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The first half of a study on nanotechnology in green building. Buildings contribute to a number of environmental issues 

today such as energy consumption, CO2 emissions, resource depletion, and waste generation. Aided by nanotechnology, 

researchers and engineers are developing new, more sustainable building practices and materials inspired by nature. 

Researchers have been studying the unique properties of Carbon, Silicon Dioxide, and Titanium Dioxide at the nano-

level. The combination of working with nature, rather than against it, and applying findings in nanotechnology research, 

buildings will become sustainable, elegant structures.                                                                                                                

Front image: “Shanghai Tower” http://www.treehugger.com/galleries/2009/03/stunning-green-buildings-in-china.php 
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Climate change and the prevalence of pollutants harmful to human health and the ecosystem are consequences of 

society’s urge to industrialize, grow, and consume at an ever increasing rate. These two issues have been on the 

forefront of research, political debate, and public concern for the past several years. While many people focus solely on 

lowering emissions from automobiles, or creating massive solar and wind energy plants, one promising market gaining 

recognition is the building industry. The built environment has significant impacts on the earth’s natural operations and 

systems. Water contamination is a common problem in urban spaces, since water cannot permeate cement used in 

streets, sidewalks, and roofs; this storm water runoff, as it’s called, gathers contaminants and pollutants, and flows 

directly into bodies of water through sewer systems. In natural environments, soil filters a certain degree of 

contaminant before it reaches ground water wells or drains to lakes and streams.
1
  

Cities experience a phenomenon referred to as the heat island effect, which is a significant increase in temperature 

compared to rural areas. This is caused by surfaces in urban infrastructure that absorb sunlight and emit it as heat.  

Sidewalks, streets, and building surfaces can 

become 90° F hotter than the ambient air.
3
 

Surfaces heat significantly in the late afternoon, 

but at night this heat is released, and the 

atmospheric temperature increases significantly. 

According to the EPA’s research, “The annual 

mean air temperature of a city with 1 million 

people or more can be 1.8-5.4°F (1-3°C) warmer 

than its surroundings. On a clear, calm night, 

however, the temperature difference can be as 

much as 22°F (12°C).”
4
 Another issue with 

increased city temperatures is the desire to use air conditioning, which ironically contributes to this effect by requiring 

energy. The heat island effect has detrimental impacts upon human health, water temperatures, and pollution emissions 

due to energy consumption.
5
 Energy consumption itself is a major concern in cities. It is estimated that building use and 

construction consumes 1/6 of the world’s fresh water, ¼ of its wood supply, and 2/5 of the world’s materials and 

energy.
6
 In the United States, the building industry emits 38.9% of the total CO2 emissions in the country.

7
  While 
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traditional methods of designing, constructing, and using buildings are resource and energy wasteful, the industry is 

booming with new and creative ideas to reduce the environmental impact buildings have. The Green Building movement 

has been picking up speed and increased popularity, as leaders and citizens alike worldwide begin to realize that society 

is long over-due for a major reinvention. Building sustainably has the ability to increase human health and reduce landfill 

waste, CO2 emissions, water use, and energy and resource consumption. 

The term Green Building refers to the process of designing, constructing, and using buildings to be more energy and 

resource efficient, analyzing their environmental and health impacts from a life-cycle perspective. A life-cycle standpoint 

means calculating impacts from initial construction to destruction of the building; constructing to promote life-cycle 

sustainability is also referred to as cradle-to-cradle technique, rather than cradle-to-grave. These ideas for building 

emerged in prominence parallel to the environmental movement of the 1960s and 1970s, but models of green building 

practice began as early as the late nineteenth century.
8
 In the 1990s sustainable building practices began to form as a 

more regulated industry through programs such as the United States Green Building Council. The USGBC defined 

stipulations for buildings to qualify as sustainable structures through their program called LEED (Leadership in Energy 

and Environmental Design). Buildings can be certified as gold, silver or platinum, depending upon degree of 

sustainability achieved by the incorporated practices. Some of the general concepts of green building practices include: 

- Siting: choosing a low-impact site, with easy access to public transportation, and landscaping with native plants 

requiring no additional watering or pesticide use 

- Energy efficiency: this could include passive lighting, natural and energy efficient ventilation, and automated systems 

to reduce energy waste 

- Materials efficiency: the goal is to choose recycled or low impact materials, rather than harmful materials and non-

renewable resources; another piece of this is reducing excess waste during the construction process, and in 

demolition by using materials that can be recycled 

- Water efficiency: water use can be reduced through low flow appliances, installing a green roof, and using only 

pervious concrete for parking lots and sidewalks
9
 

The overall goal is to reshape current methods of creating buildings, and to make more enjoyable, sustainable, and 

longer-lasting spaces for humans to occupy. Sustainable buildings are not only better for the environment, but aim to 

create healthier environments for humans who occupy them. According to the EPA, Americans spend approximately 90% 

of their time indoors.
10

 Considering this statistic, Sick Building Syndrome (SBS) is an emerging health problem of great 

concern. The common symptoms include headaches, dizziness, coughing, lethargy, nausea, dry skin, and lack of 

concentration. While there is a connection between these symptoms and residing indoors, there is no diagnosable 
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illness. The causes of SBS are related to poor building design and overall construction. Contributing elements include 

poor ventilation, chemical contaminants in paints or insulation, and mold or bacteria.
11

 Besides SBS, people can develop 

a Building Related Illness, where the symptoms have a clear cause. These symptoms include chest tightness, fever, chills, 

and muscle aches, and may take longer to recover from than symptoms of SBS.
12

 Green Building design aims to provide 

better ventilation, filtration of outside pollution, reduction of harmful chemicals, and improved protection against 

bacteria and mold growth. Applying new practices of material choice, location, structural design, and smart systems all 

aid in achieving healthier buildings.  

 
This diagram shows some specific green building techniques that could be used to make a house more environmentally friendly.

13
 

 

Many architects and designers have turned to the use of green technology, which is a broad term for a field that 

“encompasses a continuously evolving group of methods and materials, from techniques for generating energy to non-

toxic cleaning products.”
14

 The newest path for green building technology is the application of nanotechnology in 
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materials. Though a promising field with many positive applications, nanotechnology must be researched thoroughly 

and cautiously to evaluate possible environmental and human health impacts.  

Nanotechnology is the study of matter on the atomic scale, along with the manipulation of molecules at the 

nanoscale. A nanometer is equal to 1 billionth of a meter, or approximately 3-10 atoms in length, and can be compared 

to the width of a human hair, which is about 20,000 nanometers wide.
15

 
16

 Nanotechnology was first introduced in the 

late 1950s at the American Physical Society meeting in a paper by Richard Feynman titled, “There’s plenty of room at the 

bottom.”
17

 In this paper he discussed a method of manipulating atoms and molecules. Professor Norio Taniguchi at the 

Tokyo Science University established the definition of nanotechnology in 1974 as the following, “’Nano-technology’ 

mainly consists of the processing of, separation, consolidation, and deformation of materials by one atom or by one 

molecule.”
18

 Dr. K Eric Drexler independently defined nanotechnology in parallel to Taniguchi and published multiple 

books on molecular manufacturing and manipulation, striving to gain support and interest for the future of 

nanotechnology.  

Nanotechnology did not fully evolve as a field of research until the 1980s with the development of cluster science 

and the invention of special microscope called the Scanning Tunneling Microscope (STM).
19

 Since nanoscale structures 

 cannot be visually observed due to 

their miniscule size, the STM creates 

a topographic map by scanning the 

surface of matter, showing the 

atomic scale through computations 

that can be transposed into a 

graphical model. The STM tip 

contains nanoparticles, and at the 

very end a single atom, and when it 

scans the surface of a material from 

one nanometer away a current is 

created as electrons are swapped between the tip and the surface.
21

 This phenomenon, known as the tunneling effect, 

occurs when two atoms are approximately one nanometer apart and an electron travels outside of its own electron 
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cloud, away from the nucleus, and passes into the electron field of the adjacent atom. The laws governing movement 

and characteristics at the nanoscale are explained by quantum mechanics, which differs from the classical Newtonian 

laws governing larger scale materials.
22

 Figure 2 shows the interaction between a sample material and the tip of an STM 

made from Tungsten. The electron charge between the tip and the sample materials allows scientists to mold materials 

by selectively removing certain atoms, essentially etching a pattern onto the surface.
23

 While a scanning tunneling 

microscope can only be used to examine electrically conducting substances, Atomic Force Microscopy (AFM), invented 

six years after the STM, utilizes a method allowing other substances such as polymers, glass, and ceramics to be 

analyzed as well. Originally AMFs used a diamond fragment attached to gold foil, while more modern versions utilize 

laser beam systems that deflect onto a sensor that detects and records the position of the beam.
24

  

As science became more advanced and research expanded in creating nanoscale materials, two different 

methods for production emerged: the top down approach and the bottom up approach. The top down approach 

involves breaking down macroscale materials into their smaller components of nanoscale size through chemical 

reactions or mechanical force. The other approach, bottom up, uses chemical reactions to form the desired result. An 

example of this approach would be the Sol-Gel Process of creating nanoporous silicon dioxide dry gels.
25

 The bottom-up 

method utilizes self-assembly principles, which researchers are striving to better understand so as to take some of the 

tediousness out of current process of creating these nanoscale materials. Having quick and simple methods of making 

nanomaterials would make them more viable to be mass produced or more cheaply produced. Thus, it is expected that 

bottom up methods will most likely end up being more useful.
26

 

The unique properties of these new materials occur at the nanoscale, a size at which matter no longer obeys the 

laws of Newtonian physics, but rather quantum mechanics. One concept that explains why some substances exhibit  

their unique properties is called quantum confinement, where forcing 

electrons to occupy an extremely small amount space causes them to exhibit 

different behavior. This is related to the fact that at the nanoscale, there is 

an increase of surface to volume ratio, and more surface area means more 

space upon which reactions can occur. The amount of a material also 

changes its properties. An example of this is used in a documentary on 

nanotechnology in which they show changes in silicon’s color at the 

nanoscale. Silicon as a bulk material is grey, but when broken down into 
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nanoparticles, the color of the material can be red or blue depending on the amount. In the film, the silicon is a powder 

comprised of nanoparticles, and they use the analogy of an ice cream scoop, where a small scoop of the nanoparticles 

looks red and a slightly larger scoop appears blue.
28

 Another example is gold nanoparticles, when suspended in a 

solution look deep red, or even black.
29

 These are just a few examples of the dramatic changes in properties occurring at 

the nanoscale. Properties and uses of a material at the nanoscale may also vary depending on the structure or form. 

Nanoscale forms being worked with today include nanoparticles, nanocrystals, nanolayers, single walled nanotubes, and 

multiple walled nanotubes.
30

 The ability to create nanoscale structures and take advantage of their unique properties 

has led to a whole new age of science and has been partnered with a new way of looking at the world, understanding 

how it works and striving to develop new methods and materials that are more sustainable. 

Although technological advances of the 21
st

 century are often viewed as the epitome of human disconnect from the 

world, in the field of science, researchers are turning to nature for models and techniques to further advance technology 

through the use of biomimicry. Biomimicry is the “examination of nature, its models, systems, processes, and elements 

to take inspiration in order to solve human problems sustainably.”
31

  

Researchers are attempting to replicate hydrophobic, adhesive, and photosynthetic phenomena that have occurred 

in nature for thousands of years. For example, the lotus plant has been a focus of study for hydrophobic properties  

and self-cleaning mechanisms. It typically grows in muddy swamps, but is always 

pristine due to the unique surface of the leaf.
33

  Adhesives are another necessary 

material in buildings, but at present adhesives are harmful to the environment, and 

contain harsh chemicals that are toxic to humans. The Gecko has been the inspiration 

for non-toxic adhesives, since the Gecko naturally has the ability to stick to wet or dry 

surfaces repeatedly without losing its stickiness. The Gecko can also stick to surfaces 

without leaving a residue.
34

 Gecko feet have microscopic hairs that work similar to 

Velcro, except that their minute size allows them to attach to a surface regardless of 

how smooth it is. Scientists configured carbon nanotubes to mimic the hairs on the Gecko’s feet to create a strong 

adhesive that is also easily removed when pulled apart in a certain way.
35

 An article on biomimicry in the Magazine of 
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the Society of Women Engineers describes how buildings can be designed to be more sustainable by observing natural 

systems. A shopping center in Zimbabwe utilized passive cooling methods of fans and chimneys, designed by observing  

how termites built their mounds to remain approximately 87°F internally while 

outside temperatures varies from 37°F to 107°F. This mall consumes 90% less 

energy than normal air-conditioned buildings.
37

 Nanotechnology is a useful tool in 

creating products and systems inspired by nature. The potential to reduce 

consumption of non-renewable resources, provide efficient clean energy, and 

reduce pollutants can be great through the combination of biomimicry, 

nanotechnology, and creative engineering. By examining how nature achieves what 

it does, we can create more efficient, lower-resource consuming and 

environmentally harmful materials and forms of energy.  

The field of nanotechnology employs numerous substances for various uses, 

but three highly researched and focused on substances are carbon, silicon dioxide, and titanium dioxide.  For use in 

other industries beyond building, researchers are studying the potential properties of the nanoscale structures (particles, 

tubes, etc.) of aluminum, zinc, silver, copper, and gold. Some materials in that list are more viable and environmentally 

smart to pursue, and a main goal in using nanotechnology is to lessen to use of natural materials. Applications of 

nanoscale structures require less of the material, and can also reduce use of other materials and lessen upkeep due to 

their multi-functionality and heightened efficiency. In addition, many of the building applications of nano-materials are 

aimed at reducing CO2 emissions by creating more effective solar panels or coatings that de-pollute. Used as composite 

material to enhance currently used products, or used to create entirely new products, the most promising substances in 

nanotechnology are carbon, silicon dioxide, and titanium dioxide.  

Carbon is perhaps the foundational element or substance in the field of nanotechnology. Carbon is a nonmetal and 

is able to form the highest number of compounds compared to other elements. It is the 15
th

 most abundant element on 

earth, and by mass in the universe, it ranks as 4
th

 most abundant. Carbon is extremely stable, and almost all forms are 

generally un-reactive with compounds such as sulfuric acid and hydrochloric acid. Except in high temperatures, it is 

extremely resistant to oxidation. Carbon can be found naturally in all forms of plant and animal life; it is in the 

atmosphere as carbon dioxide, which is also dissolved in our oceans. In the form of hydrocarbons, it is found in coal 

reserves, petroleum, and natural gas. A large amount is also found in carbonate rock such as limestone or dolomite. The 

two main allotropes, or forms, of carbon are diamonds and graphite. Both show the wide range of properties carbon can 

have, since diamonds are clear and the hardest naturally occurring substance, while graphite is black and is among the 

softest substances found.  Carbon exhibits concatenation, which means it has the ability to the interconnecting carbon 
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atom bonds that create extremely long carbon chains. These bonds of carbon are both chemically stable and extremely 

strong. Catenation is also connected to carbon’s ability to form numerous different compounds.
38

  

Discovered in 1985, the allotrope of carbon known as a fullerene molecule has dramatically expanded research on 

carbon, and allowed for more understanding of its allotropes. Though the most common fullerene quantity is C60, more 

forms of carbon molecules considered fullerenes have been found; the 

various structures of fullerenes are all structurally similar to graphite, and 

are hollow spheres, ellipsoids or tubes.  Spherical shaped fullerenes are 

also known as Buckyballs, which look like soccer balls. Nanotubes are 

cylindrical shaped fullerenes, which are the most commonly used form of 

fullerene in nanotechnology.
40

 A nanotube is a cylindrical fullerene, 

formed from a sheet of carbon one atom thick.
41

 The size of nanotubes 

varies depending on use, and while they can be only a few nanometers in 

diameter, the length can extend up to several millimeters; they can also 

be single-walled tubes or multiple-walled tubes, and can either be open-ended or closed. These nanotubes make 

excellent conductors, and could easily begin to replace copper wires in electronics. Since carbon-carbon bonds are 

inherently very strong, nanotubes are also very strong, especially in relation to their weight.  A very common to make 

nanotubesprocess is to heat two graphite electrodes in an atmosphere of helium. The electrodes are connected to a 

direct current, and since helium is an inert gas, it allows the carbon is melt at a temperature of 4000° C, causing the 

carbon from one electrode to transfer to the other, thus creating nanotubes in the process. Once it has cooled, one can 

gather nanotubes from the electrodeby scraping them off with a knife; although the nanotubes themselves are very 

strong, the bonds between them in this form are not, thus allowing the material to be scraped off without harming the 

tubes themselves.
42

 Fullerenes are soluble in certain solvents, but the degree of solubility depends partly on the 

structure; some smaller fullerenes such as C28, C36, and C50 are not soluble. These new structures have been used in many 

applications due to their extreme properties as electrical conduction and strength in ratio to weight. The range of uses 

for fullerenes continues to be a focus of research in many intuitions and universities.
43

 

An article titled, “Tiny tubes, big riddles” in the December, 2010 issue of Science News provides a broad update 

on continuing research concerning the unique and almost unreal properties of carbon nanotubes. Scientists have found 

that carbon nanotubes do not burn in the manner normal science would dictate, generate electricity from heat in an 
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unexplainable amount, and can form the world’s darkest substance that cannot be explained by a

science.
44

 When carbon is burned, oxidation occurs and the substance decomposes into carbon dioxide and water vapor. 

Carbon nanotubes, as MIT chemist Michael Strano

disappear when burned; when fuel is poured onto a tube and is ignited, the 

flame burns along the tube, which remains unha

carbon nanotubes conduct hea

amount of electrici

terms of thermal conductivity, author Rachel Ehrenberg, explains that 

photons of heat move through a material at a certain speed depending on 

what obstacles they encounter; thus wood has a low thermal

through the dense material. On the opposite end, carbon nanotubes transfer heat 100 times quicker than any metal, 

which means heat is unobstructed completely when travelling through the tube, even whe

create nanotubes that would have obstacles to slow down heat. Strano understands the carbon nanotube’s ability to 

remain intact when burned to be connected with its exemplary transfer of heat. Solid materials at the large scale, b

slower than liquid fuel burns; Ehrenberg uses the example of a flame moving along a stick of wood compared to a line of 

gasoline. A nanotube doused in fuel and lit on one end burned 10,000 times faster than did the gasoline itself. The 

theory is that as the fire burns through the nanotube, it jumps forward to heat the fuel not yet burned and ignites it, 

thus the wave of heat moves through the nanotube faster than in a line of gasoline alone that is ignited. This would also 

explain why the carbon is not destroyed, since the flame moves so quickly, there is not enough time for oxidation to 

occur. The heat generated in nanotubes excites its electrons and produces a massive amount of electricity, and the 

faster the flame, the higher the rate of electricity g

is greater than any lithium-ion battery.
46

 

Shawn-Yu Lin at the Rensselaer Polytechnic Institute has used a forest of carbon nano

world’s darkest substances, absorbing 99.95% of light compared to the last record holder at 99.84%. Lin states that no 

present theory can explain how this level of absorption occurs, as normally light that hits a surface is reflected 

predictably based on the angle going into the surface. The very tiny reflected light from the nanotube forest has no 

predictable reflection pattern based on angles. The uneven and reasonably sparse surface of the forest, composed of 

millions of 10 nanometer-thick tubes of various heights and arranged at random angles, absorbed almost all light that hit 

it.
47

 Lin explains that, “For light, it is almost like nothing. It is so dilute, nothing ever comes back. Material is what 

reflects.”
48

 This substance could potentially be
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rbing 99.95% of light compared to the last record holder at 99.84%. Lin states that no 

present theory can explain how this level of absorption occurs, as normally light that hits a surface is reflected 

based on the angle going into the surface. The very tiny reflected light from the nanotube forest has no 

predictable reflection pattern based on angles. The uneven and reasonably sparse surface of the forest, composed of 

s of various heights and arranged at random angles, absorbed almost all light that hit 

Lin explains that, “For light, it is almost like nothing. It is so dilute, nothing ever comes back. Material is what 

This substance could potentially be used for more accurate temperature recording by constructing the 

Science News 178, no. 12 (December 2010): 20. 
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unexplainable amount, and can form the world’s darkest substance that cannot be explained by any theory in optical 

When carbon is burned, oxidation occurs and the substance decomposes into carbon dioxide and water vapor.  

has found, do not 

disappear when burned; when fuel is poured onto a tube and is ignited, the 

rmed. The manner in which 

t is extraordinary, and produces a massive 

ty, opening doors for alternative energy production. In 

terms of thermal conductivity, author Rachel Ehrenberg, explains that 

photons of heat move through a material at a certain speed depending on 

conductivity because these photons cannot move quickly 

through the dense material. On the opposite end, carbon nanotubes transfer heat 100 times quicker than any metal, 

n scientists attempted to 

create nanotubes that would have obstacles to slow down heat. Strano understands the carbon nanotube’s ability to 

remain intact when burned to be connected with its exemplary transfer of heat. Solid materials at the large scale, burn 

slower than liquid fuel burns; Ehrenberg uses the example of a flame moving along a stick of wood compared to a line of 

gasoline. A nanotube doused in fuel and lit on one end burned 10,000 times faster than did the gasoline itself. The 

s the fire burns through the nanotube, it jumps forward to heat the fuel not yet burned and ignites it, 

thus the wave of heat moves through the nanotube faster than in a line of gasoline alone that is ignited. This would also 

destroyed, since the flame moves so quickly, there is not enough time for oxidation to 

occur. The heat generated in nanotubes excites its electrons and produces a massive amount of electricity, and the 

enerated. Strano says that the power density of these tubes naturally 

-tube trees to produce the 

rbing 99.95% of light compared to the last record holder at 99.84%. Lin states that no 

present theory can explain how this level of absorption occurs, as normally light that hits a surface is reflected 

based on the angle going into the surface. The very tiny reflected light from the nanotube forest has no 

predictable reflection pattern based on angles. The uneven and reasonably sparse surface of the forest, composed of 

s of various heights and arranged at random angles, absorbed almost all light that hit 

Lin explains that, “For light, it is almost like nothing. It is so dilute, nothing ever comes back. Material is what 

used for more accurate temperature recording by constructing the 
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nanotube forest to record the temperature and force of a laser directed at its surface.
49

 The unbelievable properties of 

carbon nanotubes still being realized, even in today’s scientifically advanced society, shows that there is a vast amount 

we still do not understand about the world we live in, and opens doors to new possibilities for the future. Research on 

many other substances is underway, but carbon nanotubes alone offer new and hopefully more sustainable alternatives 

to currently used materials, chemicals, and systems.  

Carbon in pure form is relatively non-toxic to humans, though researchers have been exploring the possible 

health hazards of fullerenes and nano-scale carbon material. Studies have shown carbon to be safe when handles or 

ingested; the only problem is that carbon will remain in body tissue for an indefinite amount of time. Inhalation of coal 

dust and diamond can be hazardous, since it causes lung irritation. Sometimes dust can be contaminated with heavy 

metals or other chemicals, which cause health problems when inhaled or ingested.
50

 There has been research on the 

health effects of fullerenes, and scientists have had mixed results. The most common theme was that the structure of 

C60 showed no health effects, where as inhalation and ingestion studies of other structures showed some effects similar 

to those of asbestos. What can be concluded is that different structures of carbon have different levels of toxicity.
51

  

Silicon Dioxide (SiO2) referred to also as silica, is the oxidized form of silicon and is found naturally occurring as 

sand or quartz.
52

 Silicon itself is a metalloid, meaning it can have both metal and non-metal properties. It easily bonds to 

oxygen when melted, creating SiO2, which originally made it difficult for chemists to work with.
53

 The primary uses for 

SiO2 include window glass, drinking glasses, beverage bottles, white ceramic, and optical fibers. There are many 

manufactured forms of silica, such as fumed silica, crystal, gel, colloidal, and aerogel. These various forms and their 

different properties allow silica to be used for a wide range of technologies, products, and materials. Not only is it a 

beneficial substance due to its varied uses, it is the most abundant mineral in the world.
54

   

Silica exists in either an amorphous form or a crystalline form. Amorphous pyrogenic silica (or fumed silica) is a  

fine particulate smoke form, created by burning silicon tetracholoride.
56

 

Crystalline forms of silica include quartz (the most common form), tridymite, and 

cristobalite.
57

 Production of SiO2 is done through either a wet or dry heating and 

oxide exposure process. Under natural conditions, a thin layer of oxide will form 

on silicon, and this can be controlled through heating the silicon to a temperature 

of somewhere between 600° and 1200° Celsius. As the oxidation process occurs, 

the layer of silicon dioxide grows, and the depth of the silicon decreases relatively. 
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There are several different methods to achieving this, and they are used depending on the desired type of silicon dioxide 

to be produced. For example, the method of producing pyrogenic silica differs from the method to produce a silica gel.
58

 

Another form of amorphous silica is known as an aerogel, which is the form of silicon dioxide most heavily 

focused on in the field of nanotechnology. While aerogels can be formed from other materials, it is most commonly 

made from silica and prized for its low density and high insulating properties.
59

 According to Aerogel.org, the official 

definition states that: “An aerogel is an open-celled, mesoporous, solid foam that is composed of a network of 

interconnected nanostructures and that exhibits a porosity (non-solid volume) of no less than 50%.”
60

 Mesoporous 

means that the diameters of the pores are anywhere from 2 to 50 nanometers. These dry, nanoporous gels are derived 

from wet gels that have the liquid component replaced with an air or gas. Aerogels show extraordinary characteristics 

due to their unique composition. Aerogel.org lists some of the record lows held by silica aerogel in terms of properties.  

These include lowest density as a solid, optical index of refraction, thermal conductivity, sound transmission, 

and dielectric constant.
61

 Figure 3 demonstrates the insulating ability of silica aerogel, showing that it is protecting a 

 flower from a hot flame; low density, insulating ability and transparency are 

their main exceptional properties.  

Aerogels are formed using a bottom-up approach called the sol-gel 

process. Aerogel.org describes sol-gel as, “a process in which solid 

nanoparticles dispersed in a liquid (a sol) agglomerate together to form a 

continuous three-dimensional network extending throughout the liquid (a 

gel).”
63

 In layman’s terms it is a two-step process of forming a wet-gel from a 

sol and then drying that gel to create the aerogel.
64

  

The very beginning of the sol-gel process involves a liquid chemical 

solution that evolves into a colloid sol allowing for the formation of a wet-

gel.
65

  The colloid sol is a liquid solution containing dispersed nanoparticles 

prior to gelation. For silica gets a sol is made by chemical reactants whose 

molecules bond to form nanoparticles.
66

  The starting ingredients are water, 

                                                           
58

 “Silicon Dioxide,” Wikipedia Foundation Inc, http://en.wikipedia.org/wiki/Silicon_dioxiden (accessed October 4, 2010). 
59

 Ibid. 
60

 “What is Aerogel?” Aerogel.org, http://www.aerogel.org/?p=3 (accessed November 27, 2010). 
61

 Ibid. 
62

 The Flower, JPG, http://www.aerogel.org/?p=3.  
63

 “The Sol-Gel Process,” Aerogel.org, http://www.aerogel.org/?p=992 (accessed November 19, 2010). 
64

 Arlon Hunt and Michael Ayers, “Making silica aerogels,” Lawrence Berkley National Libratory, http://eetd.lbl.gov/ecs/aerogels/sa-making.html 

(accessed December 2, 2010). 
65

 Administrator, “The Sol-gel technique,” Sol-Gel Materials and Nanotechnology, 

http://sgmn.immt.pwr.wroc.pl/index.php?option=content&task=view&id=6&Itemid=30 (accessed November 14, 2010). 
66

 “The Sol-Gel Process,” Aerogel.org, http://www.aerogel.org/?p=992 (accessed November 19, 2010). 

 
Fig. 3 shows aerogel’s high insulation 

ability.
62

 



Robinson 13 

 

silicon alkoxide, a solvent of ethanol or acetone, and a basic or acidic catalyst. The most commonly used silicon alkoxides 

are tetramethoxysilane and tetraeothoxysilane.
67

  The use of a catalyst helps speeds up the chemical reaction by 

adjusting the pH level of the solution so that it is either above or below a pH of 7. Most common catalysts are ammonia 

for a base or hydrochloric acid. The solution can be neutralized to a pH of about 7 after hydrolysis takes place and 

gelation has begun.
68

 Hydrolysis is the first step in forming the sol, and the second step is called condensation or 

polymerization. Hydrolysis is a reaction between the silicon alkoxide and water to form silanol groups (Si-OH). The next 

step, condensation, occurs when these silanol groups react with either each other or an alkoxide group to form larger 

molecules with silicon-oxygen bridges. These groupings are silica nanoparticles.
69

  The process of gelation occurs when 

the nanoparticles begin bonding with each other to form polymer chains that create the gel framework. This framework 

expands and the viscosity increases as the gel formation completes. The gel point is this ending stage when the gel has 

completely filled the container and the liquid is thoroughly contained in the pores of the gel.
70

 

The wet gel must now be dried to produce the final aerogel. This can be tricky since if a wet-gel is simply dried in 

ambient conditions, it evolves into a xerogel, which is a denser and harder dry gel. To produce an aerogel, supercritical  

drying must be employed to avoid the gel’s pores simply collapsing on itself 

with the removal of water. Supercritical drying uses a substance’s critical 

point, which is the pressure and temperature at which there is no 

distinction between a liquid and a gas. By placing an aerogel in a container 

with the liquid that is also within the gel (ethanol), the container is heated 

to its critical temperature. The vapor pressure inside the container also rises 

and reaches the point where the liquid both inside and outside of the gel is 

a supercritical fluid. This supercritical fluid occurs when the vapor in the container becomes more liquid-like and the 

liquid becomes more gas-like until they reach a functional median that eliminates surface tension of the gel. The liquid is 

removed while it is still supercritical fluid, and as the container cools and depressurizes, the liquid that was in the gel is 

now a gas. One tricky part is removing enough fluid from the container so that as it returns to normal, the supercritical 

fluid cannot become liquid again. The Hunt Process of supercritical drying uses liquid carbon dioxide instead of organic 

solvents like ethanol or acetone, making the drying process less dangerous.
72

 

Titanium Dioxide is an oxide of Titanium, and is naturally occurring in minerals such a rutile, anatase, and 

brookite. The most stable and most common form is rutile, which anatase and brookite both transform into when 

heated. This mineral can be mined and used as whitening pigment, a photocatalyst, or UV absorbed for sunscreen.  
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There are a number of chemical processes to extract pure titanium dioxide 

from the crude form in minerals. Commonly, the process involves several 

steps of converting the ore through use of carbon, chloride, or sulfuric acid, 

then re-oxidizing the product to produce the pure titanium dioxide. One 

method of production of titanium dioxide that is often used in the field of 

nanotechnology is the solvothermal synthesis. This process involves heating a 

mixture of anatase and sodium hydroxide, then heating that product with 

diluted hydrochloric acid to produce nanotubes. Titanium dioxide as 

photocatalyst can execute hydrolysis, splitting water into hydrogen and oxygen, and generate electricity when broken 

down into nanoparticle form.
74

 Titanium dioxide converts light to energy that decomposes organic compounds such as 

dirt, bacteria, and mold, which allows surfaces exposed to sunlight to become naturally self-cleaning. It is also 

hydrophilic, which means it allows dirt to be easily cleaned off a surface since the water washes over smoothly over it 

rather than forming beads or droplets.
75

 Photocatalyst properties of titanium dioxide can be utilized in solar energy 

production, self-cleaning surfaces, de-polluting surfaces, and anti-fogging glass.
76

 These properties would be extremely 

beneficial in creating building surfaces that actively reduce pollution generated in cities. It would also reduce the need 

for cleaning products often containing harsh chemicals that negatively impact the environment and human health. 

Building exteriors would clean themselves, and would also de-pollute the adjacent air, actually reducing sick building 

syndrome related symptoms for those occupying the building.  

There have been some health related concerns for titanium dioxide in various forms and methods of 

contamination. Titanium dioxide nanoparticles are used in many sunscreens, and are absorbed into the skin. The health 

impacts at the moment are unknown. As a dust, is has been classified as a possible carcinogen when inhaled. Workers in 

mines and production of products using titanium dioxide are at the highest risk level for possible health impacts.
77

 

Dr. George Elvin, director of the Green Technology Forum and associate professor at Ball State University, believes 

strongly in an emerging market for nanotechnology applications. He views the progression of growth as starting with 

uses in insulation and coatings, then moving to advancements in solar energy production, lighting, water/air purification, 

and finally bringing sustainable options in structural materials and flame retardants.
78

 Given national and international 

pressure to reduce carbon emissions, the use of nanotechnology seems an inevitable step in the future. Many European, 

Asian North American universities and research institutions have begun exploring the possibilities for nanotechnology 

and are supported by large grants and other sources of funding. In 2000, the United States National Nanotechnology 
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Initiative was founded to help coordinate research and development in the field of nanotechnology
79

. Many new 

technology companies are investing more time and money into their own research and development, and some 

corporations are choosing to explore possible business ventures into the market of sustainable products. 

Public acceptance and cost of nanotechnology are two factors that hinder the wide use of nanotechnology. Dr. Elvin 

has stated that more independent testing, life-cycle analysis and understanding of how nanoscale substances behave 

are all necessary to promote the smart use of nanotechnology and foster public support. One problem facing 

nanotechnology is the wide use of the term on products as a marketing strategy. Most, if not all of these products do 

not actually contain nanomaterials, but if problems occur, it still puts a bad name to nanotechnology. One incident of 

this occurred in 2006 when a cleanser in Germany called Magic Nano caused respiratory problems. The cleanser did not 

actually contain any nanotechnology.
80

 The possible benefits of nanotechnology used in the correct manner are 

immense, and therefore it is essential to gain support and funding and stop the trend of using the term nanotechnology 

as a marketing strategy. Prematurely using nanotechnology in products is dangerous also, which is why regulations and 

precautions are important. In 2006, Berkley, California became the first state to regulate nanotechnology by including 

nanoparticles in an amendment to their hazardous materials law.
81

 While California has always been very progressive, it 

is hard to determine whether this regulation will have positive or negative impacts on the future of nanotechnology in 

the field of sustainability. Despite this, California still has its own California Institute of Nanotechnology, along with 

research labs at the University of Southern California and UC Davis, just to name a couple.  National nanotechnology 

research is, supposedly, regulated by the EPA, as it has been an area of great interest due to its many potential benefits. 

The EPA claims that its Nanotechnology Research Program is focused on developing risk assessment and management 

methods for nanotechnology, identifying the sources of it and way in which humans are exposed, and better 

understanding the health and environmental impacts.
82

 Scientists working with the EPA and the National Science 

Foundation are striving to minimize any health or environmental impacts that nanotechnology has, and to regulate the 

usage of nanotechnology while still allowing for research and development.
83
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