
NanoMath

Nanogold for Sale: How much?

a) The current price for gold is $42/g (http://goldprice.org/). The density of gold is 19.32 g/mL.

How much gold do you 
think is in the 3 mL gold 
nanoparticle solution?

If you have 3 mL of solid gold, how much would be be worth? 
Show your calculations below.

Answer: Cost of gold*gold density*Vol=$42/g*19.32 g/mL*3mL=$2434

b) Assuming full conversion of gold reactant to product (nanoparticle), the concentration of the 
gold reactant in the nanoparticle solution is 0.182 g/L. The gold reactant is only 49% gold by 
weight. The current gold price is $42/g (http://goldprice.org/). 

What is the value of the gold in 3-mL gold nanoparticle solution? Show your calculations 
below.

Answer: Concentration of gold reactant*reactant purity*Cost of gold=
 0.182 g/L*0.49*0.003 L*$42/g=$0.011

Was the value of the 3-mL gold  nanoparticle solution different than you expected? Why?

Answer: Yes, because there is only a small amount of gold in in the solution (assuming 
full conversion: 4.5x10-4 mol/L or 89 parts-per-million).
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Using the ratio of the diameter of a 0.7-mm pencil lead to the length of the Olympic swimming 
pool (50 m), what size nanoparticle would have the same ratio value relative to 0.7-mm pencil 
lead? Show your calculations below.

Answer: Ratio Lead Diameter/Pool :Length = 0.7 mm/50 m=1.4x10-5

Nanoparticle size=0.7 mm/1.4x10-5*10^6=9.8 mm
Thus, ratio of pencil lead to Olympic-sized swimming pool is the same as the ratio 
of 9.8-nm particle relative to the same pencil lead.

How many 10-nm diameter particles, can you line up end to end across the diameter of a US 
nickel? (Nickel diameter 21.21 mm, 1 m=10^-9 nm). Show your calculations below.

Answer: Nickel diameter*Conversion mm to nm/10-nm=
  21.21 mm*10^9/1000/10=2.1 million particle

How much smaller is 10-nm particle, than the diameter of fine human hair 10 micron?

Answer: 10^-8 m particle and 10^-5 hair, so nanoparticle is 1000x smaller

What is your height in nanometers? (Hint: 1 in=0.0254 m)

Answer: Height in m*10^9 nm
              72 in*0.0254 m/in*10^9=1.8 billion nanometer
Hiding a surface
Check the bottle of “matrix carbon” and try to find the number quoted by the manufacturer for 
the surface area per cubic centimeter of beads. 



The beads are pretty small--they’re about a millimeter or two across. What is the volume of a 
single bead that is two millimeters in diameter? Remember from geometry that the volume of 
a sphere is 4/3 * pi * (radius cubed). Calculate also the surface area of a single sphere: 4 * pi * 
(radius squared).

Multiply the volume of the bead by the number that you found earlier to find the manufacturer’s 
number for the area per bead and compare it to the value you calculated for the surface area of 
the bead. How different are the two numbers? Does this surprise you?

If the answer doesn’t make sense to you, try this exercise to convince yourself. Crumple or fold 
a sheet of paper such that you can make it as small as you can. Has the surface area (the total 
amount of paper) changed at all? If you ripped the paper into pieces, would the total amount of 
paper that you had change at all? What about the total perimeter of all the pieces put together 
compared to the perimeter of the original paper’s edges?

You have just structured the paper on what nanoscientists call a smaller length scale. The paper 
is now made of multiple pieces, each of which is smaller than the original sheet. If you have a 
magnifying glass or a particularly keen eye, you can see that the paper itself is made of little 
strings called fibers that are much smaller than the paper itself.

In the case of the carbon, the “structuring” exists on a length scale that is very small compared 
to what your eyes can see. To your hand, the material feels rigid, but a liquid or gas can pass 
through these small spaces because the atoms that make them up are smaller still.


