
Materials 286E Assignment 1: April 19 2004:

Due date: Monday May 3; Provide detailed answers, with references

1. Colloidal physical chemistry

(a) How does the DLVO theory for the interaction of colloidal particles explain silting at the
mouths of rivers. What else (other than Coulombic repulsion) helps stabilize India Ink.

(b) Why do di- and tri-block copolymers form much more complex structures than (for example)
simple surfactant-oil-water phases.

(c) What is the process of gelating a liquid ? Explain napalm (gel of oil) and Jello (gel of water).

2. Nanotubes, Nanowires

(a) Describe at least two different ways of making gold nanowires/nanorods. Why do we describe
these as being size-confined in 2D. Is there an optical signature for this ?

(b) What is the VLS mechanism for the formation of nanowires. Why does VLS with carbon give
single-walled nanotubes (hollow) but with ZnO, nanowires and whiskers.

(c) Is the gold-nanoparticle-catalyzed VLS mechanism for the formation of ZnO nanowires a good
method to making doped ZnO ?

(d) Describe how electrochemistry coupled with filter membranes (channels in anodized alumina)
can be used to make nanowires.

3. Langmuir monolayers and Langmuir-Blodgett films

(a) Sketch the Π − A phase diagram for forming a Langmuir monolayer and draw parallels with
the p−V phase diagram of a real gas. Which region in these diagrams characterize first-order
phase transitions.

(b) How are crystalline domains in Langmuir monolayers visualized.
(c) Given glass surfaces, such as microscope slides, which can be modified to be either hydropho-

bic or hydrophilic (your choice) explain how you could make LB films with the following
characteristics. Diagrams are appreciated:

i. An odd number of monolayers, hydrophilic top surface (to air)
ii. An odd number of monolayers, hydrophobic surface
iii. An even number of monolayers, hydrophobic surface
iv. An even number of monolayers, hydrophilic surface

(d) Suggest how Langmuir monolayers have proved useful in understanding the mineralization
(crystallization) of inorganic biominerals such as calcium carbonate (hint: look up the work
of Stephen Mann at Bristol).

4. Self-assembled monolayers

(a) List at least three different chemistries for forming SAMs on solid (metals or oxide) surfaces.
(b) How is the crystalline 2D structure of a SAM established. Briefly describe at least two tech-

niques.
(c) How is the strength of the bonding of monolayer to surface established.
(d) How do we know that the chains tilt from the surface.


