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Adam R. Abate, Mikhail Kutsovsky, Sebastian Seiffert, Maike Windbergs, Luis F. V. Pinto, Assaf Rotem, Andrew S. Utada, and David A. Weitz* Microfluidic devices can form emulsions that are highly uniform in size;[1–3] they can also form compound emulsions, in which each supradroplet contains exactly the same number of internal droplets, packed in exactly the same configuration.[4–6] Because the drops can be formed with a highly controlled structure and uniformity, they are useful as templates to synthesize monodisperse particles. In such a process, microfluidic devices are used to form droplets with the desired structure, which are then solidified to produce particles. This allows synthesis of particles with a variety of shapes, including Janus particles, nonspherical dimers, and core–shell capsules.[7–10] However, the fluid precursors must be compatible with the formation of drops in microfluidic devices: this precondition limits the applicability of this technique. For example, this circumstance requires fluids with a low viscosity, negligible viscoelastic response, and moderate interfacial tension. If even one of these constraints is not met, it is difficult to achieve drop formation in the stable dripping regime. Instead, jetting occurs, resulting in the production of polydisperse particles.[11] This represents a significant limitation, as the most useful materials for making particles typically have properties that do not meet these constraints. For example, lipid melts, due to their amphiphilic chemical properties, tend to be viscous and have low interfacial tension with oil or aqueous carrier phases. Solutions of long-chain polymers like poly(N-isopropylacrylamide) (pNIPAM)[12] or polyurethane–polybutadienediol (pU–pBDO),[13] form excellent particles, but tend to be viscous and have significant viscoelastic response at the shear rates needed for controlled drop formation.[1,11,14] As a consequence, these fluids, and many others like them, cannot be used to synthesize particles in microfluidic devices, greatly limiting the applicability of this technique. To overcome the limitations with such fluids, a more robust drop formation mechanism is needed.
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In this paper, we present a technique to create monodisperse particles from fluids that are normally incompatible with synthesis in microfluidic devices. We use one-step double emulsification,[15] a recently-developed technique in which the difficultto-emulsify fluid is surrounded by an immiscible chaperoning fluid that is easy to emulsify, forming a coaxial jet of the difficult fluid within the chaperoning fluid. The coaxial jet is introduced into a channel that widens horizontally and vertically, thereby creating a dripping instability in the chaperoning fluid. This instability causes the chaperone to pinch into equally-sized drops, which, in turn, pinches the inner fluid into equally-sized drops, thereby creating double emulsions in which drops of the difficult fluid are encapsulated within drops of the chaperoning fluid. We demonstrate the use of this microfluidic technique to form particles from fluids that, heretofore, have been incompatible with microfluidic synthesis. This is achieved using one-step double emulsification to form monodisperse droplets from several classes of difficult-to-emulsify fluids; the droplets are then solidified using polymerization, polymer cross-linking, or crystallization, thereby forming particles of the desired materials. Since one-step double emulsification is capable of forming monodisperse emulsions with a much wider variety of solutions than conventional drop formation techniques, this approach greatly broadens the kinds of particles that can be formed. To synthesize particles with this process, we use microfluidic devices that form double emulsions.[4,6,16] These devices consist of two cross-channel junctions connected in series, as shown in Figure 1. They are fabricated from poly(dimethylsiloxane) (PDMS) using the technique of soft lithography.[17] We use channels that vary in both width and height to reduce the constraints of wettability patterning, thereby broadening the types of drops that can be produced. We fabricate these devices using multilayer photolithography to create multiheight channels.[18] To make the height graduations symmetric in the vertical direction, we fabricate two PDMS replicas per device that are near-mirror images of each other. The bottom surfaces of these devices are aligned and bonded using plasma oxidation. Since some of the fluids used in these experiments contain organic solvents that would swell the PDMS devices, we coat the channels with parylene-c to increase their chemical resistance.[19,20] When making waterin-oil-in-water (W/O/W) double emulsions, the devices must be hydrophobic: this is achieved with the parylene-c coating. To make oil-in-water-in-oil (O/W/O) double emulsions, we plasmaoxidize the devices after they are coated, and then flow-pattern[21] the outlet with Aquapel (PPG, Pittsburgh, PA), a chemical that makes the channels hydrophobic. This makes the first junction hydrophilic and the second junction hydrophobic, as required to form these emulsions.
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Figure 1. Schematic of a double emulsion drop maker consisting of two cross-channel junctions in series. The first junction has channel dimensions of 50 μm in width and 50 μm in height. The second junction widens horizontally and vertically to 200 μm in width and 150 μm in height. The difficult-to-emulsify polymer fluid (light blue) is injected into the central inlet of the first junction and surrounded by a chaperoning fluid (red) injected into the two side inlets. This creates a stable jet of the polymer fluid within the chaperone fluid. These fluids then enter the second junction, where the continuous phase (dark blue) is added from two more side inlets. Due to the widening of the channels, this also creates an absolute instability in the chaperoning fluid, causing it to narrow and pinch into drops: as it does so, it squeezes on the polymer fluid, pinching it into drops. The results are double emulsions having monodisperse polymer drops at their core. The dashed box demarcates the region pictured in the following figures.



To form drops in a microfluidic device, the flow conditions must be set such that the system operates in the dripping regime.[1,11,14] For Newtonian fluids, this generally occurs for conditions in which the sum of the inner phase Weber number and the continuous phase capillary number is less than one: this allows formation of highly uniform drops over a wide range of flow rates. For non-Newtonian fluids, however, these conditions do not normally suffice, and generally it is extremely difficult to achieve monodisperse dripping. Instead, the extensional viscosity of the fluids resists the pinching needed to form drops, leading to the formation of long jets that break into drops of uncontrolled size due to the Rayleigh–Plateau instability, as shown in Figure 2, left. The difficulty of controllably emulsifying non-Newtonian solutions in microfluidics is a known and persistent problem,[22] limiting the applicability of these techniques. Our strategy for overcoming this limitation is not to rely on the inherent Rayleigh–Plateau instability of the viscoelastic jet, but instead to use a second, coaxial Newtonian fluid. The Rayleigh–Plateau instabilities in this second fluid induce drop formation, and this is transferred to the inner fluid, which also forms drops. This is achieved by injecting the viscoelastic fluid into the central inlet of a cross-junction device and the Newtonian chaperoning fluid into the side inlets. For the most controlled operation, the chaperoning fluid should have moderate viscosity, not much higher than 10 Pa s, and moderate-to-high surface tension, between 1 and 100 mN m−1. The fluids are then introduced into a second junction, where the channels widen horizontally and vertically, and into which a third fluid, immiscible with the Newtonian fluid, is injected. These flow conditions create a coaxial jet in which the viscoelastic fluid is surrounded by the Newtonian fluid, which itself is surrounded by the continuous phase. Due to the widening of the channel, this also creates an absolute instability[23] that generates oscillations in the interface between the middle and outer fluids, the wavelengths of which depend on the flow rate of the continuous
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Figure 2. Fast-camera image sequence of the emulsification of a viscoelastic polymer solution failing (left), using direct single emulsification, and succeeding (right), using one-step double emulsification. For the single emulsion the fluids are heavy molecular weight pNIPAM for the droplet phase and mineral oil for the continuous phase, injected at 500 μL h−1 and 3000 μL h−1, respectively. For the one-step case the inner and middle phase fluids are unchanged, but the continuous phase is water with poly(vinylalcohol) at 10% by weight, with injection rates of 500 μL h−1, 500 μL h−1, and 2500 μL h−1, for the inner, middle, and continuous phases, respectively. All images are at the same magnification, with final double emulsion drop diameters of 150 μm. Fast-camera videos of these processes are available in the Supporting Information.



phase. If the inner jet were not present, these oscillations would break the Newtonian fluid into monodisperse drops.[11] However, the viscoelastic response of the inner jet resists this pinching, instead causing the oscillations to be convected downstream by the flow, as shown in Figure 2, right, and in movies available in the Supporting Information. Nevertheless, as the oscillations are convected downstream they grow in amplitude, squeezing on the inner jet and eventually pinching it into drops, thereby forming double emulsions. The outlet channel must be long enough such that the pinching has time to complete: if the time is too short, the outlet can be lengthened or the flow velocities reduced, both increasing pinch time. During the pinching, a thread forms between the two bulges that will become double emulsions. After the thread breaks, the remaining fluid is pulled into a sphere, becoming a small satellite double emulsion droplet, as shown in Figure 2, right. The satellites are thus byproducts of fluid getting trapped in the thread, due to its inability to drain faster than the pinch off occurs; they are, however, relatively small and are also quite monodisperse. We observe satellite drops with diameters ranging from 1 to 50 μm in diameter, depending on the flow conditions and fluid properties. For a given set of conditions, we measure a coefficient of variation (CV) in the satellite drop diameter of about 5%. To better understand the nature of the drop formation process, we estimate the forces involved in the coaxial pinching. There are two competing stresses in the process: the
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inward squeezing of the interface due to the increased Laplace pressure, and the viscoelastic response of the thread. The squeezing stress can be estimated as ΔP = 2σ/r, where σ is the interfacial tension and r is the radius of curvature of the interface. For example, for the smallest radius of the thread of fluid shown in Figure 2, the radius is estimated to be r ≈ 5 μm, yielding a squeezing pressure of 2 kPa, for a surface tension of the chaperoning fluid of 10 mN m−1. Opposing this is the viscoelastic response of the polymer solution. The pinching squeezes polymer out of the thread at a shear rate we estimate to be 100 Hz based on the fluid drainage velocity and dimensions of the thread. From linear viscoelastic measurements using oscillatory shear rheology, we measure the polymer solution loss modulus to be 0.3 Pa at a shear rate of 10 Hz. At these rates, the response is dominated by viscous Figure 3. Demonstration of failing and succeeding emulsification using single and one-step effects, which increase linearly with the fre- double emulsification, respectively. A) Emulsification of a viscoelastic semidilute pNIPAM polquency. Thus, for the shear rates relevant ymer solution and the resultant particles below. B) Emulsification of a viscous and viscoelastic the resultant particles below. The flow rates for to pinching, we estimate a total viscoelastic polymer solution composed of pU–pBDO and the single emulsion case (left) are 1000 μL h−1, 1000 μL h−1, and 0 μL h−1 for the inner, middle, response of 30 Pa. This describes the pinching and continuous phases, respectively, and the one-step double emulsion case (right) 1000 μL h−1, at one thread radius, however, these forces 1000 μL h−1, and 10 000 μL h−1 for the inner, middle, and continuous phases, respectively. The vary throughout the thinning of the thread: as high viscosity of this inner phase prevents drop formation, instead leading to a coiling instathe thread radius decreases, both the Laplace bility that forms a helix, unless one-step double emulsification is used. C) Emulsification of a pressure and, through the shear rate, the vis- low interfacial tension and viscous lipid melt and the resultant particles below. The flow rates −1 −1 coelastic response, increase. However, each are 500 μL h for−1 the inner phase, 1500 μL h for the middle phase, and, for the one-step case, 10 000 μL h for the continuous phase. The melt is liquefied by heating it to 75 °C before force varies inversely with the radius of the introducing it into the microfluidic device. The drop formation channel width in all experiments thread, so squeezing stresses are always more is approximately 200 μm. All scalebars in the lower panels denote 100 μm. than an order of magnitude larger than viscous stresses, ensuring that the interface can pinch the jet into drops. Moreover, because the oscillations are 1,4-dioxane, and again water. The resultant soft microgel partidriven in the outermost Newtonian fluid, they have a constant cles are monodisperse, with CV of 8%, as shown in Figure 3a, wavelength and result in double emulsions which are monolower. disperse, with viscoelastic drops in their core. Viscous fluids are also difficult to emulsify, because their large To illustrate the utility of this approach, we use it to form dissipation resists the deformations needed for drop formation. particles from three classes of fluids that are normally incomTo illustrate the applicability of this method to emulsify such patible with synthesis with microfluidic devices. The first fluid fluids, we use a polymer mixture of pU at 24% and pBDO at 16% consists of a viscoelastic polymer solution that can be gelled by weight, respectively, in toluene.[25] This fluids exhibits a visby UV irradiation. We use chemically modified cross-linkable cosity of 0.5 Pa s at a shear rate of 0.01 Hz, whereas its viscosity pNIPAM with weight-average molecular weight of 1700 kg mol−1 is 0.05 Pa s at 100 Hz due to shear-thinning. Attempting to and polydispersity index 3.5, dissolved in water at 25 g L−1. The emulsify such a fluid by direct single emulsification produces overlap concentration of this polymer in water is c∗ = 2.8 g L−1; very stable jets rather than drops, as shown in Figure 3b, left. thus, our solution is at nine times c∗, which is commonly assoHere, a helical jet is formed, because the widening of the ciated with the semi-dilute entangled regime.[24] This causes the channel creates a velocity difference between the jet and continfluid to respond elastically under shear. In addition, the fluid uous phase. This imposes viscous drag on the jet that induces a exhibits shear-thinning, covering a viscosity range of 2 Pa s at coiling instability (see also movies available in the SI). However, a shear rate of 0.01 Hz and 0.05 Pa s at 100 Hz. If single emulby again surrounding this jet by a Newtonian fluid and applying sification is used, a long, rippling jet is produced instead of one-step double emulsification, even this highly viscous fluid drops, as shown in Figure 3a, top left. However, by surrounding is broken into equal-sized drops, as shown in Figure 3b, this jet by a Newtonian fluid and using one-step double emulright. Due to the high viscosity of this fluid, it takes a long time sification, we break it into drops of controlled size, as shown in for the inner drop to relax into a spherical shape: it continues Figure 3a, top right, and in movies available in the Supporting out of the device as an irregular, chiral shape. If desired, this Information. We collect the double emulsions and expose them shape can be locked-in by rapid solidification, which can be to UV light, thereby gelling the inner drops by cross-linking achieved, for example, by photoinduced cross-linking. Here, we the polymer chains.[22] The resultant particles are redispersed solidify the pU–pBDO drops by adding dibutyltin dilaurate as into a final carrier solvent by washing with water, isopropanol, a catalyst to the polymer mixture prior to drop formation. The
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resulting double emulsions are collected in a vial and heated to 65 °C for 12 h to complete the cross-linking. They are then redispersed in toluene. The particles are reasonably monodisperse, with CV of 5%, but have a patch on one side, possibly due to mechanical forces generated during gelation, as shown in Figure 3b, lower. Lipid melts are another class of fluid that is difficult to emulsify, because the amphiphilic properties of the constituent molecules cause them to stick to channel surfaces and also to have low interfacial tension with carrier solvents. Moreover, they must be liquefied by heating prior to emulsification, though even then they remain viscous. These properties make them especially difficult to emulsify in microfluidic devices: instead they produce smooth, stable jets, as shown in Figure 3c, left. In our experiments we use hydrogenated coco glycerides, heated to 75 °C prior to injection into the device. Even this fluid can be emulsified with one-step double emulsification, as shown in Figure 3c, right, and in movies available in the SI. The resulting lipid double emulsions are solidified by collecting them into an ice bath to freeze the melt, thereby producing particles, as shown in Figure 3c, lower. The particles have a CV of 10% in diameter. There are several advantages of one-step double emulsification over single emulsification when making particles. The particle formation throughput is equal to the drop production rate: the maximum rate is limited by the dripping-to-jetting transition. The precise value of this transition depends on the fluid properties, including the mass, viscosity, and interfacial tension. Thus, the chaperoning fluid can be selected to have properties that maximize the production rate, independent of the particle-forming fluid, which can be chosen for the optimal properties of the target particles. This can be achieved, for example, by using a low-density middle-phase fluid and a middle/continuous-phase combination with high interfacial tension. Another advantage of one-step double emulsification is the ability to synthesize particles that are much smaller in diameter than the drop-forming channel. Normally this is not possible due to the physics of microfluidic drop formation.[2] However, with one-step double emulsification this constraint is lifted, because the final size of the particle depends on the flow-rate ratio of the inner-tomiddle phase during formation, Vin = Vdb × Qin/(Qin + Qmid) where Vin is the inner drop volume, Vdb the double emulsion volume, Qin the inner-phase flow rate, and Qmid the middlephase flow rate. Even if Vdb is fixed, Din can be reduced by setting the flow-rate ratio small. One-step double emulsification enables formation of monodisperse particles from fluids that cannot normally be used in droplet-based microfluidics, including viscous or viscoelastic polymer solutions or low interfacial tension polymer melts. This is useful for synthesizing new kinds of particles, including particles that are made from waxy lipids and semidilute entangled polymer solutions. It should also be useful for synthesizing many other types of particles.



wileyonlinelibrary.com



Supporting Information Supporting Information is available from the Wiley Online Library or from the author.



Acknowledgements This work was supported by the NSF (DMR-0602684), the Harvard MRSEC (DMR-0820484), and the Massachusetts Life Sciences Center. S.S. was a research fellow of the German Academy of Sciences Leopoldina (BMBF-LPD 9901/8-186) and is now a Liebig fellow of the Fund of the Chemical Industry (Germany). M.W. was funded by the German Academic Exchange Service. L.F.V.P acknowledges support grant #108767 from Calouste Gulbenkian Foundation. Received: November 19, 2010 Revised: December 21, 2010 Published online: March 11, 2011



[1] P. B. Umbanhowar, V. Prasad, D. A. Weitz, Langmuir 2000, 16, 347–351. [2] P. Garstecki, M. J. Fuerstman, H. A. Stone, G. M. Whitesides, Lab Chip 2006, 6, 437–446. [3] S. L. Anna, N. Bontoux, H. A. Stone, Appl. Phys. Lett. 2003, 82, 364–366. [4] T. Nisisako, S. Okushima, T. Torii, Soft Matter 2005, 1, 23–27. [5] L. Y. Chu, A. S. Utada, R. K. Shah, J. W. Kim, D. A. Weitz, Angew. Chem. Int. Ed. 2007, 46, 8970–8974. [6] A. R. Abate, D. A. Weitz, Small 2009, 5, 2030–2032. [7] Z. Nie, S. Xu, M. Seo, P. C. Lewis, E. Kumacheva, J. Am. Chem. Soc. 2005, 127, 8058–8063. [8] S.-Y. Teh, R. Lin, L.-H. Hung, A. P. Lee, Lab Chip 2008, 8, 198–220. [9] D. Dendukuri, P. S. Doyle, Adv. Mater. 2009, 21, 4071–4086. [10] E. Tumarkin, Kumacheva, Chem. Soc. Rev. 2009, 38, 2161–2168. [11] A. S. Utada, A. Fernandez-Nieves, H. A. Stone, D. A. Weitz, Phys. Rev. Lett. 2007, 99, 094502. [12] H. G. Schild, Prog. Polym. Sci. 1992, 17, 163–249. [13] M. H. Godinho, J. L. Figueirinhas, C. T. Zhao, M. N. de Pinho, Macromolecules 2000, 33, 7675–7678. [14] C. Cramer, P. Fischer, E. J. Windhab, Chem. Eng. Sci. 2004, 59, 3045–3058. [15] A. R. Abate, J. Thiele, D. A. Weitz, Lab Chip 2011, 11, 253–258. [16] M. Seo, C. Paquet, Z. H. Nie, S. Q. Xu, E. Kumacheva, Soft Matter 2007, 3, 986–992. [17] J. C. McDonald, D. C. Duffy, J. R. Anderson, D. T. Chiu, H. Wu, O. J. A. Schueller, G. M. Whitesides, Electrophoresis 2000, 21, 27–40. [18] F. C. Chang, Y. C. Su, J. Micromech. Microeng. 2008, 18, 065018. [19] P. J. Chen, C. Y. Shih, Y. C. Tai, Lab Chip 2006, 6, 803–810. [20] Z. S. Hua, Y. M. Xia, O. Srivannavit, J. M. Rouillard, X. C. Zhou, X. L. Gao, E. Gulari, J. Micromech. Microeng. 2006, 16, 1433–1443. [21] A. R. Abate, J. Thiele, M. Weinhart, D. A. Weitz, Lab Chip 2010, 10, 1774–1776. [22] S. Seiffert, D. A. Weitz, Soft Matter 2010, 6, 3184–3190. [23] A. S. Utada, A. Fernandez-Nieves, J. M. Gordillo, D. A. Weitz, Phys. Rev. Lett. 2008, 100, 014502. [24] T. P. Lodge, N. A. Rotstein, S. Prager, Adv. Chem. Phys. 1990, 79, 1–132. [25] M. H. Godinho, A. C. Trindade, J. L. Figueirinhas, L. V. Melo, P. Brogueira, A. M. Deus, P. I. C. Teixeira, Eur. Phys. J. E 2006, 21, 319–330.



© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



Adv. Mater. 2011, 23, 1757–1760



























[image: Total solid-phase synthesis of bombesin ... - Wiley Online Library]
Total solid-phase synthesis of bombesin ... - Wiley Online Library












[image: Plant energetics and the synthesis of population ... - Wiley Online Library]
Plant energetics and the synthesis of population ... - Wiley Online Library












[image: Plant energetics and the synthesis of population ... - Wiley Online Library]
Plant energetics and the synthesis of population ... - Wiley Online Library












[image: Synthesis and photoinduced electron transfer ... - Wiley Online Library]
Synthesis and photoinduced electron transfer ... - Wiley Online Library












[image: A new blue-light emitting polymer: Synthesis ... - Wiley Online Library]
A new blue-light emitting polymer: Synthesis ... - Wiley Online Library












[image: Transfer of adaptation from visually guided ... - Wiley Online Library]
Transfer of adaptation from visually guided ... - Wiley Online Library












[image: Microbial conversion of sugars from plant ... - Wiley Online Library]
Microbial conversion of sugars from plant ... - Wiley Online Library












[image: ELTGOL - Wiley Online Library]
ELTGOL - Wiley Online Library












[image: The Metaphysics of Emergence - Wiley Online Library]
The Metaphysics of Emergence - Wiley Online Library












[image: Competing paradigms of Amazonian ... - Wiley Online Library]
Competing paradigms of Amazonian ... - Wiley Online Library












[image: Principles of periodontology - Wiley Online Library]
Principles of periodontology - Wiley Online Library












[image: poly(styrene - Wiley Online Library]
poly(styrene - Wiley Online Library












[image: Recurvirostra avosetta - Wiley Online Library]
Recurvirostra avosetta - Wiley Online Library












[image: Kitaev Transformation - Wiley Online Library]
Kitaev Transformation - Wiley Online Library












[image: Hormonal regulation of appetite - Wiley Online Library]
Hormonal regulation of appetite - Wiley Online Library












[image: from institutions to financial development and ... - Wiley Online Library]
from institutions to financial development and ... - Wiley Online Library












[image: PDF(3102K) - Wiley Online Library]
PDF(3102K) - Wiley Online Library












[image: Standard PDF - Wiley Online Library]
Standard PDF - Wiley Online Library












[image: Authentic inquiry - Wiley Online Library]
Authentic inquiry - Wiley Online Library












[image: TARGETED ADVERTISING - Wiley Online Library]
TARGETED ADVERTISING - Wiley Online Library












[image: Verbal Report - Wiley Online Library]
Verbal Report - Wiley Online Library












[image: PDF(270K) - Wiley Online Library]
PDF(270K) - Wiley Online Library












[image: Phylogenetic Systematics - Wiley Online Library]
Phylogenetic Systematics - Wiley Online Library












[image: PDF(270K) - Wiley Online Library]
PDF(270K) - Wiley Online Library















Synthesis of Monodisperse Microparticles from ... - Wiley Online Library






Mar 11, 2011 - Newtonian Polymer Solutions with Microfluidic Devices. Dr. A. R. Abate , Dr. S. Seiffert , Dr. M. Windbergs , Dr. A. Rotem ,. Dr. A. S. Utada , Prof. D. A. Weitz. Harvard University. School of Engineering and Applied Sciences and Department of Physics. 29 Oxford Street, Cambridge, Massachusetts 02138, USA. 






 Download PDF 



















 415KB Sizes
 3 Downloads
 302 Views








 Report























Recommend Documents







[image: alt]





Total solid-phase synthesis of bombesin ... - Wiley Online Library 

Journal of Peptide Science. J. Pept. Sci. 2007; 13: 487â€“492. Published online 8 June 2007 in Wiley InterScience (www.interscience.wiley.com).














[image: alt]





Plant energetics and the synthesis of population ... - Wiley Online Library 

life-history traits, plant population and community dynamics. Introduction. If the plant ... tion in biogeochemical cycles (De Deyn, Cornelissen &. Bardgett 2008) or ... Beyond specific application to PEMs, the approach I advo- cate in this paper ...














[image: alt]





Plant energetics and the synthesis of population ... - Wiley Online Library 

cesses, on the other hand, involve the flow of energy and materials between plants, animals and microbes, and are thus closely related to the biomass dynamics ...














[image: alt]





Synthesis and photoinduced electron transfer ... - Wiley Online Library 

Electron Transfer Process. YU CHEN,1 YING LIN,1 MOHAMED E. EI-KHOULY,2,3 NAN HE,1 AIXIA YAN,4 YING LIU,1. LIANGZHEN CAI,1 OSAMU ITO2.














[image: alt]





A new blue-light emitting polymer: Synthesis ... - Wiley Online Library 

RAPID COMMUNICATION. A New Blue-Light ... 3Department of Chemistry, Faculty of Education, Tanta University, Egypt ... Beijing University of Chemical Technology, 15 BeiSanHuan East Road, Beijing 100029, People's Republic of China.














[image: alt]





Transfer of adaptation from visually guided ... - Wiley Online Library 

Keywords: double visual stimulation, eye movement, human, saccade averaging, saccadic plasticity. Abstract. The adaptive mechanisms that control the amplitude of visually guided saccades (VGS) are only partially elucidated. In this study, we investig














[image: alt]





Microbial conversion of sugars from plant ... - Wiley Online Library 

selected chemicals and fuels that can be produced from microbial fermentation of plant-derived cell-wall sugars and directed engineering for improvement of microbial biocatalysts. Lactic acid and ethanol production are highlighted, with a focus on en














[image: alt]





ELTGOL - Wiley Online Library 

ABSTRACT. Background and objective: Exacerbations of COPD are often characterized by increased mucus production that is difficult to treat and worsens patients' outcome. This study evaluated the efficacy of a chest physio- therapy technique (expirati














[image: alt]





The Metaphysics of Emergence - Wiley Online Library 

University College London and Budapest University of. Technology and Economics. I. Mental Causation: The Current State of Play. The following framework of ...














[image: alt]





Competing paradigms of Amazonian ... - Wiley Online Library 

September 2014, immediately after the accepted version of this manuscript was sent to the authors on 18 September. 2014. doi:10.1111/jbi.12448. Competing ..... species are there on earth and in the ocean? PLoS Biology, 9, e1001127. Moritz, C., Patton














[image: alt]





Principles of periodontology - Wiley Online Library 

genetic make-up, and modulated by the presence or ab- sence of ... can sense and destroy intruders. ..... observation that apparently healthy Japanese sub-.














[image: alt]





poly(styrene - Wiley Online Library 

Dec 27, 2007 - (4VP) but immiscible with PS4VP-30 (where the number following the hyphen refers to the percentage 4VP in the polymer) and PSMA-20 (where the number following the hyphen refers to the percentage methacrylic acid in the polymer) over th














[image: alt]





Recurvirostra avosetta - Wiley Online Library 

broodrearing capacity. Proceedings of the Royal Society B: Biological. Sciences, 263, 1719â€“1724. Hills, S. (1983) Incubation capacity as a limiting factor of shorebird clutch size. MS thesis, University of Washington, Seattle, Washington. HÃ¶tker, 














[image: alt]





Kitaev Transformation - Wiley Online Library 

Jul 1, 2015 - Quantum chemistry is an important area of application for quantum computation. In particular, quantum algorithms applied to the electronic ...














[image: alt]





Hormonal regulation of appetite - Wiley Online Library 

E-mail: [email protected]. Hormonal regulation of appetite. S. Bloom. Department of Metabolic Medicine, Imperial. College London, London, UK. Keywords: ...














[image: alt]





from institutions to financial development and ... - Wiley Online Library 

MA 02148, USA. .... The former may impact the degree of risk-sharing and availability of liquidity in an ..... influence the political process by which institutions enhance or hinder financial development. Table 2 ...... American Political Science.














[image: alt]





PDF(3102K) - Wiley Online Library 

Rutgers University. 1. Perceptual Knowledge. Imagine yourself sitting on your front porch, sipping your morning coffee and admiring the scene before you.














[image: alt]





Standard PDF - Wiley Online Library 

This article is protected by copyright. All rights reserved. Received Date : 05-Apr-2016. Revised Date : 03-Aug-2016. Accepted Date : 29-Aug-2016. Article type ...














[image: alt]





Authentic inquiry - Wiley Online Library 

By authentic inquiry, we mean the activities that scientists engage in while conduct- ing their research (Dunbar, 1995; Latour & Woolgar, 1986). Chinn and Malhotra present an analysis of key features of authentic inquiry, and show that most of these 














[image: alt]





TARGETED ADVERTISING - Wiley Online Library 

the characteristics of subscribers and raises advertisers' willingness to ... IN THIS PAPER I INVESTIGATE WHETHER MEDIA TARGETING can raise the value of.














[image: alt]





Verbal Report - Wiley Online Library 

Nyhus, S. E. (1994). Attitudes of non-native speakers of English toward the use of verbal report to elicit their reading comprehension strategies. Unpublished Plan B Paper, Department of English as a Second Language, University of Minnesota, Minneapo














[image: alt]





PDF(270K) - Wiley Online Library 

tested using 1000 permutations, and F-statistics (FCT for microsatellites and ... letting the program determine the best-supported combina- tion without any a ...














[image: alt]





Phylogenetic Systematics - Wiley Online Library 

American Museum of Natural History, Central Park West at 79th Street, New York, New York 10024. Accepted June 1, 2000. De Queiroz and Gauthier, in a serial paper, argue that state of biological taxonomyâ€”arguing that the unan- nointed harbor â€œwide














[image: alt]





PDF(270K) - Wiley Online Library 

ducted using the Web of Science (Thomson Reuters), with ... to ensure that sites throughout the ranges of both species were represented (see Table S1). As the ...


























×
Report Synthesis of Monodisperse Microparticles from ... - Wiley Online Library





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.
















