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5分钟摘要



高达一兆美元的明日巨星 
英文




纳
 米科技就是运用原子层级的物质，创造更好的材料、仪器和系统。在今后可见的数年内，纳米科技将带来大量新材料，直接冲击许多产业，例如制造、保健、能源、农业、通讯、交通运输和电子等产业。到2010年，纳米科技产品和服务的市场规模，可达1兆美元，并创造80万到200万个新工作。

换句话说，纳米科技产品的出现与商业化将冲击各个产业，剧烈改变整体商业趋势。这位明日巨星将席卷市场，因此每个人都得了解纳米科技究竟是什么。
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“纳米科技对人类健康、财富和生活的影响，无论如何必将等于微电子学、医学影像、计算机辅助工程学及人造聚合物，在20世纪所产生的影响总和。”

——1996年诺贝尔化学奖得主理查德·史默利

“由于纳米科技，我们会在未来30年看到人类文明的改变，其数量将远超过整个20世纪。”

——美国国家科学基金会纳米科技资深顾问麦克·洛可



MAIN IDEA





中文




N
 anotechnology is the manipulation of matter at the atomic level to create better materials, devices and systems. Within the next few years and into the foreseeable future, nanotechnology will be introducing impressive new materials that will impact directly on a large number of industries -- manufacturing, health care, energy, agriculture, communication, transportation and electronics. By 2010, the market for nanotechnology products and services will reach $1 trillion and will create 800, 000-2 million new jobs.

In other words, the arrival and commercialization of nanotechnology products will impact every business and dramatically alter the general business climate. It is the next big thing, which will hit the marketplace, and therefore, everyone needs to understand what nanotechnology is all about.
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"The impact of nanotechnology on the health, wealth and lives of people will be at least the equivalent of the combined influences of microelectronics, medical imaging, computer-aided engineering and man-made polymers in the twentieth century."

-- Richard Smalley, winner of the 1996 Nobel Prize in Chemistry

"Because of nanotechnology, we will see more change in our civilization in the next thirty years than we did during all of the twentieth century."

-- Mike Rocco, senior adviser for nanotechnology at the National Science Foundation



纳米科技1　纳米科技是什么？ 
英文



主要观念

纳米是10亿分之1公尺，在这种尺寸下，便有可能控制单一原子和分子，创造具有特定性质的材料和仪器。纳米科技的重要性在于，可以发展在某特定状态下才可创造的新材料，而不会受制于自然生成原料。

〔编注：纳米科技（或称毫微技术）是纳米尺寸下的科学技术。纳米（Nanometer），是长度单位，数学符号为nm。Nano的希腊文字义原是“侏儒”的意思，1公尺的1000分之1是1公厘，1公厘的1000之1是1微米，1微米的1000分之1是1纳米，1纳米为10亿分之1公尺（1nm=1x10-9
 m），相当于3～4个原子串联起来的长度。若以1公尺比为地球直径，1纳米大约为1个玻璃弹珠的直径。在纳米尺度下，一般传统科学理论、技术均已不适用。因为纳米尺寸的物理性质与普通尺寸的物理性质截然不同，一旦物质尺寸小到1纳米至100纳米范围时，常会产生新的特性与现象。例如最近研究结果发现，莲花表面之纳米结构使污泥无法沾附、金的颗粒大小在5纳米时熔点大幅下降、纳米尺寸的二氧化钛（TiO2
 ）的导电性数，倍于普通尺寸的二氧化钛等。〕

支持概念

纳米科技是一门学习如何在原子或分子的程度下，运用与重新排列物质的技术和科学。英文的“nano”代表10亿分之1个单位，或以10的负9次方表示。1纳米相当于人类一根头发宽度的75, 000分之1，一个DNA分子大约是2.5纳米宽。

纳米科技是一门跨学科的科学，涵盖领域从化学、物理、工程、生物科技，到材料科学和信息科学。正因如此，许多从未和专业领域外人士合作的科学家，现在也展开与其他领域人员共事，结果经由前所未见的异质交流后，产生惊人的创新概念，并导致市场和产品的融合。如今某个领域的发展，却可在另一个看似不相干的领域产生十分惊人的后续效应，纳米科技正在促成数个产业的聚合。

厌倦了层出不穷的夸大形容和各种突破的生意人，会觉得这一股纳米热似乎不太可信，但纳米科技绝非那种遥不可及的理论。从1980年代起，把物质控制在原子状态观察的工具，就持续在改进，“扫瞄探针显微镜”（IBM于1981年发明），能移动和操控单一原子和分子，“核磁共振光谱仪”则可确定分子立体结构，还有一种“纳米操控器”的机器可以移动原子和分子，以及另一种被称为“物理蒸汽合成法”，可大量生产独特的纳米物质，具有任何自然材料无法具备的特殊物理性质。上述这些科技现在都可大量取得。

〔编注：扫瞄式探针显微镜（SPM），用于检测材料表面各种特性的仪器。扫瞄式探针显微镜具有原子级表面形状分辨率，可检测多种纳米级表面特性，如力学特性、电性、磁性、热性等，优点是仪器体积小、测试样品不须特殊处理、可在任何环境下进行测量。可应用的领域包括颜色分析、半导体组件质量检测、硅晶圆/玻璃基板/铝基板之超精密表面粗糙测量、扫瞄探针显微加工及DNA修整与结构验证。

核磁共振光谱仪，为了解分子结构，运用超导材料产生强大电流造成巨大磁场所设计的仪器。

纳米操控器，主要功能为扫瞄探测显微镜提供一个虚拟环境入口，让科学家可以在远距以1：100万的比例观察样本的表面。纳米操控器是计算机科学、物理学、天文学和化学等多种领域合作研究下的产物。

物理蒸汽合成法（PVS），制程中以电弧法蒸发出高纯度的金属，产生的金属电浆再与空气—氧气混合气反应，形成金属氧化物，为球状颗粒，纯度在99%以上。目前中油运用ZnO触媒去除油料中硫化氢及氯化合物，每年产生数百公吨废氧化锌触媒，其氧化锌含量大于85%，较制造氧化锌工业所使用原料（含锌化锌量约40～60%）高出许多，若能以此废ZnO为起始原料，制成纳米ZnO粉末，商机可期。〕

纳米科技的潜在利益非常惊人，请参考下列例子：


	新的营建材料可依顾客所需特性设计，而非单纯接受自然界现有材料。这对全球4, 600亿美元的塑料业、美国570亿美元的钢铁业和270亿美元的玻璃业，产生一连串效应。

	180亿美元的化妆品产业会因持久型唇膏、全新色彩睫毛膏，或是使用完全透明原料的防晒霜等产品出现，而完全改观。

	有机材料如玻璃，能在原子状态下和无机材料结合，制造出如大尺寸、便宜的平面显示器等产品。同时，纳米科技可能导致计算机芯片的尺寸缩小100倍，因而增加计算机运算能力达1万倍，纳米科技将对价值5, 500亿的全球电子市场产生巨大冲击。

	如果忧郁症、肥胖症、阿兹海默症和其他疾病的“分子治疗”技术成真，1.7兆美元的保健产业会出现巨变。要是人类寿命因而延长，这项冲击会扩及至价值900亿美元的美国保险产业。再者，如果医疗研究人员更了解人体运作方式，那么就连骨质疏松、甚至癌症或艾滋病都有可能出现疗法，这又会冲击1, 800亿美元的医药业。

	纳米科技的制造方式在合成物质时，仅需使用必要之原料而不需使用化学成分或溶剂，这样便可降低使用污染和有害化学品。以纳米科技为基础的制造业，就可以变成“最干净又环保”的产业。

	对消费者而言，未来消费者有可能订购符合自己特殊喜好的饮料，不用受限于制造商只生产能够大量贩卖的产品。这或许能像在早晨冲泡一杯咖啡因较高的咖啡，其他时间改喝香料较多的咖啡一样简单。



总之，纳米科技有能力创造出非一般物理环境自然产生的材料，对商业界而言，绝对是革命性而非进化性的影响。

关键思维

“纳米科技给了我们利用大自然（原子和分子）玩出不同花样的‘终极玩具盒’的工具，可以创造组合所有的事物，未来创造新事物的可能性将无可限量。”

——诺贝尔物理奖得主　贺斯特·史特默

“纳米科技会促使企业彻底重新思考自己的核心事业是什么，竞争者是谁，工作团队需要哪些技能，要如何训练员工，以及如何实施长程策略计划和设想未来。这并不表示纳米科技是遥远、含糊不清、未来派的科技，纳米科技早已在现今经济体系中抢滩建堡了。现在服装业开始感受到纳米科技的影响，例如美国著名户外休闲服、用品零售商艾迪·鲍尔（Eddie Bauer），目前正运用内嵌微粒制造出抗污垢卡其布。这项看似简单的革新不只会影响穿卡其布料衣服的人，还包括干洗业者。干洗业者的生意会衰退，洗洁剂制造商的产品销售速度也会减缓，去污剂这类产品的顾客跟着大幅减少。这种谨慎且适切的低科技纳米技术应用，只是大冰山的小角，而这座冰山却足以撞沉那些‘永不沉没’的大公司。”

——欧德瑞奇与纽贝蕊



Nanotechnology 1　What is nanotechnology? 
中文



Main Idea

A nanometer is one-billionth of a meter. At this level, it becomes possible to manipulate individual atoms and molecules to create materials and devices, which have specified characteristics. The essence of nanotechnology is that new materials can be developed which will perform to exact specifications rather than being stuck with how naturally occurring materials perform.

Supporting Ideas

Nanotechnology is the art and science of learning how to manipulate and rearrange materials at the atomic or molecular level. The term "nano" means one-billionth of something, or 10-9
 . A nanometer is 1/75, 000th the width of a human hair. A DNA molecule is about 2.5 nanometers wide.

Nanotechnology is cross-disciplinary. It draws on aspects from chemistry, physics, engineering, biology, materials science and information sciences. Because of this, many scientists who have never worked with people outside their area of specialization are now collaborating with people from other fields. This is generating a tremendous cross-fertilization of ideas, which has never occurred before, and it is leading to a merging of markets and products. Developments now being made in one field can have quite startling flow-on effects in another seemingly unrelated area. Nanotechnology is bringing about the convergence of a number of industries.

All of this enthusiasm for the potential of nanotechnology may seem far-fetched to business people who are jaded by a constant stream of superlatives and breakthroughs, but nanotechnology is no pie-in-the-sky theory. Since the 1980s, the tools for seeing and manipulating matter at the atomic level have been evolving and improving. The scanning probe microscope (invented in 1981 by IBM) makes it possible for individual atoms and molecules to be moved and manipulated. Nuclear magnetic resonance spectrometers determine the 3-dimensional structure of molecules, and a machine called a "NanoManipulator" allows atoms and molecules to be moved. A process called physical vapor synthesis is available to produce mass quantities of unique nanomaterials which will have unique physical characteristics not found in any naturally occurring material. All of these technologies are now available and are known quantities.

The potential benefits of nanotechnology are highly impressive:


	New building construction materials can be created that has the characteristics the customer wants rather than simply taking the materials nature has provided. This will have flow-on effects in the $460 billion global plastics industry, the $57 billion U. S. steel industry and the $27 billion glass industry.

	The $18 billion cosmetics industry will be reshaped by the availability of longer-lasting lipsticks and mascaras with never-before-seen colors or even completely transparent materials that can be used in sun-screens and such like.

	Organic materials like glass can be combined with inorganic materials at the atomic level to produce items like large and inexpensive flat panel displays. At the same time, nanotechnology may lead to a hundredfold reduction in computer chip size that, in turn, could increase the power of computers by 10, 000-fold. This will have huge implications for the $550 billion global electronics marketplace.

	If molecular level treatments for depression, obesity, Alzheimer's and other diseases become available, the $1.7 trillion health-care industry will be turned on its head. And the impact will flow on to the $90 billion U. S. insurance industry as well if people live longer. Further, if medical researchers better learn how the human body acts, then remedies for osteoporosis and possibly even cancer or AIDS become feasible, impacting on the $180 billion pharmaceutical industry.

	Nanotechnology style manufacturing will use only the materials it requires, without the need for chemicals or solvents to synthesize materials. This will reduce pollution and the use of harmful chemicals. Nanotechnology based manufacturing will be the ultimate in "clean and green。"

	At a consumer level, it will become possible for customers to place orders for drinks made to their specific preferences rather than being limited to whatever the manufacturer can make and sell in large volume. This may be as simple as tailoring your cup of coffee to have more caffeine in the mornings and more flavor later in the day.



In all, nanotechnology's ability to create materials that don't occur naturally in the physical environment promises to be revolutionary rather than evolutionary for commerce.

Key Thoughts

"Nanotechnology has given us the tools to play with the ultimate toy box of nature -- atoms and molecules. Everything is made from it. The possibilities to create new things appear limitless."

-- Horst Stormer, Nobel laureate

"Nanotechnology will require you to rethink radically what your core business is, who your competitors are, what skills your workforce will need, how you train your employees, and how to conduct long-term strategic planning and think about the future. This is not to say that nonotechnology is far-off, fuzzy, futuristic technology. It is not. It has already established a beachhead in the economy. The clothing industry is just now starting to feel the effects of nanotech. Eddie Bauer, for example, is currently using embedded nanoparticles to create stain-repellant khakis. This seemingly simple innovation will impact not only khaki-wearers, but dry cleaners, who will find their business declining; detergent makers, who will find less of their products moving off the shelves; and stain-removal makers, who will experience a sharp decrease in customers. This modest, fairly low-tech application of nanotechnology is just the small tip of a vast iceberg -- an iceberg that threatens to sink even the 'unsinkable' companies."

-- Jack Uldrich and Deb Newberry



纳米科技2　为何对商业如此重要？ 
英文



主要观念

由于纳米科技带来数量惊人的新原料，除了改变产业科技架构，也彻底改变商机的基本性质。简言之，纳米科技会改变大多数、甚至所有产业所谓的标准作业程序。

支持概念

为了完全取得纳米科技提供的优势，许多企业需要与大学院校发展更为巩固的关系。如此一来，便可以避免错失任何可供商业化应用的新材料，并确保事业不会走错了方向。

更具体来说，纳米科技会直接冲击下列六项主要商业领域：


1. 员工报酬和奖励制度


目前，大多数公司都以各个事业单位的成就作为报酬制度的基础，纳米科技跨越各学科的本质，显示这些奖励制度无法鼓励跨越众多传统疆界的新提案；此外，可能还要5～10年，纳米技术才会发展得更好、更普及。在这段发展期间，想要吸引并留住高技术人才，就须实行以创新为基础的报酬制度。相同地，以下表现也需要以新的方式奖励：


	开发纳米科技促成的新市场。

	找出增加现有顾客满意度的新方法。

	建立新的伙伴和团队协议。

	辨识出新顾客或新社会需求。




2. 人才招募和支援


由于纳米科技模糊了各学科间的许多传统区别，企业会需要不同类型的员工。举例来说，相对于硅晶基础系统来说，计算机制造商可能需要雇用生物学家帮忙开发生物科技相关系统，公司现任经理人（可能具有较强的传统学科背景）将难以看出两者间的新关系，以此聘用所需人才。企业也会需要提升现有内部训练计划，让员工具备处理新材料的能力。


3. 评估企业和竞争对手的优势


在纳米科技时代，连评估竞争对手优势这样简单的事，都会变得更具挑战性。企业不能再假设竞争对手会继续采取与自己相同的路线，有必要试验并确定竞争对手可能朝哪种新技术目标迈进。同样地，企业也会忙着决定要如何才能最有效地利用核心优势和能力，进入新开启的市场。要这么做，可能涉及下列几件事：


	引进外部专家并借用专家的关键技术。

	从产业外寻找新构想。

	留意新兴的消费者趋势。

	注意公司的科学家和工程师在做些什么。

	在产品中加入纳米科技成份。

	分析外国竞争对手的动态。

	追踪科技报告中描述详尽的突破性进展。




4. 投资研发工作


传统上，多数企业把绝大部分预算花在“开发”，极小部分用于“研究”，这种情形可能必须有所改变。企业必须参与基础研究，才能引导正在发展的研究。最实际的做法，是通过与拥有最先进纳米技术实验室的当地大学，建立各种伙伴关系。除了参与程度外，企业也必须分配资源，以便持续追踪纳米科技领域的进展。新发展会以很快的速度出现，所以企业必须注意下列几件事：


	现行不同纳米技术的成熟度。

	个别科技的潜在营收冲击。

	竞争对手投资在各类科技的程度。




5. 策略计划


通常，企业会试着投资能在2～5年内带来获利的科技或研究计划，这并不适用于纳米科技，针对这个领域，业者必须更有耐心。一般而言，以纳米科技为基础的产品，必须要等10年以上，才会为公司带进可观收益。企业不只要延长公司的策略计划，也必须规画新的成功基准。纳米科技产品不会像传统产品一样在3年内获利，因此有种解决方法，就是把开发计划拨给分割出去的公司或新创公司，如此，现有公司就能响应华尔街的压力，新公司也可取得创投资金。到最后，新公司将可在营收起飞后取代母公司。


6. 标准程序和教学方法


随着产品结合更多的纳米技术，企业必须施行下列几项改变：

■ 制造程序


必须采用新的或调整过的设备，才有能力适当地处理新材料。

■ 员工训练计划和使用说明


根据多年经验，精心调整和有效施行的训练计划，将不再有效。企业必须具备新的技术，准备特殊的新式训练计划。此外，还需要新的手册和使用说明。

■ 品质控管


由于纳米科技运用到单一的原子和分子，因此会需要更高标准的质量控管。同样地，纳米科技的跨学科本质也代表，当大规模商业生产来临时，企业需要增加新的品管标准会变得非常重要。

关键思维

“毫无疑问地，非纳米企业的荣景仍会继续，但只有少数几家公司完全不受影响，多数仍受到不同程度影响。纳米科技下，企业会成为大熔炉，不只是人类族群的多元化，还包括技术的多元化，所有科学来一次大融合，剧烈地改变你、高阶经理人，及公司的计划与经营。但由于纳米科技仍处于萌芽阶段，没有任何范例显示，怎样才能最适切地结合纳米科技与事业，还有很多企业仍不知道该如何着手进行。”

——欧德瑞奇与纽贝蕊



Nanotechnology 2　Why is it important to business? 
中文



Main Idea

Due to the fact nanotechnology will make available startling new raw materials, it alters the technology fabric of business. It will change the very nature of the opportunities, which are available to be commercially exploited. In short, nanotechnology will change what has become standard operating procedure for most if not all industries.

Supporting Ideas

To take full advantage of what nanotechnology has to offer, many businesses will need to develop stronger relationships with universities. That way, they can avoid missing the boat on any new materials, which become available for commercialization and ensure their business does no head off in a wrong direction.

More specifically, there are six major areas where nanotechnology will impact on businesses:


1. Employee reward and incentive systems


At present, most companies base their reward systems on the success of individual business units. The interdisciplinary nature of nanotechnology means these incentives do not reward new initiatives that cross many of the traditional boundaries. Further, it will probably take five-to ten-years before nanotechnology becomes better developed and understood. Reward systems, which are innovation based, will be needed during the development phase if skilled people are to be attracted and retained. Similarly, new rewards will be needed for those who:


	Explore new markets made possible by nanotechnology.

	Find new ways to increase current customer satisfaction.

	Establish new partnerships and teaming arrangements.

	Recognize a new customer or societal need.




2. Talent recruitment and support


Since nanotechnology will blur so many of the traditional distinctions between disciplines, companies will need different types of employees. For example, a computer manufacturer may need to hire a biologist to help develop biological-related systems as opposed to silicon-based systems. It will be difficult for the existing managers of the business (who may have a strong background in a more traditional discipline) to see these new correlations and hire accordingly. Companies will also need to upgrade their internal training programs to equip their people to handle the new materials, which become available.


3. Assessment of corporate and competitor strengths


Even something as simple as assessing your competitor's strengths will become more challenging in the nanotechnology era. Instead of simply assuming a competitor will continue down the same path as you, it will become necessary to try and determine what new technical directions they may be heading. Similarly, you will also be busy trying to determine how best to leverage your core strengths and competencies into the new markets, which open up. That may involve:


	Bringing in outside experts and using their know-how.

	Looking outside your industry for new ideas.

	Noticing emerging consumer trends.

	Noting what your scientists and engineers are doing.

	Adding nanotechnology elements to your products.

	Analyzing what foreign competitors are doing.

	Tracking the technical papers detailing breakthroughs.




4. Research and development investment


Historically, most companies have spent the bulk of their budget on "development" and very little on "research." That may need to change. Corporations will need to participate in the basic research in order to be able to shape what is being developed. Most practically, this will be achieved through various partnerships with local universities, which have state-of-the-art nanotechnology labs. Beyond that level of participation, organizations will also have to allocate resources to staying abreast with what is happening in the nanotechnology world. New developments will be coming at a fast rate, and someone needs to take note of:


	The current maturity of the various nanotechnologies.

	The potential revenue impact of each technology.

	The level of investment your competitors make in each.




5. Strategic planning


Usually, companies try and invest in technologies or projects that will generate a return in the next two-to five-years. This won't be feasible with nanotechnology, where companies will need to be more patient. Typically, it will be ten-years before nanotechnology based products are ready to generate sizable revenue streams. Not only will businesses have to lengthen their strategic planning focus, they will also need to develop new metrics of success. Nanotech products won't be profitable in three-years like conventional products. One solution may be to spin-off the development projects into separate companies or start-ups. That way, the existing company can respond to Wall Street's pressures while the new company accesses venture capital. Eventually, the new company can then take over the parent company once its revenues take off.


6. Standard processes and methodologies


As products incorporate more and more nanotechnology, modification will be needed to:

■ Manufacturing processes.


New or modified equipment will be needed which will enable the new materials to be handled appropriately.

■ Staff training programs and documentation.


Training programs that have been fine-tuned and optimized over many years of experience will no longer be relevant. New skills will need to be acquired, and specific new training programs prepared. In addition, new manuals and documentation will be required.

■ Quality control.


Since nanotechnology works with individual atoms and molecules, a much enhanced type of quality control process will be needed. Similarly, the cross-disciplinary nature of nanotechnology means new dimensions of quality control will need to be added. This will become very important when large-scale manufacturing commences.

Key Thoughts

"Certainly, non-nano companies will continue to flourish. However, few companies will be left totally untouched, and the effects are many. Corporations will become a melting pot not only of racial diversity but also of technical diversity, bringing together all aspects of the sciences. Nanotechnology will radically change how you, the executive, plan and run your business. Because nanotechnology is still in its infancy, however, there aren't any paradigms for how best to incorporate it into business. Many corporations are at a loss as to how to proceed."

-- Jack Uldrich and Deb Newberry



纳米科技3　目前有哪些投资者？ 
英文



主要观念

世界上每个主要国家和许多大型企业都在投资纳米科技。单就美国政府而言，投资在纳米科技的金额，已从2000年的4.22亿美元，增加到2003年的7.1亿美元。大型企业的投资则是政府机关的二倍，创投业者也在加快对纳米科技的投资。

支持概念


政府机关


以下为目前投资于纳米科技的几个主要国家：


	7.10亿美元（单就2003年）——美国

	4.65亿美元/年——日本

	2亿美元/年——南韩

	2亿美元/年（估计）——中国大陆

	1.2亿美元/年——加拿大

	1.1亿美元/年——台湾

	1亿美元/年——以色列

	5, 000万美元/年——澳洲



如同许多新兴科技，这些花费一开始大都用在军事应用上，像是能监控健康状况和解除化学武器毒性的军服材料等。部分国家的政府机关也为了开创未来经济发展机会，而投资纳米科技。

美国联邦政府在2001年选定6个卓越的纳米科技中心，每个中心分别获得1, 200万美元基金，以下为这6个中心：


	哥伦比亚大学

	康乃尔大学

	哈佛大学

	西北大学

	壬色列理工学院

	瑞斯大学



此外，美国政府也扮演许多纳米科技衍生材料的唯一买主，供美国太空总署使用及其他应用。借由这种方式培育市场，可望降低价格，让每个人都更容易取得这些材料。

关键思维

“不论学术界或是产业界，整个研究界普遍体认，下一世纪将由纳米科技发展来主导，就如同『微技术』主导了过去四分之一个世纪一样。”

——华盛顿大学纳米科技中心主任　查尔斯·坎贝尔

“纳米科技的整体社会冲击预期会比硅晶大得多，因为纳米科技的应用领域远超过电子学。”

——2000年美国国家科学与科技委员会报告


大型企业


许多公司都不愿透露太多相关讯息，唯独惠普公司已公开声明，该公司绝大部分的长期研发支出都用在纳米科技。IBM、朗讯、礼来、默克、葛兰素史克、亚培大药厂、杜邦、陶氏化工、奇异、霍尼威尔、摩托罗拉、埃克森石油、升阳系统、英特尔、应用材料、雷神、伊士曼柯达、3M、德州仪器、古立德航空货运系统公司、全录、康宁、洛克威尔科学公司、洛克希德马丁动力公司等企业，都积极投入纳米领域。

若干全球性公司，如BASF（全球最大化工公司）、西门子、汉克化学公司、赫司特生化公司、德固赛化学药剂生产商和三星，也已经宣布投资纳米科技。戴姆勒克赖斯勒、福斯、丰田和通用汽车于2001年宣布，开始使用重量轻、抗刮且防锈的纳米汽车零件。在日本，日立、富士通、东丽工业、三菱、三井和朝日玻璃公司都宣布，投资数千万美元在纳米研究机构和开发计划。

以下三家公司是目前提供纳米微粒商业化应用的公司：


	Nanophase Corporation（生产纳米材料、机械）

	Altair Nanotechnologies

	威科仪器公司（半导体生产设备制造商）




创投业者


全世界几乎每天都会有几家纳米科技新创公司成立，目前部分大型创投公司投资于纳米科技领域的比例，就高达40%。纳米商业联盟估计，到2003年年底，创投业者投资于纳米科技的金额会有12亿美元，比1999年的1亿美元成长了12倍。

更有趣的是，有几家公司也正准备提供1亿美元基金，投资刚成立的纳米科技公司，这些公司包括雪佛龙石油公司、汉克化学公司、BASF、奇异、陶氏化工、三菱和三井。

要追踪纳米领域的发展，推荐一个可利用的网站www.smalltimes.com
 ；此外，美林公司曾发表一份名为《下一个小东西：纳米科技简介》的6页报告。

截至目前为止，以下为已接受创投业者资助的公司：


	Arryx——开发一种用雷射控制数千个微细对象的新科技。

	Carbon Nanotechnologies——生产纳米碳管（该公司为瑞斯大学研究员创办的，近来一直为IBM生产纳米碳管）。

	Molecular Imprints——超高分辨率平版印刷工具。

	Nanomuscle——以纳米科技成形的记忆合金，能在不同的状况下改变。

	Nanosphere——临床诊断系统和纳米微粒探测设备。〔Nanosphere Technologies 由Dr. Richard Siegel于1989年创办，该公司运用Physical Vapor Synthesis（PVS）制程量产纳米级粉体材料。〕

	Nanosys——纳米电缆、纳米传感器和混合塑料太阳能电池的制造技术。

	Nantero——建造一种高密度、安定的随机存取内存，速度快于现有科技。

	Quantum Dot Corporation——一种纳米结晶体，能提供药物研究员更好的药物测试能力。

	Zyvex Corporation——开发未来纳米科技研究所需要的纳米等级设备。

	ZettaCore——为微电子产业开发超密集、低功率的分子记忆芯片。

	Ntera——制造“纸张质量”的显示器。



关键思维

“在政府机关、大企业和创投公司投入数十亿美元到纳米科技的结果，及科学家、研究人员及创业者获得的『血汗股权』中，证明了这项科学是真实的，近期的商业应用也是真的，还有这项事业的前景是一片光明。”

——欧德瑞奇与纽贝蕊



Nanotechnology 3　Who's currently investing in it? 
中文



Main Idea

Every major government in the world and many large corporations are investing billions in nanotechnology. The U.S. Government alone has increased nanotechnology funding from $422 million in 2000 to $710 million in 2003. Major corporations are outspending the government by a ratio of 2-to-1. Venture capitalists are also increasing their investments rapidly.

Supporting Ideas


The Government


The major governments which are currently investing in nanotechnology are:


	$710 million (in 2003 alone) -- The United States of America

	$465 million/year -- Japan

	$200 million/year -- South Korea

	$200 million/year (estimated) -- China

	$120 million/year -- Canada

	$110 million/year -- Taiwan

	$100 million/year -- Israel

	$50 million/year -- Australia



As for many new technologies, much of this expenditure is on military applications at first -- materials for uniforms that will monitor health and detoxify chemical agents and so forth. A number of state governments are also investing in nanotechnology to create future economic development opportunities.

The U. S. federal government designated six centers of excellence in nanotechnology in 2001, each of which received $12 million in funding:


	Columbia University

	Cornell University

	Harvard University

	Northwestern University

	Rensselaer Polytechnic Institute

	Rice University



In addition, the government is acting as the sole purchaser for many nanotechnology derived materials for use in NASA and other applications. By seeding the market in this way, prices will be reduced making the materials more accessible for everyone.

Key Thoughts

"It is widely recognized throughout the research community, both in academia and industry, that the next century will be dominated by developments in nanotechnology just as the past quarter of a century has been dominated by microtechnology."

-- Charles Campbell, codirector The University of Washington Center for Nanotechnology

"The total societal impact of nanotechnology is expected to be much greater than silicon because it is applicable in many more fields than electronics."

-- National Science and Technology Council report (2000)


Big Business


Many companies are reluctant to show their hands too much, but Hewlett-Packard has publicly stated the majority of its long-range R&D expenditure is allocated to nanotechnology. IBM, Lucent, Eli Lilly, Merck, Glaxo Smith Kline, Abbott Laboratories, DuPont, Dow, GE, Honeywell, Motorola, Exxon, Sun Microsystems, Intel, Applied Materials, Raytheon, Eastman Kodak, 3M, Texas Instruments, Goodrich, Xerox, Corning, Rockwell Scientific, Lockheed Martin are also active in this area.

A number of global companies such as BASF, Siemens, Henkel-Chemie, Hoechst, Degussa and Samsung have also announced their involvement in nanotechnology. Daimler-Chrysler, Volkswagen, Toyota and General Motors announced in 2001 they were starting to equip their cars with nanocomposites that are lightweight, scratch-resistant and rust-proof. In Japan, Hitachi, Fujitsu, Toray Industries, Mitsubishi, Mitsui and Ashai Glass Company have all announced multi-million-dollar investments in nanotechnology research facilities and development projects.

Three companies are currently supplying nanoparticles for commercial applications:


	Nanophase Corporation.

	Altair Nanotechnologies

	Veeco Instruments




Venture Capital


Around the world, nanotechnology start-ups are springing up almost daily. Some major venture capital firms now report 40-percent of their investments are in the nanotechnology field. The Nano Business Alliance estimates venture capitalists will invest $1.2 billion in nanotechnology by the end of 2003, up 1, 200-percent from the $100 million invested in 1999.

Interestingly, a number of corporations are also in the process of launching $100 million funds to invest in early-stage nanotechnology companies. These include Chevron, Henkel, BASF, General Electric, Dow, Mitsubishi and Mitsui.

A good Web site for tracking the developments in this field is www.smalltimes.com
 . In addition, Merrill Lynch has produced a six-page report titled "The Next Small Thing: An Introduction to Nanotechnology."

Companies which have been funded by venture capitalists to date include:


	Arryx -- developing a new technology which manipulates thousands of tiny objects with lasers.

	Carbon Nanotechnologies -- producing carbon nanotubes.

	Molecular Imprints -- super high resolution lithography tools.

	Nanomuscle -- nanotechnology-enabled shape memory alloys which change shape under different conditions.

	Nanosphere -- clinical diagnostic system and a nanoparticle array probe.

	Nanosys -- manufacturing technologies for nanowires, nanosensors and hybrid plastic solar cells.

	Nantero -- building a high-density nonvolatile random access memory which is faster than existing technology.

	Quantum Dot Corporation -- nanocrystals which will provide pharmaceutical researchers the ability to test drugs better.

	Zyvex Corporation -- developers of nanoscale equipment needed for future nanotech research.

	ZettaCore -- developing ultradense low-power molecular memory chips for the microelectronics industry.

	Ntera -- manufacturing "paper-quality" displays.



Key Thoughts

"The result of these billions of dollars that government, big businesses, and venture-capital firms are pouring into nanotechnology, as well as the 'sweat equity' of the scientists, researchers, and entrepreneurs, is confirmation that the science is real, the near-term business applications are real, and the business prospects are bright."

-- Jack Uldrich and Deb Newberry



纳米科技4　纳米科技当前的进展？ 
英文



主要观念

纳米科技早已开始改变许多产业面貌，其中有不少是一般的传统产业，例如塑料地板、窗户、涂料、镜子、钻头、润滑油、打印机及其他产品。某些公司已经开始尝试，把纳米科技应用在实体世界，建立竞争优势。

支持概念

纳米科技已经开始在许多产业建立稳固的立足点，以下为一些案例：


	IBM预定在2003年底宣布一项Millipede技术，这是一种新的计算机数据储存设备，利用纳米技术增加计算机内存的储存空间，容量比2002年初市面上的同类型产品高出40倍。这项技术会让知识工作者（如律师或医生），能够利用桌面计算机或个人数字助理（PDA），进入大型信息图书馆。（从1988年开始，数据储存单价可望从每兆位的11.54美元，降至每千兆位不到1美分。）

	2002年，应用材料公司展示了一台14吋“碳奈管”电视机，这意味着不用太久，只要几块钱的纳米碳管将可取代阴极线管电视。这种新电视更明亮、更薄、更轻、更省电，且售价只有传统电视的一小部分。

（编注：碳奈管是目前材料领域最受瞩目的，这是个直径1～30纳米的圆筒型碳材料，粗细不超过头发的1万分之1，可以说是自然界中最细的管子。具热传导性、导电性、强度佳且轻柔等特性。由于应用范围广，可用来制造电子装置、薄型显示器、燃料电池等。目前碳奈管已进入试用阶段，由于相当细，只需低电压就可轻易释放电子，也不必像传统电子枪一样需要受热，只要把碳奈管搀入涂在机板上的涂料中，将许多微米大小的超小型布朗管以2维方式排列，即可制造出薄型、省电的大型面板。）

	Nanophase Technologie公司已经推出一种纳米微粒制成的塑料地板涂料，保证永久防裂、防刮，还有类似大理石光泽的外漆。（同样的科技还可用在屋顶材料、柜台桌面和许多其他产品。）

	Cerax Nanowax正在制造一种用于滑雪屐和滑雪板的纳米微粒涂料，这种涂料能防水同时还能增加速度和操控性。在奥运、NASCAR大赛、环法自由车大赛和美国杯等运动赛事，是相当有用的。

	德国公司Nanogate，把纳米微粒用在水槽和马桶上，创造防刮和抗污的效果。

	Sunyx、Pikington和PPG工业已经开发出一种材料，让泥土、水滴无法黏附在窗户表层，该公司会以“抗污”作产品营销重心。

	美国空军正在开发一种纳米润滑油，能在超出传统润滑油许多的超高温中运作。美国海军则在开发抗锈及降低阻力的纳米微粒涂料，以减少燃料和维修需求。如果成功的话，预估这种涂料会增加燃料效率达10%。目前美国海军每天花费7.5万美元购买一艘传统航空母舰所需燃料，因此未来还有很大的节省空间。此外，全球贸易大约有98%（每年45亿公吨）是利用海上运输，这样海运成本便可降低10%，其连带影响会是相当惊人且影响深远。据估计，腐蚀作用造成美国企业每年1, 000亿美元的成本。

	杜邦以一种新的纳米微粒作为精制制程的催化剂，单在2001年就省下2, 600万美元。

	日本Toto公司正在销售表面涂有二氧化钛的建筑磁砖，永远不需要年度清洗或重新粉刷。另一家日本公司Nippon运用相同材料在高级房车的镜子表层，达到防雾效果。香港研究员把氧化钛置入混凝土以对抗空气污染，去除主要城市上空的亚硝酸。

	欧莱雅和兰寇把纳米微粒用在乳液和护发剂里，控制保养品渗透和去除泥土及油垢的效果，让保养品能滋润皮肤或头发的正确部位。

	Technanogy公司生产的铝纳米微粒，作为航天飞机的燃料添加物，可使燃烧率提高30倍，有助于降低发射器上太空的成本。

	Nano-Tex LLC（柏林顿工业旗下的单位）提供Lee Jeans和艾迪·鲍尔等服饰公司抗污渍布料，这种材料也能用在地毯、家具和窗帘。

	Nanomuscle正与Hasbro合作推出一种通电后能利用数百万个“纳米肌肉”（一种微型驱动马达）产生动作的新玩具。“纳米肌肉”是种含有水晶、体积超小的仪器，能改变形状，取代小型马达。这项科技的重要性远超过玩具市场的应用，因为一般家庭（从冰箱到计算机等用品）平均有50个小型驱动马达，一辆汽车内部平均超过100个小型马达。“纳米肌肉”有可能完全取代这些马达。

	Nancor（美国Amcol公司的子公司）正在销售一种用于包装的纳米材料，可抗拒湿气、化学气体、瓦斯和溶剂。这项材料也能融于汽车零件、外箱、工具和玩具，创造惊人利益。重要的是，这种原料能直接在现有制造的设备中。

	InMat是家制造纳米合成材料的公司，这种材料能让网球保持达两倍距离的弹力。

	Nanodyne利用纳米结构的碳化钨制造超坚硬的钻头，这些钻头的强硬度是其他钻头的两倍，因此使用寿命加长许多。

	以色列的Nanopower公司，卖给美国太空总署一种纳米级粉末，置入合成聚合物后，能让塑料物质（较轻）具有和金属依样的防辐射特性。最初这种材料可让航天飞机变得比较轻，降低发射成本。后来波音和空中巴士使用同样的材料制造下一代更省油的飞机，接下来还会用在积架或凌志等高级房车上，最后普及到各种价格的汽车。单单这种纳米材料的市场，预计可在2011年达到3, 400亿美元。



关键思维

“事实是，纳米科技已经存在，未来只会更加明确。如果一家历史悠久、信誉卓著的企业如IBM，都能为一项新科技甘冒巨大风险，你也能吗？更重要的是，你能承担不这么做的后果吗？”

——欧德瑞奇与纽贝蕊



Nanotechnology 4　Where is nanotechnology at today? 
中文



Main Idea

Nanotechnology is already starting to change the face of a number of industries, many of them quite ordinary -- vinyl flooring, windows, coatings, mirrors, drill bits, lubricants, printers and others. Some companies are already starting to try and build a competitive advantage on the practical real-world applications of nanotechnology.

Supporting Ideas

Nanotechnology is already starting to establish a foothold in many industries. For example:


	IBM is scheduled to announce its Millipede technology in late 2003. This is a new data storage device for computers which uses nanotechnology to increase the storage capacity of computer memory forty-fold over comparable devices available in early-2002. This will make it feasible for knowledge-based workers (like doctors or lawyers) to access huge libraries of information on their laptop computers or personal digital assistants. (Since 1988, the price of storing information will have fallen from $11.54 per megabyte to less than 1-cent per gigabyte) .

	In 2002, Applied Nanotech showed a fourteen inch TV made from carbon nanotubes. The implication is that soon, just a few dollars of carbon nanotubes will be able to replace cathode-ray TVs. The new TVs will be brighter, thinner, lighter and use less energy and will be sold for a fraction of the price of conventional TVs.

	Nanophase Technologies Corporation has introduced vinyl flooring coated with nanoparticles that has a lifetime guarantee against rips and scratches. It also has a high gloss finish resembling marble. (And this same technology can be applied to roofing shingles, tabletop counters and a host of other products) .

	Cerax Nanowax is manufacturing a nano-particle coating for skis and snowboards, which is water-repellant while at the same time increasing speed and control. This will be very useful in the Olympics, NASCAR, the Tour de France and the America's Cup as well.

	Nanogate, a German company, uses nanoparticles in sinks and toilets to make them scratch-resistant and stain-proof.

	SuNyx, Pilkington and PPG Industries have developed a material, which coats windows and which will not let dirt or water adhere to them. They will market this as a self-cleaning window.

	The U. S. Air Force is developing nanolubricants, which can operate at substantially higher temperatures than conventional lubricants. The U. S. Navy is developing nanoparticle coatings, which resist rust and reduce drag, thereby reducing fuel and maintenance requirements. If successful, it is projected the coating will increase fuel efficiency by 10-percent. The Navy currently spends $75, 000 a day to power a conventional aircraft carrier, so the potential savings could be significant. In addition, around 98-percent of world trade (4.5 billion metric tons a year) is carried by sea. The flow-on effects of a 10-percent reduction in shipping costs would be impressive and far reaching. Corrosion is estimated to cost U. S. businesses $100 billion annually.

	DuPont used a new nanoparticle as a catalyst in one of its refining processes and saved $26 million in 2001 alone.

	Toto Ltd. (of Japan) is marketing titanium dioxide coated building tiles, which will never require annual washing or repainting. Another Japanese company Nippon is coating mirrors on high-end automobiles with the same material making them antifogging. Researchers in Hong Kong are embedding titanium oxide in concrete as a way to fight air pollution by removing all the nitrous oxide, which hangs around in major cities.

	L'Oreal and Lancome are using nanoparticles in skin creams and hair conditioners which control how deeply the creams penetrate to remove dirt and oil, moisturizing skin or hair to precise specifications.

	Technology is producing a nano-aluminum particle which, when used as a fuel additive for the space shuttle, generates a thirty-fold increase in the combustion rate. This will help lower the cost of launching material into space.

	Nano-Tex LLC (a unit of Burlington lndustries) is supplying Lee Jeans and Eddie Bauer with clothing materials that resist stains. This same material might also be used for carpets, furniture and window coverings.

	Nanomuscle is collaborating with Hasbro to introduce a new toy, which uses millions of "nanomuscles" to create motion when applied with an electrical current. The nanomuscles are micron-sized devices, which incorporate a crystal that can change shape, replacing small motors. The significance of this technology extends well beyond the toy market because the average home already has about fifty small motors powering everything from refrigerators to home computers. The average car has more than one hundred small motors designed into it. Nanomuscles can potentially replace all these motors.

	Nancor (a subsidiary of Amcol) is now selling a nanomaterial, which can be used as a packaging that is resistant to moisture, chemical vapors, gases and solvents. This material can also be molded into car parts, casings, tools and toys with impressive benefits. And, importantly, the raw material can be used by existing manufacturing equipment.

	InMat LLC is producing a nanocomposite, which allows tennis balls to keep their proper bounce for twice as long.

	Nanodyne produces super strong drill bits manufactured from nanostructured tungsten carbide. These drill bits are twice as hard as other drill bits and therefore last much longer.

	Nanopowder, an Israeli company, is selling NASA a nanoscale powder which, when embedded in a polymer composite gives plastics material (which is lighter) the same radiation-shielding properties of much heavier metals. Initially, this will make the space shuttle lighter, reducing launch costs. Later, Boeing and Airbus will use this same material to make next generation planes, which are more fuel efficient. This will then filter down to high-end automobiles like Jaguar or Lexus, and ultimately into other cars at all price points. The market for nanomaterials alone is projected to reach $340 billion by 2011.



Key Thoughts

"The bottom line is that nanotechnology is here today, and it is only going to become more pronounced in the future. If an old, well-established company like IBM can risk a huge portion of its business on a new technology, can you? More important, can you afford not to?"

-- Jack Uldrich and Deb Newberry



纳米科技5　未来有什么可预见的发展？ 
英文



主要观念

未来几年内，可预见的纳米科技突破，分别如下：


2004年和2005年


随着新设备和新知识扩展到市场上愈来愈多活跃的企业后，纳米技术会变得更快、更小、更便宜且更好。


2006年到2008年


大量的纳米科技产品会开始涌进市场，这些技术上的革新将改变经济面貌，冲击半导体、出版、广告、食品和服装等产业，影响之大，会造成这些产业永久的转变。


2009年到2013年


纳米科技会掌控整个经济。全球大部分（90%或更高）经济附加价值的商业活动，会以纳米科技产品为中心，并整合所有纳米技术产品。


2013年以后


随着不断发现的纳米科技新用途，世界将变得更小、更聪明。不久前还被视为科幻小说内容的奇想，都会成真。

支持概念


2004年和2005年


在2004年和2005年，纳米科技产品的基础设备会更佳完备，有更多公司会投资产品所需的工具，以下是这两年重要的商业化发展：


	由于更加了解各种疾病作用的方式，将会有庞大数量的新药上市。

	会提升早期侦测疾病的能力，这表示将出现更好的治疗，进而提高整体人口的健康水平。

	纳米传感器将广泛用在侦测民众群集地、水源保护区等地方的毒物。

	可实现纳米药物的纳米仪器，将对糖尿病、骨质疏松、爱滋、气喘和癌症等疾病的治疗产生巨大冲击，病患将开始采取有用的预防措施，而不仅是等到这些健康问题严重爆发时才处理。

	燃料电池将开始超越交通工具内燃引擎的发展程度（经由使用纳米薄膜材料），能产生房屋和商业建筑所需电力的燃料电池愈来愈普及，燃料电池科技也将为行动电子仪器提供效用更大的电池。

	能清除空气污染的下一代纳米滤材将上市。

	纳米尺寸的镜片和滤光器将加入光纤电缆内，大幅提升其效率，使得全球都能享受大规模的高速宽带通讯。




2006年到2008年


这几年内，将有庞大数量的纳米科技产品进入市面，毫无疑问这些产品将会改变整个经济环境。例如：


	速度超越硅基计算机处理器许多倍的超级芯片将问世，这些芯片将用在功能更强的手机上，提升记忆储存装置和高效率光纤通讯网络，把无线通信装置加入任何仪器或用品中，让这些产品变得更聪明，在经济上也更行得通。

	塑料半导体将出现。这些东西将进一步创造电子纸张（能够无线更新每日报纸或杂志的内容）、电子告示牌（能够瞬间改变）、智能型家用设备和更多产品。

	奈碳管和纳米电缆将开始用在构建计算机，大幅增加处理功率，使计算机应用能力超越现状——长程天气预测、生态系统仿真、搜寻大型数据库、声音辨识都能进行，并且消除许多现存缺乏效率的情况。举例来说，农夫若能确切知道即将降雨，就能延后灌溉计划。

	所有新“精品”材料的问世，例如，专为那些在高危险环境工作的专业人员，或担心遭受恐怖攻击的高层人士所开发的质轻、无法穿透的服装材料。或是，新的软式小型飞船，能比现在更有效率地载运货物。由于发射较轻的载具上太空变得较容易，将可降低卫星的成本，增加卫星数据传输运用。营建业也会使用这些纳米材料，建造能够抵挡地震和强风的桥梁，或能够改变颜色，在夏季反射热气、在冬季留住温度的住宅。

	纳米微粒或许能用在清洁环境，和降低水源及其他地区的毒素，甚至可以用来包覆辐射性废物的外表，消除对环境的影响。

	纳米尺寸的药物注射器可以植入老年人或患者体内，在最适当的时间释出正确的剂量，进而提高疗效。类似的装置也可能用来提供维他命和其他饮食补充剂，增加身体免疫力或补充饮食限制。



关键思维

“这些发展有些或许听似荒诞古怪或不切实际，但每一项科技现在都在开发当中。事实上，这些科技新品距离问世的时间只有3～5年，这表示你必须立刻将这些发展纳入长期计划中。”

——欧德瑞奇与纽贝蕊

“很难想象有任何产业不会受到纳米科技的影响。”

——朗讯科技MEMS研究主任　戴维·比夏


2009年到2013年


到2009年，许多科学会有进一步的发展，因为研究人员已经使用纳米科技工具多年了。物质在纳米等级的运作有更广泛了解，结果促成许多疾病的疗方（甚至解药）出现。所有较普遍的医疗问题将成为可控制和可治疗的，甚至可能开发出毒品或烟瘾的治疗方式。至少，监测各种疾病早期症状的纳米传感器，有彻底革新整个保健产业的潜力。

能立即发现疾病的家庭自我检测也会出现。这些使用极小的纳米感应检测器，可放在牙刷里，或无痛地植入手臂，病患获得自我诊断和治疗的所有必要工具，无需医师介入。但保健并非纳米传感器的唯一用途，任何有价值的东西都可嵌入纳米传感器，达到追踪和安全的目的。就连在田野中生长的农作物也适用这些传感器，如此农夫便可决定何时最适合收割。同样地，具备纳米传感器的汽车，能精确追踪污染的排气。

农业专家将使用纳米科技，更详尽地了解植物基因学，进而培育出需水量较少，或能在不毛之地上丰收的农作物。这将对世界人口产生重大的后续效应，更大量的食物供给将拉低价格，更多农作物能在邻近的地点生长，将大幅降低运输成本，甚至可能将许多疾病的疫苗直接加入农作物内，补救那些没有免疫力的人。

纳米科技也会大幅提升太阳能技术，新的纳米材料和装置，有可能将太阳能电池现有的35%效能，提升到50%。在这个程度，太阳能将成为一项可用的能源来源，甚至在那些终年阴雨的城市。当这新进展与先进的燃料电池结合后，人们将不再需要连结大型、集中式的电力网络。住家、办公室甚至汽车，都将成为能源制造者而非能源消费者，这些惊人地逆转会改变人们目前付费购买能源供给的模式。

关键思维

“国家科学基金会资深纳米科技顾问麦克·洛可预测，在10年内，以纳米科技为基础的照明技术发展，有可能减少全球能源消费达10%，相当于节省了1, 000亿美元以上的支出，并减少2亿吨的二氧化碳排放。这是有可能的，因为许多公司和研究员都正在开发纳米科技的潜力。”

——欧德瑞奇与纽贝蕊

“纳米构造象征革命性新时代的开始，展现我们为全人类福祉运用物质的能力。”

——世界科技评估中心，纳米结构科学与科技报告


2013年以后


“到2013年，一般民众和企业都可能拥有自我修复的材料、涂抹在屋顶上的太阳能电池、自动驾驶的汽车、自行生长的心脏、无限的清洁用水，甚至一种逆转老化的程序。这些主张都是根据可信的科学，并且有可能实现。”

——欧德瑞奇与纽贝蕊

十几年来对纳米科技的应用，促使这项科技进一步向外拓展：


	采用纳米传感器的新材料将出现，能源来源将可自我恢复。除了用在航天飞机等特殊应用上，这些材料也能用在汽车、桥梁、建筑、窗户和服装等更广泛的应用。

	把纳米尺寸的太阳能电池置入涂料内的可能性相当的高，使得建筑物能够吸收所需的太阳辐射能源。微型化也会促成容错计算机出现，取代人力驾驶飞机、开车或外层空间探测船的操作。

	大多数人类最后会因同型式的器官衰竭而死亡，纳米科技让人类的所有器官都能自行再生，这对于平均寿命将有深远的影响，迅速增加百岁以上人类的数量。纳米医学也或许能使老化过程暂停甚至逆转，其他可能的进展包括先进的染色体替换、阿兹海默症病患的神经元压缩，或脊椎神经受伤和人工红血球细胞等治疗。

	在2015年到2020年之间，以纳米电子为基础的计算机运算能力，有可能接近人类的脑容量，这将使得精密复杂的虚拟学习、先进的产品出售，或网络实时示范及其他更多功能得以实现。目前以知识为基础的活动（如分析和选股）将转移到机器上，事实上，大多数知识工作者必须改变为客户提供价值的方式。

	目前生活在第三世界水平的一大部分全球人口，在未来15年到20年间，将能够适当地取得所有需要的能源、教育和健康照顾。这将如何改变全球政治情势仍属未知，但毫无疑问的，将会拉近穷国和富国之间的差距。

	纳米科技的“圣杯”是建造一个自我装配器——一种将未加工的原子物质变成任何想要物品的装置，如一辆法拉利跑车或一份菲利牛排。虽然这项构想的背后有某些严肃的科学，（更多信息请参考网站www.foresight.org
 ），也有一些技术性挑战，使得这种装置难以实现。举例来说，结合或分裂原子都需要相当大的能源，除此再加上其他问题，使得有用的自我装配器不太可能成真，但目前仍有若干组织正投入庞大的资金开发自我装配器。





Nanotechnology 5　What s in the pipeline for the future? 
中文



Main Idea

Over the next the few years, projected nanotechnology breakthroughs will be:


2004 and 2005


Nanotechnology will become faster, smaller, cheaper and better as new equipment and new knowledge expands the number of companies who will be able to be active in this field.


2006～2008


An avalanche of nanotechnology products will start coming to market. These technological innovations will transform the economic landscape and hit the semiconductor, publishing, advertising, food and clothing industries with such impact they will be permanently transformed.


2009～2013


Nanotechnology will take control of the economy. The majority (90-percent or more) of the world's economic value-added commercial activities will become centered around and integrate nanotech products.


2013 and beyond


The world will become smaller and smarter as new uses will be found for nanotechnology that would have been in the realm of science fiction just a few short years ago.

Supporting Ideas


2004 and 2005


In 2004 and 2005, the infrastructure of nanotechnology products will become better established, and many more companies will invest in the tools they need to develop their own products. The key commercial developments of these two years will be:


	A large number of new drugs will come to the market which take advantage of a better understanding of how a variety of diseases work.

	Our ability to detect diseases early will be enhanced, meaning better treatments will become available, thereby raising the health levels of the general population.

	Nanosensors will be employed widely to detect the presence of toxins wherever people assemble in large groups, or at water reservoirs and such like.

	Nanodevices, which can deliver nanodrugs, will have a great impact on the treatment of diabetes, osteoporosis, AIDS, asthma and hopefully cancer. Patients will start taking worthwhile preventative measures rather than waiting for these health problems to emerge fully developed.

	Fuel cells will reach such a level of development (through the use of nanomaterial membranes) that they will start superceding the internal combustion engine for transportation. Fuel cells, which can generate the electricity, needs for houses and commercial buildings will also become widely available. Fuel cell technology will also provide more powerful batteries for mobile electronic devices.

	Next-generation nanofilters, which clean up air pollution, will become available.

	Nano-sized lenses and filters will become integrated into fiber optic cables greatly enhancing their efficiency, making large scale high bandwidth communications available worldwide.




2006～2008


These few years will see a literal avalanche of nanotechnology products coming into the marketplace. Quite simply, these products will transform the entire economy. For example:


	Super chips will become available which are many times more powerful than silicon-based computer processors. These will be used in more powerful cell phones, enhanced memory storage devices and high-efficiency optical communication networks. It will become economically feasible to add wireless communication devices to any device or appliance allowing each to become smarter.

	Plastic semiconductors will come to the market. These will make possible electronic paper (which can be updated wirelessly to replace the daily newspaper or magazines), electronic billboards (which can be changed instantly), smart appliances (which can order refills as required) and more.

	Carbon nanotubes and nanowires will start to be used in the construction of computers greatly increasing processing power. This will allow applications which are currently beyond the ability of computers -- long-range weather forecasting, ecosystem modeling, searching of large databases, voice recognition -- to be undertaken. This will remove much inefficiency, which currently exist. For example, farmers will defer their irrigation programs if they know definitively rain is imminent.

	Entirely new "boutique" materials will be brought to market. For example, specialist clothing material can be developed which is lightweight yet impenetrable for those working in high-risk situations or even executives who fear terrorist attack. Or new blimps may be developed from these materials, which will be able to move cargo from one location to another far more efficiently than is possible at present. As it becomes easier to launch a lighter vehicle into space, the cost of satellites will fall, increasing their use to transmit data. These nanomaterials will also be used in construction to build bridges that can withstand earthquakes and high winds or houses that change color to reflect heat in the summer and retain heat in the winter.

	Nanoparticles may be used to clean up the environment and reduce toxins in water supplies and elsewhere. They may even be able to be used to coat radioactive waste materials eliminating their environmental impact.

	Nano-sized drug dispensers could be able to be implanted into the elderly or the sick, dispensing the right dosage of drugs at the optimum times, thereby enhancing the healing process. Similar devices may deliver vitamins and other diet supplements, increasing the body's preventative health capacities or offsetting dietary restrictions.



Key Thoughts

"As futuristic and as fantastic as some of these developments sound, the technology for each is being developed now. The fact they are only three to five years away from the marketplace means that they must be incorporated in your long-range planning today."

-- Jack Uldrich and Deb Newberry

"It's hard to think of any industry that isn't going to be disrupted by nanotechnology."

-- David Bishop, director of MEMS research, Lucent Technologies


2009～2013


By 2009, much science will be further advanced because researchers will have had the use of nanotechnology tools for a number of years. This broader understanding of how things actually work at the nanoscale level will mean that treatments (and possible even cures) for many ailments will be on the market. All the more prevalent medical problems will be manageable and treatable. It may even become possible for treatments to be developed for drug or tobacco addiction. At the very least, the availability of nanosensors to detect the early onset of various diseases has the potential to revolutionize the entire health-care industry.

Home-based tests will also be available which will screen for thousands of diseases on the spot. These tests will use tiny nanosensors embedded in toothbrushes or painlessly inserted into an arm. Patients will have all the tools they need to diagnose and treat themselves without the intervention of a doctor. But nanosensors won't be used solely for health care. Anything of value will have nanosensors embedded, both to track use and for security purposes. Even crops growing in the fields will be fitted with sensors so farmers will be able to determine when the optimum time for harvesting the crop has arrived. Similarly, cars will have nanosensors so pollution emissions can be tracked with pinpoint accuracy.

Agricultural specialists will use nanotechnology to understand plant genetics in more detail. That will allow them to grow crops that require less water or that can flourish in barren conditions. This will have major flow-on effects for the world's population. A greater food supply will drive down prices, and the fact more crops will be able to be grown nearby will significantly lower transportation costs. It may even be possible to incorporate the vaccines for many diseases right into the crops thereby catching those who miss being immunized in other ways.

Nanotechnology will also advance solar-cell technology significantly. New nanomaterials and nanodevices will make it possible to lift the efficiency of solar cells from their current 35-percent to more than 50-percent. At that point, solar energy will become a viable energy source, even in cities that are cloud covered most of the time. When these advances are combined with enhanced fuel cells, people will no longer need to be connected to a large, centralized power grid. Homes, businesses and perhaps even cars will become energy producers rather than energy consumers. This will be an amazing reversal of the existing paradigm where people pay for their energy supplies.

Key Thoughts

"Within the decade, Mike Roco, senior adviser for nanotechnology at the NSF, projects t hat nanotechnology-based lighting advances have the potential to reduce worldwide consumption of energy by 10-percent. This will represent a savings of more than $100 billion and will reduce by 200 million tons the amount of carbon dioxide pumped into the air. This is possible because many companies and researchers are exploitingnanotechnology's potential."

-- Jack Uldrich and Deb Newberry

"Nanostructuring represents the beginning of a revolutionary new age in our ability to manipulate materials for the good of humanity."

-- World Technology Evaluation Center report on nanost ructured science and technology


2013 and beyond


"It is possible that by 2013, people and businesses will have available self-repairing materials, solar cells painted on buildings, cars that drive themselves, a human heart that grows itself, unlimited clean water and even a process that reverses aging. All of these claims are based on sound science and are likely to come to fruition."

-- Jack Uldrich and Deb Newberry

After a decade or so of having nanotechnology push the technology envelope outwards:


	New materials will be developed which uses nanosensors and energy sources to become self-repairing. As well as being used in exotic applications like a spacecraft, those materials could also be used for cars, bridges, buildings, windows and clothing with far reaching implications.

	It will likely become entirely feasible to embed nanosized solar cells into paint. Buildings will then be able to draw all the energy they need from the sun's radiation. Miniaturization will also make it feasible for fault-tolerant computers to replace human input in the piloting of airplanes, the driving of cars or the operation of a deep space exploration craft.

	Most people ultimately die from some type of organ failure. Nanotechnology makes it entirely feasible for human body parts to regrow themselves. This will have a profound impact on the average life expectancy, with a rapid increase in the number of people who live to 100 years and beyond. Nanomedicine may also make it possible for the aging process to be suspended and even reversed. Other likely medical advances will include enhanced chromosome-replacement therapies, neuron encapsulation for Alzheimer's patients or spinal cord injuries and artificial red blood cells.

	It is likely that between 2015 and 2020, the power of nanoelectronics based computers will approach the capacity of the human brain. That will make possible sophisticated virtual learning, enhanced product demonstration capacities at the point-of-sale or over the Internet and much more. Activities that are currently knowledge based (like analyzing and selecting stocks, for example) will move to machines. In fact, knowledge workers in general will need to change how they add value for their clients.

	It is likely that the vast portions of the world's population currently living in third world conditions will have adequate access to all the energy, education and health care they require within the next 15-to 20-years. How that will transform the politics of the world remains to be seen, but there will unquestionably be a narrowing of the gap between the haves and the have-nots.

	The "holy grail" of nanotechnology is to build a self assembler -- a device which takes raw atomic matter and makes it into anything you desire like a Ferrari or a filet mignon. While there is some serious science behind this ideal (see www.foresight.org
 for more information), there are also some technical challenges, which makes such a device unlikely. For example, a great deal of energy is needed to put together or break apart atoms. These and other problems make the likelihood of a working self-assembler unlikely, but some organizations are currently investing large amounts of money in developing a self-assembler.





纳米科技6　现在应该采取什么行动？ 
英文



主要观念

显然地，此时此刻就开始计划该如何利用纳米科技的优势，不要等到纳米科技完全发挥对经济的影响时，才被淘汰出局。

支持概念

纳米科技在未来会引导出数百种新产品和市场应用方式，这会是种间断性发展，毕竟革命性进展胜于渐进式的演进。然而，不会只因为纳米科技提供了更优良的产品，就代表消费者会立刻改变消费行为，全面发挥这项较佳科技的优势。另一项未知是，政府机关要如何因应这些新科技的出现，尤其是那些会冲击现有税收基础的产品。

一般来说，消费者会抗拒改变，除非有非常强烈的理由。在这层顾虑下，纳米科技产品进入市场的速度会是一项负面影响因素，某些地区和文化甚至不允许创新，因此很难预测要如何在这些不同意见间取得平衡。

更令人困惑的是，不同的问题有可能同时出现在两种以上的纳米科技解决方案，也很难预测最后哪种解决方案会胜出。例如，某种技术性较低的解决方案可能因为社会的接受度较高，并非因为较完备而受青睐。这项论题有太多可能变量出现。

以下为几项可能出现的新典范：


	保健和制药业的焦点会从疾病治疗转向预防。

	能源供给商转向商用客户，家户将不再是潜在客户而是潜在竞争者。

	制造商会从提供范围广大的产品，转而找出顾客的确切需求，并根据需求明确的特性生产产品。

	电子业会离开那些数百亿美元打造的芯片厂，搬到可以“种出”未来芯片的地方。

	各学院学科的区隔会模糊，分科学习生物学、物理学、化学或计算机科学变得不再有其必要性，教育界在适应这种新情势时会感到痛苦。

	想象中的每项产业，几乎都因为便宜、效用强大的计算机，廉价且普及的传感器，和迅速、便宜的通讯能力的出现，历经彻底的改变。



虽然这一切不会在未来几年内实现，但一个引人注目的新时代即将降临，是再明确不过的。纳米科技会启动全球有史以来最伟大的变动力量，至少，这应该是趟有趣的历程。

关键思维

“任何有效、先进的科技都无异于魔法。”

——知名作家　阿瑟·克拉克

“2001年，有180项与纳米科技有关的专利，1999年只有45项，10年前甚至是零。价值4, 700美元的《纳米科技研究报告》发现，2000年『纳米科技』一词出现在专业文章和期刊中的次数高达1, 800次，这个数字和『因特网』一词在1990年代初期，网络风潮尚未爆发并改变商业经营面貌时，出现的次数相当。或许听来有点过度吹嘘，然而毫无疑问地，未来几年会出现庞大的『纳米疯』（这绝大部分要归功于大众媒体，用极端推测的内容，或报导纳米科技有着非常长期的潜力，误导民众认为纳米科技已经随手可得）。但纳米科技的背后也是有着非常严肃和慎重的科学，这或许是《商业周刊》将纳米科技列入2001年『十大值得观察的科技名单』，以及《Red Herring》、《美国科学杂志》、《富比世》、《科学与科技评论》等刊物，也纷纷自2001年6月起以封面报导探讨纳米科技的原因。”

——欧德瑞奇与纽贝蕊

“如果想在这场新革命性领域的机会中占有全面优势，人们必须开始用不寻常的方式思考。”

——美国政府纳米科学、工程及科技内部工作小组

“问题不是纳米科技能否发生，而是何时实现。纳米科技促进所有现代工业的进步，且现在正在发生中。今天被视为10年后才会出现的新进展，到明天可能就前进到5年以后。因此，现在开始思考自己和事业在未来几年会有何种改变并不算早。因为在许多方面，纳米科技不会只是下一件大事，而会成为未来每一件事。”

——欧德瑞奇与纽贝蕊



纳米渊源

自1970年代，即开始超小物质的研究，也就是所谓的超微粒（Ultra-fine Particle）研究。因超微粒的大小多半为微米尺寸（micrometer），是长度的单位。1微米为100万分之1公尺（1μm=1×10-6
 m），再小的度量单位就是纳米。所以在1980年代超小物质研究，自然成为纳米尺度材料（即所谓纳米材料）的研究。但研究者也发现，许多纳米材料的物理性质已与同一材料普通尺寸的物质大不相同，既不能用传统物理（即古典物理，如力学、电磁学）解释，也不能用量子物理（20世纪初期发展出的物理理论，用来解释原子、分子与电子的行为）解释。传统物理解释物质整体的行为，多半属于巨观行为，而量子物理解释原子、分子与电子的行为，则属于微观行为。纳米尺寸刚好介于普通尺寸与原子尺寸（原子尺寸单位为埃，英文为Angstrom，1埃=1×10-10
 m）之间。

当进入1990年代后至今，由纳米科技发展出的新史观——介观物理，将主导纳米科技或纳米材料衍生的应用。现今世界各先进国家为了在这场新世代产业革命中抢得先机，无不积极投入大量金钱与人力。除了纳米科技本身的诱人前景外，现在纳米科技的发展速度令人吃惊且引起国际注目，如单电子晶体管（Single Electron Transistor, SET）与传统晶体管不同之处在于，单电子晶体管式控制一个个电子的运动，传统晶体管则是控制电流的运动。单电子晶体管仅能在低温下发挥功能，若能在室温下工作的话，目前正在研发的室温单电子晶体管将达到最大应用价值。

早在1959年，著名物理学家、诺贝尔奖得主费曼（R. Feynman）曾想过，如果有朝一日我们能把百科全书全储存在一根针大小的空间内，并能移动原子，这会为科学带来些什么？1981年，位于IBM瑞士研究室的宾伊（G. Binnig）与劳尔（H. Rohrer）发明扫描穿隧式显微镜（Scanning Tunneling Microscope, STM），主要是利用一根探针的针尖探测物体表面形貌。这具仪器可轻易观测物体表面的原子排列，6年后（1986），这两位科学家荣获诺贝尔奖。又过了3年，1990年时伊格（D. Eigler）在美国IBM公司利用扫描穿隧式显微镜探针，将原子排列成IBM三个英文字母，这是人类首次操纵原子，运用原子或分子制造机器已不再是梦想。便开启了微小世界里人为技术的滥觞，而形成今日的纳米技术。虽然纳米技术还有一大段路要走，但纳米技术成为新世纪主导科学先驱已是不争的事实。前美国总统柯林顿在2000年宣布一项美国国家2001年的科学研计划——国家纳米科技启动计划（National Nanotechnology Initiative, NNI），投资4亿9, 700美元于纳米技术。这项投资金额仅次于生物医学计划的10亿美元，希望可以达成把国会图书馆所有数据放在一个方糖大小内存内的目标。



Nanotechnology 6　What should we be doing about it now? 
中文



Main Idea

Clearly, nanotechnology is going to be an important part of everyone's business future. Therefore, it's not too early to start thinking about the changes, which will be required in the years ahead. Start planning now how to take advantage of nanotechnology rather than being swamped when it arrives with full force in the economy.

Supporting Ideas

Nanotechnology will lead to hundreds of new products and marketplace applications in the coming years. These will be discontinuous developments -- revolutionary rather than evolutionary. However, just because nanotechnology provides a superior product doesn't necessarily mean consumers will immediately modify their behavior to take full advantage of the better technology. Another unknown is how government regulators will react to these new technologies, especially those that will impact on their existing tax base.

Usually, consumers resist change unless there are compelling reasons to make a switch. In this regard, the speed with which nanotech products will flood onto the markets will be a disincentive. Some people even belong to religions or cultures that discourage innovation. It is difficult to forecast how all these differences in opinion will be balanced.

36 To add to the confusion, two or more nanotechnology solutions to various problems may emerge simultaneously. It will be difficult to forecast which of these solutions may ultimately win out. For example, a technically inferior solution may be preferred on the basis that it is more socially acceptable rather than that it is optimized. There are all sorts of variations on this theme that may play out.

A number of new paradigms will also emerge. For example:


	The focus of the health-care and pharmaceutical industries will change from disease treatment to disease prevention.

	Energy suppliers will look to businesses and households not as potential customers but as potential competitors.

	Manufacturers will shift from attempting to provide a broad range of products to finding out what the customer's precise needs are and then building products to those exact specifications.

	The electronics industry will move away from multi-billion-dollar chip fabrication plants to places where they can "grow" the circuits of tomorrow.

	Academic disciplines will blur. It will no longer be worthwhile studying biology, physics, chemistry or computational science in isolation. The education industry will struggle to adapt.

	Almost every industry imaginable will be profoundly changed by the availability of cheap, powerful computers, cheap and ubiquitous sensors and the ability to communicate rapidly and cheaply.



However things play out over the next few years, it is clear a dramatic new era is about to commence. Nanotechnology will be the enabling force for the greatest upheaval in the history of the world. At the very least, it should be an interesting ride.

Key Thoughts

"Any sufficiently advanced technology is indistinguishable from magic."

-- Arthur C. Clarke, author

"In 2001, there were 180 patents dealing with nanotechnology. This is up from 45 in 1999 and up from zero just ten years ago. 'The Nanotech Report', a study of nanotechnology that has a purchase price of $4, 700, found that the term 'nanotechnology' was mentioned in professional articles and journals 1, 800 times in 2000. This figure is comparable to the number of times 'Internet' was cited in the early 1990s, before the Internet exploded and changed the face of how business operates. This may sound like a lot of hype -- and there undoubtedly will be a good deal of 'nanomania' in the years ahead (much of it caused by the popular press, which will confuse nanotechnologies that are just around the corner with the highly speculative or the very long-term potential of nanotechnology) -- but there is also some very serious and solid science behind nanotechnology. Which might explain why in 2001 Business Week named it one of their 'Ten Technologies to Watch' and why Red Herring, Scientific American, Forbes, Science and Technology Review have all dedicated cover issues to the subject since June 2001."

-- Jack Uldrich and Deb Newberry

"People must start thinking in unconventional ways if we are to take full advantage of the opportunities in this new and revolutionary field."

-- The Interagency Working Group on Nanoscience, Engineering and Technology

"The question is not if nanotechnology is going to happen but when. Nanotechnology is fueling advances all across the modern industrial spectrum, and things are happening today. And advances that might be thought of as being ten years away today could, as a result of new developments, are only five years away tomorrow. It is therefore not too soon to start thinking about how you and your business will be required to change in the years ahead. Because in many ways nanotechnology is not going to be the next big thing, it is going to be everything."

-- Jack Uldrich and Deb Newberry



响应与讨论

从壁虎到纳米科技运用


苏宗粲



工业技术研究院院本部企划处处长



纳米科技研发中心副主任


“你会因为喜欢纳米科技，而指定选购某一件商品吗？”

“不可能因为不懂纳米科技，就放弃某一件喜欢的商品吧？！”

“讨厌纳米科技？对不起，那可能以后什么商品都买不到，因为，纳米科技是无所不在的！”

纳米科技并非神乎奇技，但绝对是股趋势新潮流

纳米是尺寸的单位，代表一种极其细微的刻度，以科学的算法是10亿分之1米。在实验室里把“1纳米”和“1米”（1公尺）之间的关系，可比拟为“一颗玻璃弹珠”和“一个地球”，如此具体描述可以帮助普罗大众了解1纳米的尺寸大小。自1980年代起，由于在科学量测技术的进步，例如电子扫瞄穿隧显微镜（STM）、原子力显微镜（AFM）及近场光学显微镜（NFM）等分析仪器的发明，方便科学家以“纳米尺度”分析及操控原子、分子所需的“眼睛”与“手指”，使得实验与理论能相互验证，纳米“介观（Meso世界）”的特殊现象渐为人类所了解。这是纳米科技的普及化过程。其实纳米科技既不是高深莫测的科技技术，也不该被曲解为杀菌神丹。惟不久的将来，纳米科技会是无所不在，每个人都必须正视这项趋势。

SARS和壁虎的故事

虽然我不同意纳米科技被扭曲成具有杀菌的功能，但是不得不感谢今年春天流行的严重急性呼吸道症候群（SARS），使得“纳米”口罩声名大噪。当我向中部科学种子教师营、保一总队等社会菁英演讲时，席间约五、六百位听众都表示“听过”纳米科技，主要就是来自于纳米口罩。

辜且不论纳米口罩的真正成效，厂商在纳米尺度下操控原子、分子，并活用纳米尺度下表现出的特殊物性，延伸出纳米科技的商品化新貌。经过科学家与市场需求的持续交流，纳米尺度的新特性已在下列领域突显出来：


	作用力

	量子限域效应

	尺寸效应

	表面/界面效应

	生物磁性

	透明性



壁虎爬墙是纳米尺度在作用力方面的有趣个案。壁虎是家中最常见的小爬虫，在天花板、墙壁间爬上爬下，看到昆虫就快速爬行，用长长的舌头把虫子卷进口中，大饱口福。以前的观念中，都以为壁虎脚上有吸盘，所以才不会在爬行时掉下来。事实上，当科学家翻开壁虎脚底时，并没发现吸盘，而是肉眼看不出的一根根细毛，用显微镜估算，壁虎脚底有650万根细毛（tiny hairs），每根细毛分成数百根更细的毛，称为tips，直径～200nm。史丹佛大学以特殊显微量器microscopic force sensor测量，壁虎脚底的每根细毛可支撑20mg的重量，100万根便可举起20公斤，每根细毛利用分子间彼此吸引的“凡得瓦尔力”与各种物体表面黏着，每平方吋可支撑200磅的重量。而“凡得瓦尔力”正是纳米尺度下形成的作用力之一。在此理论下，壁虎与天花板、墙壁间有很好的黏性，所以壁虎的脚能轻易黏上天花板，并支撑自己身体的重量。当要移动时，只需以30度角的方式拔起或撕起，就可以轻松做到。

运用壁虎足底纳米尺度的黏性观念，聪明的英美商人将之商品化为创新胶带，让消费者能使用到黏性好、却没有用久失效的困扰。所以我在对科学种子教师演讲时，会继续讲述壁虎胶带的故事，促请老师多让学生以科学理论为基础，导入灵活创新点子，想出更多让纳米科技形成商机的可行性创意。

从隐藏机密到有形商机

由于80年代观测仪器的进步，让大家对纳米科技有更明确的认识。事实上，早在80年代前，纳米科技早已存在人们生活中，只是受限于某些因素、仪器，所以并未被突显出来。

以下为中国大陆发现的个案。从美国进口的某品牌碳黑材料，对轮胎的补强性是其他品牌无法比拟的，因此该项产品价格就算比较贵，还能领导市场。直到近几年，有能力购买先进显微仪器的大陆科学研发人士，在实验室分析该产品成份时，发现其中就含有纳米级粉末，所以才能有如此优良的效能。多半基于商业机密的关系，美国之前不愿透露制程及材料成份，所以才能掌握最大的商业优势。之后由于全球研发技术升级，纳米科技不再为少数人把持，多领域的参与和解释，衍生出广泛应用，正是纳米科技走进日常生活的途径。

在台湾则有业者以纳米级粉末作为涂料，运用于机车的外壳烤漆，不会轻易刮伤，这样的产品，厂商也是号称为“纳米机车”，名称听起来就很前瞻；另一项纳米级涂料个案，则是运用在家用涂料含铅量侦测器上。过去碍于技术，几乎没有“简易、可靠”的测试方法，用X光测试设备太贵，又得有专业人员操作。由于今年纳米测量仪（DNAzyme-nanoparticle Sensor）问世，情况将有所改变，过去的问题都可迎刃而解，更为相关试剂产品带来更大商机。反观现在业者根本不须隐藏技术，还特别强调纳米科技，好提升产品的附加价值。

再者，由量子限域效应引发的商机，为化妆品和试剂两大市场，带来无限宽广的新局面。澳洲厂商Advanced Powder Technologies（APT）和日本业者Showa Denko K. K.（SDK），今年推出的抗紫外线化妆品，就同时运用Maxlight FTS和Maxlight ZS，以不同能阶和纳米粉末含量，发挥阻挡紫外线中的UV-B、UV-A等强大功能，预估4年内的市场销售量，每年可达日币10亿元。目前日本有38种防晒化妆品商品使用纳米级材料，澳洲的单一抗紫外线化妆品有六成的市占率，美国仅有8种纳米级防晒品。不过在科技追逐定论下，美国未来发展将十分可观。纳米级试剂产品，则是医疗机构非常期待的新方法，因为可在数分钟内诊断出感染性疾病，今年8月间由美国瑞斯大学（RICE UNIV.）生医工程系研发成功后，许多国家都希望能把这项技术导入急诊室，让医生能够掌握救治病人的关键黄金期。

了解纳米科技的操控技术，才是商机所在。

通过上述胶带、化妆品、试剂等案例，大家应该可以体认，纳米科技是种商品应用的过程，纳米科技可以用来提升产品的附加价值，并借由创新构想研发出更多的新商品，食、衣、住、行、育、乐，各个领域都可以导入纳米技术。只是，我要再次重申，对于纳米科技不应有扭曲概念，并强调，“一般客户不是买纳米科技，而是买商品。”要是商品不够创新、不具有附加价值，即使取了个纳米名称，结果也只不过是噱头而已。

善用纳米科技，商品化才有可能成形。所谓的“善用”，重点在于“操控”，在纳米尺度下适当地操控原子、分子，并活用纳米尺度下表现出的特殊物性、化性和生物特质，开发创新材料、制程、组件和系统产品的科技。这就是纳米科技商品化的做法，也是商机寻求的过程。

纳米商品化话说来简单，但并不是一蹴可几的。若是操控技术不佳，制造出的纳米级商品会沦于质量不良，唯有凭借坚强的基础技术和整合应用，才有可能克服障碍。台湾目前的国家级研发机构在纳米科技领域，正建置基础科技平台、整合包括电子、机械、材料、化工、生技、光电等各项跨领域技术。平行发展基础研究与应用研究，涵盖产业互动的经验，以期早日完成新兴科技产业化的目标。

中央研究院院长李远哲认为，21世纪全球将面临能源危机，纳米科技正是新世纪能源的新方向，到2010年时，纳米相关产品可望出现1兆美元的市场规模，美、日、德等国政府单位，都相继投入可观的人力与经费。台湾从今年开始，投入215亿元的纳米科技国家型计划，配合台湾的优越制造能力，将在短时间内开发商机。李院长的这项谈话，清楚描绘纳米科技未来商机的轮廓，台湾在技术应用及领域合作的深耕，是纳米科技发展的必然途径。

台湾厂商的国际级纳米技术

抱持挑战国际级技术的雄心，台湾各界对纳米科技发展兴致高扬，在公部门方面，工业技术研究院工业材料研究所在经济部科技项目计划支持下，完成纳米级的远红外线放射与负离子机能性粉体的技术开发，并已移转给国内厂商，制作包括面膜、贴布、内衣、袜子、眼罩、口罩等各种民生用机能性纺织品，为目前落实研发技术与生活应用具代表范例，这种合作关系正逐步加快扩展至各种产业。根据最新统计，投入纳米科技领域的产业，有半导体、印刷电路板、生技、纺织、纳米材料、建材/家电、平面显示器/计算机、光电、能源、设备，以及运动器材等。为协助本土企业快速与国际纳米科技潮流接轨，工研院亦着手建置台湾首座纳米商情数据库，预估3年后，将完成总计3万笔以上国际纳米研发及产品开发信息，为产业转进纳米领导技术把关。

受惠于我国制造业位居国际供应链的强势地位，国际级的纳米科技相关设备及产品，亦有进口厂商代理，从纳米材料、纳米设备分析仪器/软件，甚至纳米科技服务业，像是应用技术咨询、分析检测服务，都陆续在市场中形成。这正应验一句常理：“有市场、有客户，就会有厂商制造生产。”纳米科技的需求情况，只会愈来愈密集、愈频繁，借用工研院产业学院奈料科技企家班的如下宗旨，希望提供业者一个无限宽广的纳米世界：


	企业要掌握未来纳米产品发展的全球趋势；

	企业要有机会与世界级纳米科技同步学习；

	企业要提升纳米技术，增进产品的附加价值；

	从传统产业转型到优质产业，创造纳米新纪元。



纳米国家型科技计划

行政院项目工作小组于2002年9月成立【纳米国家型科技计划】办公室，2003年1月开始推动纳米国家型科技计划，冀盼借由计划办公室整合产学研力量，建立我国发展学术卓越和相关应用产业所需要之纳米平台技术，同时加速培育纳米科技所需人才，奠定我国纳米科技厚实之基础：


	达到“学术卓越研究”和“纳米科技产业化”为两大目标，建置核心设施和分享机制，并加强人才培育和养成，以奠定厚实基础。

	以卓越之学术研究基础，引导不断创新之产业化计划；以推动具世界级阶段目标之具体项目，带动我国学术研究的积极投入与不断升级。



其关联如下图：

数据源网站：http://nano-taiwan.sinica.edu.tw/


纳米科技中文参考网站

纳米辞典：http://www.ntrc.itri.org.tw/reIation/dictionary.html


纳米科技研发中心：http://www.ntrc.itri.org.tw/


纳米国家型科技计划：http://nano-taiwan.sinica.edu.tw/
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