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Nano: definition, a combining form with the meaning “very small, minute,” used in the 

formation of compound words (nanoplankton); in the names of units of measure it has the 

specific sense “one billionth” (10 -9): nanomole; nanosecond. 

What is Nano? 

Nano, as the definition above indicates, refers to the size of something. Nano is not a thing 

or creature by itself, and just because something happens to be nano-sized, does not make it 

necessarily bad or good, dangerous or safe. Nano is just a way to describe the size of a 

measurable portion of a material that can be detected with the right laboratory tools. 

 

Any material can be made into a nano-size with a little work. What size it becomes exactly, 

and how long it lasts that way, depends on the molecules used, and the surroundings it is 

placed in. Sometimes things are nano-sized only for a short time, others for centuries.  
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Not all 

Nanomaterials 

are the same 

Is Nano natural? 

Yes, Nano is natural, that is, nano-sized objects can be found in the environment 

everywhere in the world. Microbes, plants and trees produce nano-sized byproducts when 

they grow. The human cell is a bag containing thousands of nano-sized organelles that do 

specific things to keep the cell, and the organism it belongs to, alive. Nano has been part of 

the human world right from the beginning of our existence. 

If Nano is natural, then why do we think its unsafe? 

Scientists distinguish between natural Nano and engineered (i.e. man-made) Nano.  The 

argument is that if Nano is made in the environment, by non-human methods, and exists at 

concentrations and distributions defined by the natural environment, it is probably safe, 

since humans have been exposed to it for millions of years. Engineered, or man-made Nano 

is made with substances not found commonly in nature, or are concentrated billions of times 

more than normal.  Since this type of Nano is new, its effect on humans is unknown and 

needs to be studied.  

Different kinds of Nano. 

Nano materials, natural or engineered, vary by size, shape, charge, elemental composition, 

surroundings.  

 

Size. As the number of atoms or molecule in an object gets smaller, their attraction for each 

other starts to compete with their attraction with their surroundings.  This puts stress on the 

atoms and molecules and so they begin to change their equilibrium placement relative to one 

another. In some cases, the new equilibrium placement makes bonds weaker, making them 

easier to break, while in other cases, the bonds get even stronger. In the first case, parts of 

the nanomaterial can more easily break off, while in the second case, molecules from the 

surroundings tend to adhere to the particles to the point that parts of them also break off. 

The smaller the size of the nanomaterial the more possible this will be. In general, if the size 

is >100 nm these effects are not important. 

 

Shape. Nano materials, even of the same element can be spherical, oval, triangular, rod-

shaped, hard, flexible, fuzzy and smooth.  Scientist study how size affects how these Nano 

react with chemicals, living cells, and other things. Generally, things with sharp edges have 

more activity. Again, the smaller the size and more sharp edges, the more activity is found. 

 

Charge. The electrical charge of the particles determines whether a suspension of Nano will 

clump together (less charge=more clumping), and what kind of things will be attracted to it 

(opposing charges attract). Just because a Nano material has zero net charge doesn’t mean 

there are no charges on it, only that the charges balance out. There can be hot spots, that are 

all positive or all negative where reactions can happen. These are more likely to happen at 

sharp corners or crevices in the Nano materials, and small particles tend to have more such 

areas.  

 

Elemental Composition. How strong the effects mentioned are depends on the atoms that 

make up the Nano material. In general, atoms in the middle of the periodic table without a 

full complement of electrons are more active because they are trying to gain or lose 

electrons to achieve balance. The elemental composition also determines whether the body 

will be able to metabolize them. Hard materials, like metals tend to pass through the body  
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Beware  

of false  

claims 

 
  

without metabolizing, while softer materials made from carbon, hydrogen oxygen 

and nitrogen tend to be degraded by enzymes during metabolism. 

 

Surroundings. When people talk about the safety or reactivity of Nano they 

often forget to consider the environment in which they will be used. Things like 

pH, ionic strength, and other chemical can change the characteristics in either 

direction. It is best to know your conditions and test for any unexpected effects. 

Is there a safe Nano? 

It is possible to construct safer Nano objects using substances like carbon, 

hydrogen, oxygen and nitrogen. In fact, Nature uses these atoms to make Nano-

sized proteins, DNA, vesicles, and cell organelles.  Each of these structures is 

made of many thousands of atoms with a unique arrangement that gives special 

properties and function.  Medical doctors are using these type of Nano as a model 

to construct biomimetic, engineered Nano that is safe and effective for the 

purpose of delivering medicine, imaging, and measuring things inside living 

things. The most promising today are nanoliposomes and nanoemulsions made 

from a combination of fats, lipids, fatty acids, proteins, and biodegradable or 

natural polymers. The correct combinations provide stability in a wide variety of 

environments, selective permeation, low immunogenicity, targeting, and other 

important features. Technology exists today that allows us to make complex 

packages that can do multiple things at the same time. A correctly designed 

capsule allows the use of less active for the same, or better, response, reducing 

waste. This lowers the chance of adverse reactions in sensitive individuals. 

 

How do scientists know these Nano-formulation are safe? Scientists do in vitro 

cell culture testing to show that the ingredient used alone or in combination with 

other things has no adverse effect on the growth of cells. For some products, 

animal studies are needed, but this is mainly for nanomedicines taken internally 

or injected. 

How to nano-size an active. 

One way to nano-size a material is to take its powder and use a mill to grind it 

into smaller and smaller particles. Eventually the pieces reach the nano-size. 

Other ways to nano-size include using sound waves (i.e. sonication), light waves 

(i.e. laser ablation, and electricity (i.e. electrolysis). These are all forms of energy 

that can be used to make large particles smaller, but require specialized 

equipment, and have limits on the amounts of material that they can process at 

one time. 

 

The advantage of milling is that you can produce a large quantity of powder if 

your mill is large enough, making the process economical. The disadvantages are 

several. As you grind the particles their surfaces become reactive. That is because 

the grinding process breaks off pieces of the particle leaving a raw surface that is 

no longer satisfied having its atoms in their equilibrium positions. These atoms 

have to now adjust to their new surroundings and as they do they may react with 

air, or other materials, changing their nature. This may or may not be a problem 

for you, but it does happen. During grinding, parts of the milling machinery can 

grind off as well and those fragments get mixed with your material. In some 

cases, going to all this effort to grind a powdered substance is a waste of time. 

For instance, if you took powdered ascorbic acid and ground it into nano-size, 

and then mixed it with your formulation, wanting to claim you have nano-sized 
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ascorbic acid that is more potent, the claim could be false, since ascorbic acid 

readily dissolves in water. You may have added the substance as Nano, but by the 

time you are finished, it is in its molecular form. All you have really done is 

made your mixing process easier, since the nano-powder disperses better. The 

take-home here, is that you should think about the characteristics of your 

substance before using this method. 

 

Nano-encapsulation is different. First, the active material is intentionally mixed 

with other substances, with the expectation that the other substances create an 

envelope around the active in one of the liquid ingredients of your formulation. 

The envelope determines how the active will penetrate, diffuse, and target, taking 

some of the work away from the active. You can create a capsule decorated with 

signaling molecules to make cells eat it, or a capsule that releases the active 

slowly overtime nearby, or one that stimulates cells to grow faster 

 

On the market today, you will find products using liposomal or micellar 

additives. Liposomes are generally larger, up to a micron or more in size.  These 
have to be well-stabilized or else they will fall apart when mixed with other 

formulation ingredients. Micelles are very stable, but they have limited carrying 

capacity. Nanoliposomes or nanoemulsions are in between these two extremes. 

They have significant carrying capacity for actives, are thermodynamically 

extremely stable, and look like materials created and used by living cells to 

process food, waste and to communicate. A cell, when presented with one of 

these packages, incorporates them into their cellular processes using their built-in 

mechanisms.  

Nano actives for Skin and Hair. 

The kind of Nano to choose for your active depends on many factors. An active 

ingredient in a personal care product first has to pass the outer barriers of the skin 

or hair, penetrate to a specific location, and then act. These barriers are a 

combination of hydrophilic or hydrophobic layers, tight junctions between cells, 

and chemical gradients. Some actives are more active than others. For example, 

vitamins have to enter living cells to affect skin formation. Fatty acids, 

polysaccharides and proteins might simply integrate into the extracellular matrix 

to help strengthen the mechanical properties of aged or damaged skin, while the 

living, skin-forming cells deep inside recover and regain normal metabolic 

function. Some of these molecules may have a signaling function and stimulate 

the recovering live cells to recover faster, or change their metabolism from 

dysfunctional to functional. In this case, the active must be able to get to the 

vicinity of the cells and maintain a steady concentration level of signal, to get the 

best response. To achieve this requires good quality actives and a thoughtfully 

designed delivery capsule. This is the goal of the Intelligent NanoDelivery 

System of products. 

Summary. 

Hopefully this tutorial has helped you understand the current state of 

understanding about Nano, and enabled you to make an informed decision 

whether Nano is right for you. For more questions please contact our technical 

team by email or phone. Happy formulating! 

 


