Tube B, nanoparticles (b) of Tube A are used as seeds (d) in another less than 1 min timeframe that eventually take the form of nanoribbons (e) in 3 days. Again, nanoparticles (d) of Tube B are used as seeds (f) for Tube C in less than 1 min, and they subsequently grow into interconnected nanoribbons (g) in 3 days.



nanoribbon is clearly evident from a high magnification image in Figure 3 by carefully avoiding any artifacts. The energy dispersive X-ray (EDX) spectrum (Figure 4a) shows predominant Au peaks along with other usual C and Cu peaks. This is further confirmed by X-ray photoelectron spectroscopy (XPS) surface analysis (Figure 4b-d). High resolution XPS peaks from Au 4f 5/2 and 4f 7/2 species are located at 87.72 and 84.05 eV (Figure 4b), respectively, corresponding to the values of bulk Au.18 The peaks for C 1s from C-C groups (Figure 4c) and for N 1s (Figure 4d) from -N(CH3)3+ are located at 285.00 and 402.39 eV, respectively. They are due to the electron emission from the tail19 and head groups of the 14-2-14 capping surfactant molecules. The shift of the N 1s peak to the relatively high energy of 402 eV arises from the electrostatic interactions between the charged -N(CH3)3+ group and the Au nanoparticle surface.20 Sample C on the other hand mainly shows (Figure 5a) the presence of much interconnected nanoribbons without any single strand morphologies. Apart from this, sometimes even large platelike nanoribbons with serrated margins can also be observed (Figure 5b). A decrease in the concentration of 142-14 to half (0.5 mM) along with 0.125 mL seed solution produces nanoribbons with relatively greater anisotropic growth



along with the presence of some nanorods with platelike geometries (Supporting Information, Figure S3). However, the overall morphology of nanoribbons remains the same as observed at [14-2-14] ) 1 mM. Figure 6a shows bundles of nanoribbons arranged in a parallel fashion carried by what appears to be a “nanoknot” (see the block arrow in Figure 6b). Further decrease in the amount of 14-2-14 led to poorly defined nanoribbons with a little yield (not shown). Interestingly, no nanoribbon formation takes place when the same reactions are performed at 70 °C with the concentration of 14-2-14 ranging from 0.1 to 1 mM. The purpose of choosing 70 °C was simply to have a sufficient temperature higher than room temperature so as to completely remove the possibility of soft template effect. Instead, polyhedral nanoparticles with few nanorods are obtained (Supporting Information, Figure S4–S6), the size of which decreases (from 57 ( 16 to 10 ( 3nm) as the amount of surfactant increases from 0.1 to 1 mM. This demonstrates that the nanoribbon formation is only facilitated at room temperature (25 ( 1 °C), which may be explained on the basis of a soft template effect of 14-2-14. Gemini surfactants form lyotropic liquid crystals13 (known as mesophases) at much lower concentrations than their monomeric
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Figure 9. (a) Schematic representation of an arrangement of 14-2-14 monomers in a typical liquid crystalline phase showing a channel for the growth of Au nanoribbon. (b) Bright tubelike channels presumably formed by liquid crystal phase of 14-2-14 acting as soft templates for the growth of nanoribbons (see details in the text).



homologues. The lyotropic liquid crystal phases (LCP) depend on the micelle shape,21 and the Gemini micelles are more prone to mesophase transitions because the spacer in the headgroup region leads to packing constraints.22 Recently, BernheimGoswasser et al.15 investigated long threadlike cylindrical and lamellar mesophases of Gemini surfactants. As the concentration of quaternary ammonium Gemini surfactant increases, the micelles change shape from spherical to threadlike and then ultimately attain an LCP.15 Similarly, we expect LCP to be present at the higher concentrations of 14-2-14 used in our work. For this purpose, we have evaluated the micellar behavior of 14-2-14 over a range of concentrations by measuring the polarity index23a–c and excimer formation23d of hydrophobic pyrene in the interior of the micelles. Figure 7a demonstrates the polarity of the medium sensed by pyrene at 25 and 70 °C upon increasing the amount of 14-2-14 from 0.2 to 1.2 mM. As expected, the polarity index decreases with the increase in the amount of 142-14 at 70 °C, whereas a reverse trend is observed at 25 °C, which tends to be constant at 1 mM. It means that at 70 °C, pyrene senses a more hydrophobic environment, whereas at 25 °C it senses a less hydrophobic environment with the increase in the amount of 14-2-14. Likewise, excimer formation increases at 70 °C while it decreases at 25 °C (Figure 7b). Thus, an opposite variation in both properties at 25 and 70 °C indicates altogether different micellar behavior of 14-2-14. A structure transition in spherical micelle to lamellar or LCP will obviously alter the distribution of solubilized pyrene. Pyrene molecules are more confined in small hydrophobic core of a spherical micelles rather than in any well-organized self-assembled



Bakshi et al. LCP.24a,b This will allow greater excimer formation in a smaller confined space rather than in LCP.24c Hence, a lower micropolarity value sensed by pyrene and a much greater excimer formation at 25 °C indicate the presence of LCP, which melts away at 70 °C. The LCP thus acts as a soft template for nanoparticle crystal growth to form Au nanoribbons just like that of DNA-guided silver nanorods and nanowires formation25 and silver nanorods controlled by segmented copolymer.26 It seems that nucleating centers in sample B grow along the  direction while being guided by the LCP. Because isotropic LCP transforms to anisotropic LCP27 at temperatures exceeding room temperature, the soft templates disappear and consequently no nanoribbons are formed. This is what is observed for a range of concentrations (i.e., 0.1 to 1 mM) of 14-2-14 at 70 °C. In sample C, the anisotropic growth might originate due to a significant decrease in the relative number of nucleating centers in comparison to sample B because of an extremely slow reaction rate. As a little amount of sample B acts as seed for sample C, suddenly a large number of freshly produced Au° atoms will find much lesser number of nucleating centers. Consequently, the overall reduction becomes kinetically controlled rather than thermodynamically controlled process leading to the formation of predominantly interconnected nanoribbons (Figure 5). We propose that the nanoribbon formation requires two steps (Figure 8). The first step starts with the addition of previously made seeds in tube A. As soon as seeds are added, facet development begins due to the nucleation of freshly prepared Au° atoms on each seed surface. A preference for {100} and {110} facets for surfactant adsorption, as evident from Figure 3, directs the nucleation at {111} crystal planes that subsequently results in the nanorod formation of high aspect ratio. For tube B, the small nanoparticles with developed facets in tube A are used as seeds as well as e0.5 mL out of total 5 mL of tube A contents. Because tube B again contains 0.5 mM of HAuCl4, an equivalent amount of gold ions (slowly reducing into Au° by AA) will suddenly find much small number of nucleating centers than were present in tube A. This may facilitate the interparticle fusion due to Ostwald ripening and aging while further growth in tube B is directed by the soft-template effect of LCP.28 Similar process is thought to work in tube C when nanoparticles of tube B are used as seeds. In view of a further decrease in the nucleating centers, anisotropic growth is triggered that results in interconnected nanoribbon formation. A TEM micrograph in Figure 9b shows the growth of nanoribbons in the what appears to be channels, presumably formed by the LCP. We do not see any appropriate order in the arrangement of these channels on the Cu grid. They might be the remnant part of LCP after purification. Conclusions Gold nanoribons have been successfully synthesized in aqueous phase at room temperature by using 14-2-14 as a capping agent as well as a soft template. A liquid crystalline phase of 14-2-14 acts as a soft template for the formation of well-defined nanoribbons. The nanoribbon formation disappears when the reaction is performed at 70 °C. Dissolution of liquid crystalline phase at 70 °C is attributed to the absence of soft template effect and thereby eliminated the possibility of nanoribbon formation. Acknowledgment. These studies were supported by Grants MOP 66406 and FRN 15462 from the Canadian Institutes of Health Research.



Synthesis of Gold Nanoribbons Supporting Information Available: Figures showing the presence of nanorods and polyhedral geometries. This material is available free of charge via the Internet at http://pubs.acs.org. References and Notes (1) (a) Nanostructured Materials: Clusters, Composites and Thin Films; Shalaev, V. M., Moskovits, M., Eds.; American Chemical Society: Washington, DC, 1997. (b) Handbook of Nanostructured Materials and Nanotechnology; Nalwa, H. S., Ed.; Academic Press: New York, 2000. (2) (a) Schneider, S.; Halbig, P.; Grau, H.; Nickel, U. Photochem. Photobiol. 1994, 60, 605. (b) Watzky, M. A.; Finke, R. G. Chem. Mater. 1997, 9, 3083. (c) Brown, K. R.; Natan, M. J. Langmuir 1998, 14, 726. (d) Brown, K. R.; Walter, D. G.; Natan, M. J. Chem. Mater. 2000, 12, 306. (e) Henglein, A.; Giersig, M. J. Phys. Chem. B 1999, 103, 9533. (f) Henglein, A. Langmuir 1999, 15, 6738. (g) Teranishi, T.; Miyake, M. Chem. Mater. 1998, 10, 594. (h) Teranishi, T.; Hosoe, M.; Tanaka, T.; Miyake, M. J. Phys. Chem. B 1999, 103, 3818. (3) (a) Chen, J.; Wiley, B. J.; Xia, Y. Langmuir 2007, 23, 4120. (b) Murphy, C. J.; Sau, T. K.; Gole, A. M.; Orendoff, C. J.; Gao, J.; Gou, L.; Hundayi, S. E.; Li, T. J. Phys. Chem. B 2005, 109, 13857. (c) Murphy, C. J.; Gole, A. M.; Hundayi, S. E.; Orendoff, C. J. Inorg. Chem. 2006, 45, 7544. (4) (a) Overbeek, J. Th. G. AdV. Colloid Interface Sci. 1982, 15, 251. (b) Wiesner, J.; Wokaun, A. Chem. Phys. Lett. 1989, 157, 569. (c) Jana, N. R. Small 2005, 1, 875. (5) Swami, A.; Kumar, A.; Swlvakannan, P. R.; Mandal, S.; Pasricha, R.; Sastry, M. Chem. Mater. 2003, 15, 17. (6) Bai, J.; Qin, Y.; Jiang, C.; Qi, L. Chem. Mater. 2007, 19, 3367. (7) Xie, Z.; Wing, Z.; Ke, Y.; Zha, Z.; Jiang, C. Chem. Lett. 2003, 32, 686. (8) Sun, Y.; Mayers, B.; Xia, Y. Nano Lett. 2003, 3, 675. (9) Chen, Y.; Milenkovic, S.; Hassel, A. W. Nano Lett. 2008, 8, 737. (10) Wang, J.; Tian, M.; Mallouk, T. E.; Chan, M. H. W. J. Phys. Chem. B 2007, 108, 841. (11) (a) Esumi, K.; Hara, J.; Aihara, N.; Usui, K.; Torigoe, K. J. Colloid Interface Sci. 1998, 208, 578. (b) Zhang, L.; Sun, X.; Song, Y.; Jiang, X.; Dang, S.; Wang, E. Langmuir 2006, 22, 2838. (c) Bakshi, M. S.; Possmayer, F.; Petersen, N. O. Chem. Mater. 2007, 19, 1257. (d) Bakshi, M. S.; Sharma, P.; Banipal, T. S. Mater. Lett. 2007, 61, 5004. (e) Bakshi, M. S.; Sharma, P.; Banipal, T. S.; Kaur, G.; Torigoe, K.; Petersen, N. O.; Possmayer, F. J. Nanosci. Nanotechnol. 2007, 7, 916. (12) (a) Zhou, Q.; Wu, Y. F.; Rosen, M. J. Langmuir 2003, 19, 7955. (b) Windsor, R.; Neivandt, D. J.; Davies, P. B. Langmuir 2002, 18, 2199. (c) Miller, R.; Fainerman, V. B.; Makievski, A. V.; Kragel, J.; Grigoriev, D. O.; Kazakov, V. N.; Sinyachenko, O. V. AdV. Colloid Interface Sci. 2000, 86, 39. (13) (a) Kanaebal, A.; Oda, R.; Mendes, E.; Candau, S. J. Langmuir 2000, 16, 2493. (b) Oda, R.; Huc, I.; Homo, J. C.; Heinrich, B.; Schmutz,



J. Phys. Chem. C, Vol. 112, No. 22, 2008 8265 M.; Candau, S. J. Langmuir 1999, 15, 2384. (c) Pestman, J. M.; Terpstra, K. R.; Stuart, M. C. A.; van Doren, H. A.; Brisson, A.; Kellog, R. M.; Engberts, J. B. F. N. Langmuir 1997, 13, 6857. (d) Bai, G.; Wang, J.; Yan, H.; Li, Z.; Thomas, R. K. J. Phys. Chem. B 2001, 105, 3105. (e) Zana, R.; Benrraou, M.; Rueff, R. Langmuir 1991, 7, 1072. (f) Wettig, S. D.; Verrall, R. E. J. Colloid Interface Sci. 2001, 244, 377. (14) Bakshi, M. S.; Sachar, S.; Singh, K.; Shaheen, A. J. Colloid Interface Sci. 2005, 286, 369. (15) (a) Bernheim-Goswasser, A.; Zana, R.; Talmon, Y. J. Phys. Chem. B 2000, 104, 4005. (b) Bernheim-Goswasser, A.; Zana, R.; Talmon, Y. J. Phys. Chem. B 2000, 104, 12192. (16) (a) Chen, Y.; Gu, X.; Nie, C-G.; Jiang, Z-Y.; Xie, Z-X.; Lin, C-J. Chem. Comm. 2005, 4181. (b) Kim, J-U.; Cha, S-H.; Shin, K.; Jho, J. Y.; Lee, J-C AdV. Mater. 2004, 16, 459. (c) Dai, Z. R.; Pan, Z. W.; Wang, Z. I. J. Phys. Chem. B 2002, 106, 902. (17) (a) Kwon, K.; Lee, K. Y.; Lee, Y. W.; Kim, M.; Heo, J.; Ahn, S. J.; Han, S. W. J. Phys. Chem. C 2007, 111, 1161. (b) Kuo, C-H.; Chiang, T.-F.; Chen, L.-J.; Huang, M. H. Langmuir 2004, 20, 7820. (18) Wagner, C. D.; Riggs, W. M.; Davis, L. E.; Moulder, J. F.; Muilenberg, G. E. Handbook of X-ray photoelectron spectroscopy; Perkin Elmer Corporation: Eden Prairie, MN, 1979. (19) Bakshi, M. S.; Possmayer, F.; Petersen, N. O. J. Phys. Chem. C 2007, 111, 14113. (20) Sharma, J.; Chaki, N. K.; Mandale, A. B.; Pasricha, R.; Vijayamohanan, K. J. Colloid Interface Sci. 2004, 272, 145. (21) (a) Mitchell, D. J.; Tiddy, G. J. T.; Waring, L.; Bostock, T.; McDonald, M. P. J. Chem. Soc. Faraday Trans. I 1983, 79, 975. (b) Black more, E. S.; Toddy, G. J. T. J. Chem. Soc. Faraday Trans. 2 1988, 84, 1115. (22) Israelachvili, J. N.; Mitchell, D. J.; Ninham, B. W. J. Chem. Soc., Faraday Trans 2 1976, 72, 1525. (23) (a) Bakshi, M. S.; Singh, J.; Kaur, G. Chemistry Physics of Lipids 2005, 138, 81. (b) Bakshi, M. S.; Singh, K.; Kaur, G.; Yoshimura, T.; Esumi, K. Colloids Surf., A 2006, 278, 129. (c) Bakshi, M. S.; Singh, J.; Kaur, G. J. Photochem. Photobiol., A 2005, 173, 202. (d) Bakshi, M. S.; Kaur, N.; Mahajan, R. K. J. Photochem. Photobiol., A 2007, 186, 349. (24) (a) Bhattacharya, S.; De, S. Langmuir 1999, 15, 3407. (b) Kalyanasundram, K. Photochemistry in Microhetrogeneous Systems; Academic Press: New York, 1987; p 177. (c) Huang, W.; Vernon, L. P.; Hensen, L. D.; Bell, J. D. Biochemistry 1997, 36, 2860. (25) Wei, G.; Zhou, H.; Liu, Z.; Song, Y.; Wang, L.; Sun, L.; Li, Z. J. Phys. Chem. B 2005, 109, 8738. (26) Shen, Q.; Sun, J.; Wei, H.; Zhou, Y.; Su, Y.; Wang, D. J. Phys. Chem. C 2007, 111, 13673. (27) (a) Fuller, S.; Shinde, N. N.; Tiddy, G. J. T. Langmuir 1996, 12, 1117. (b) Alami, E.; Levy, H.; Zana, R.; Skoulius, A. Langmuir 1993, 9, 940. (28) Qi, L.; Gao, Y.; Ma, J. Colloids Surf., A 1999, 157, 285.



JP801306X



























[image: Gold catalyzed synthesis of tetrahydropyrimidines and ... - Arkivoc]
Gold catalyzed synthesis of tetrahydropyrimidines and ... - Arkivoc












[image: Synthesis of Colloidal Gold Nanoparticles of Different ...]
Synthesis of Colloidal Gold Nanoparticles of Different ...












[image: Surfactant Selective Synthesis of Gold Nanowires by ...]
Surfactant Selective Synthesis of Gold Nanowires by ...












[image: Lamellar Phase Supported Synthesis of Colloidal Gold ...]
Lamellar Phase Supported Synthesis of Colloidal Gold ...












[image: Surfactant Selective Synthesis of Gold Nanowires by Using a DPPC ...]
Surfactant Selective Synthesis of Gold Nanowires by Using a DPPC ...












[image: Seedless synthesis of octahedral gold nanoparticles in ...]
Seedless synthesis of octahedral gold nanoparticles in ...












[image: Synthesis of substituted ... - Arkivoc]
Synthesis of substituted ... - Arkivoc












[image: Synthesis of - Arkivoc]
Synthesis of - Arkivoc












[image: Synthesis of substituted ... - Arkivoc]
Synthesis of substituted ... - Arkivoc












[image: Preparation of silver, gold and silverâ€“gold bimetallic ...]
Preparation of silver, gold and silverâ€“gold bimetallic ...












[image: Chemical Synthesis of Graphene - Arkivoc]
Chemical Synthesis of Graphene - Arkivoc












[image: Synthesis of 2-aroyl - Arkivoc]
Synthesis of 2-aroyl - Arkivoc












[image: Gold Standard Requirements V2.1 - The Gold Standard]
Gold Standard Requirements V2.1 - The Gold Standard












[image: Gold Standard Requirements V2.1 - The Gold Standard]
Gold Standard Requirements V2.1 - The Gold Standard












[image: Gold separator]
Gold separator












[image: Pot of Gold Box Template.pdf]
Pot of Gold Box Template.pdf












[image: Synthesis of Zincic Phthalocyanine Derivative ...]
Synthesis of Zincic Phthalocyanine Derivative ...












[image: Total synthesis of atroviridin]
Total synthesis of atroviridin












[image: SYNTHESIS AND CHARACTERIZATION OF ...]
SYNTHESIS AND CHARACTERIZATION OF ...















Aqueous-Phase Room-Temperature Synthesis of Gold ...






This step was repeated at least five to ten times to remove the maximum ..... Shalaev, V. M., Moskovits, M., Eds.; American Chemical Society: Washington, DC ... 






 Download PDF 



















 2MB Sizes
 1 Downloads
 287 Views








 Report























Recommend Documents







[image: alt]





Gold catalyzed synthesis of tetrahydropyrimidines and ... - Arkivoc 

Dec 21, 2017 - or the replacement of hazardous organic solvents with environmentally benign solvents has received ..... Replacement of p-MeOC6H4 8c or t-Bu 8i by other hydrophobic groups such as o,p-. Me2 8d ..... Jones, W.; Krebs, A.; Mack, J.; Main














[image: alt]





Synthesis of Colloidal Gold Nanoparticles of Different ... 

May 25, 2006 - The Au nanoparticles have been synthesized in the presence of micellar ..... thus support the fact that they are plate-like and not prisms. Several ...














[image: alt]





Surfactant Selective Synthesis of Gold Nanowires by ... 

HPS shift to lower frequencies indicating a less mobile ... DPPC+SDS+Au NP (IV) (see details in the text). TABLE 1: Mode .... Internet at http://pubs.acs.org.














[image: alt]





Lamellar Phase Supported Synthesis of Colloidal Gold ... 

Feb 5, 2007 - ... of Chemistry, University of Western Ontario, London, ON, Canada ..... images; and in the presence of 12-6-12 in post-micellar range (b), while.














[image: alt]





Surfactant Selective Synthesis of Gold Nanowires by Using a DPPC ... 

Fred Possmayer,â€ ,â€¡ and Nils O. Petersenâ€¡,Â§,#. Department of Obstetrics and Gynaecology, Department of Biochemistry, and Department of Chemistry,. UniVersity of Western Ontario, 339 Windermere Road, London, ON, Canada N6A 5A5, National Institut














[image: alt]





Seedless synthesis of octahedral gold nanoparticles in ... 

Mar 20, 2008 - [31] D. Seo, J.C. Park, H. Song, J. Am. Chem. Soc. 128 (2006) 14863. [32] J. Zhang, Y. Gao, R.A. Alvarez-Puebla, J.M. Buriak, H. Fenniri, Adv.














[image: alt]





Synthesis of substituted ... - Arkivoc 

Aug 23, 2016 - (m, 4H, CH2OP), 1.39 (t, J 7.0 Hz, 6H, CH3CH2O); 13C NMR (176 MHz, CDCl3) Î´ 166.5 (s, C-Ar), ... www.ccdc.cam.ac.uk/data_request/cif.














[image: alt]





Synthesis of - Arkivoc 

Taiwan. E-mail: [email protected] ...... www.ccdc.cam.ac.uk/conts/retrieving.html (or from the CCDC, 12 Union Road, Cambridge. CB2 1EZ, UK; fax: ...














[image: alt]





Synthesis of substituted ... - Arkivoc 

Aug 23, 2016 - S. R. 1. 2. Figure 1. Structures of 4H-pyrimido[2,1-b][1,3]benzothiazol-4-ones 1 and 2H-pyrimido[2,1- b][1,3]benzothiazol-2-ones 2.














[image: alt]





Preparation of silver, gold and silverâ€“gold bimetallic ... 

formation of Ag and Au nanoparticles was confirmed from the appearance of surface plasmon ... ticles such as reduction of supported metal salts using NaBH4.














[image: alt]





Chemical Synthesis of Graphene - Arkivoc 

progress that has been reported towards producing GNRs with predefined dimensions, by using ..... appended around the core (Scheme 9), exhibit a low-energy band centered at 917 .... reported an alternative method for the preparation of a.














[image: alt]





Synthesis of 2-aroyl - Arkivoc 

Now the Debus-Radziszewski condensation is still used for creating C- ...... Yusubov, M. S.; Filimonov, V. D.; Vasilyeva, V. P.; Chi, K. W. Synthesis 1995, 1234.














[image: alt]





Gold Standard Requirements V2.1 - The Gold Standard 

Aug 1, 2008 - 0.5 Documents of Gold Standard version 2. .... generating resources such as coal-fired power plants, waste incineration plants, wind energy and biomass. ... renewable energies and energy efficient technologies. For business ...














[image: alt]





Gold Standard Requirements V2.1 - The Gold Standard 

Aug 1, 2008 - First Climate as a globally positioned company covering the entire carbon credit ..... design. The Gold Standard assumes a world where imperfect ... Standard does not in any way reflect back on an application to the CDM ...














[image: alt]





Gold separator 

Apr 23, 1975 - _ [45] July 20, 1976. Primary Examiner-Frank W. Lutter. Assistant Examinerâ€”Ralph J. Hill. Attorney, Agent, or Firmâ€”Wells, St. John & Roberts.














[image: alt]





Pot of Gold Box Template.pdf 

Page 1 of 2. it's your. lucky day. Print on 8.5 x 11 sized cardstock and cut & fold according to instructions on next page. Page 1 of 2 ...














[image: alt]





Synthesis of Zincic Phthalocyanine Derivative ... 

photodynamic cancer therapy [4], solar energy conversion. [5], gas sensors [6] etc. Many compounds have been produced where identical substituents have ...














[image: alt]





Total synthesis of atroviridin 

25Â°C; (f) PhCH3, 0.5 h, 40Â°C, 77% overall; (g) 2.2 equiv. NaBH4, 22 equiv. AcOH, THF, 0.5 h, 25Â°C; (h) 2.5 equiv. MEMCl, 2.8 equiv. DIPEA, CH2Cl2,2h,0Â°C, ...














[image: alt]





SYNTHESIS AND CHARACTERIZATION OF ... 

1 Faculty of Chemical Technology, Hanoi University of Technology. 2 Institute of .... their different degrees of ionization depending on pH values. Actually, the ...


























×
Report Aqueous-Phase Room-Temperature Synthesis of Gold ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















