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SciTECH Briefs

Newton’s Ratchet
An ice cube melts in a glass of warm water,
and the water gets colder. Two glasses of
water at the same temperature won’t
exchange any heat, no matter how you
connect them. Basic thermodynamics,
right? Theoretical physicists Souvik Das
(St. Stephen’s College, Delhi, India), Onut-
tom Narayan (Indian Institute of Science,
Bangalore, India), and Sriram Ramaswamy
(University of California, Santa Cruz)
have an idea for a “ratchet” that transfers
heat in one direction between identical
reservoirs, but they had to go beyond basic
thermodynamics to make it work, as report-
ed in a Los Alamos National Laboratory
article submitted for review in Physical
Review Letters. 

The heat ratchet exists only in theory,
but Das and colleagues think it will be
possible to construct a nanoengineered
wire using an asymmetric one-dimension-
al array of atoms. Identical exothermic
chemical reactions going on at either end
of the wire would provide heat energy, and
the atom array would channel heat pref-
erentially in one direction along the wire.
It’s not a perpetual motion machine, but
it could lead to some very unusual chem-
ical reactions. 

The theoretical heat ratchet is a one-
dimensional array of hard point masses
attached at each end to identical nonther-
mal kinetic energy reservoirs. These reser-
voirs are in a nonequilibrium state and

contain many more high-energy particles
than would be present in a mathematically
normal distribution. Thus, the concept of
temperature is not meaningful here. 

The researchers tested several config-
urations, and no matter what kind of reser-
voir or array asymmetry was used for the
calculations, the result was always a net
macroscopic energy current traveling along
the array. In one calculation, one reservoir
was attached to a heavy particle at the
start of a chain of progressively lighter
particles (as in a “Newton’s cradle”,
pictured), with the reservoir at the other
end attached to the lightest particle. The
heaviest particle collided with the adja-
cent reservoir, recoiled, and then collided
with the lighter particle next to it. The
heavy particle continued in the same direc-
tion, but the collision caused the lighter
particle to begin traveling in this direction
as well, and so on down the chain. When
the lightest particle collided with the other
reservoir, it wasn’t able to budge the heav-
ier particle next to it and most of the ener-
gy was transferred back to the reservoir.
Thus, energy flowed in one direction
between the reservoirs. 

Because you have to keep putting ener-
gy into the system to keep it in the
nonequilibrium state, the laws of thermo-
dynamics remain inviolate. Newton would
be pleased.

—Nancy K. McGuire ◆

Dendrimer-Delivered Drugs?
An especially difficult task in developing
new therapeutics is devising ways to trans-
fer effective quantities of pharmaceuticals
that are soluble in organic media into the
aqueous environment of the human body
without introducing toxic amounts of the
actual solvent. Therefore, microencapsula-
tion of drugs for safe and biocompatible
delivery can be critical.

Peptide dendrimers present one prom-
ising approach for effective drug encap-
sulation and delivery that was recently
investigated by researchers at the Univer-
sity of Barcelona in Spain (J. Amer. Chem.
Soc. 2002, 124 (30), 8876–8883). Using
convergent solid-phase synthesis, the scien-
tists developed a new family of dendrimers

based on polyproline helices with cis-4-
amino-L-proline as a branching unit (the
additional amino group allows a side-chain
to form). 

The work rests on a specific structur-
al property of polyproline oligomers:
Proline is unique among the 20 geneti-
cally coded amino acids in that it has both
a cyclic backbone and a secondary �-amino
group. This allows proline oligomers to
exist in one of two distinct conformations
depending on the solvent. Polyproline I
(PPI) forms in organic solvents and is a
right-handed helix with all peptide bonds
cis to each other. PPII, on the other hand,
forms in aqueous solvents and is a left-
handed helix in which all peptide bonds
are trans-oriented. 

The transition from PPI to PPII involves
a significant lengthening of the molecule—
an increase from 1.9 to 3.1 Å per residue.
The concept is to capture drugs in an organ-
ic solvent within the “tighter” PPI confor-
mation. The drugs would then be released
into the body as the encapsulating agent
transforms to PPII. 

Dendrimers were synthesized on a solid-
support bead made from Merrifield resins
using either a spermidine or a lysine–lysine
anchor. Dendrimers that contained chains
of 5, 9, 14, and 19 proline residues were
tested, and for those with more than 14
proline residues per chain, circular dichro-
ism measurements indicated the occurrence
of transitions between PPI and PPII.

A modified Newton’s cradle, above, simulates
one kind of atom configuration that could
allow unidirectional heat transfer between
identical reservoirs. 

The PPII and PPI conformations of a proline
dimer illustrate the structural difference in
building units that leads to the formation of
left- and right-handed helices, respectively. 





The researchers used fluorescence spec-
troscopy to demonstrate the ability of their
proline dendrimers to capture the antibi-
otic ciprofloxacin in 99.5% propanol.
Furthermore, active cellular internalization
of the dendrimers was observed by incu-
bating fluorescein-labeled dendrimers with
rat kidney cells. A direct assessment of the
therapeutic potential of this strategy,
however, remains to be demonstrated.

—Mark S. Lesney ◆

A Non-Solution Solution 
Organic solvents are vital components of
many synthetic processes, including those

that are very important to industrial
production. However, most reactions leave
behind a contaminated solvent that often
can’t be reused, and because many organ-
ic solvents pose serious risks to human
health and the environment, they are cost-
ly to decontaminate and remove.

Recognizing the need for a system that
lessens the dependence on reactions that
produce such hazardous byproducts, scien-
tists at the U.S. Department of Energy’s
Ames Laboratory at Iowa State University
(Ames) found an approach that complete-
ly eliminates the need for these solvents.
Vitalij Pecharsky and colleagues used high-

energy ball-milling, a well-known process
for producing and modifying metal alloys,
to react organic chemicals in the solid state
(J. Am. Chem. Soc. 2002, 124 (22), 6244–
6245). 

In ball-milling, materials to be processed
together are placed in a hardened steel vial
along with steel balls. The vial is vigor-
ously shaken, and mechanical energy is
transferred into the system. This breaks
down the crystallinity of the solids and
provides mass transfer, eventually combin-
ing the materials into new compounds.

To test their theory, the researchers
used the Wittig reaction, a nucleophilic
addition and elimination, to transform
phosphorus ylides and aldehydes into unsat-
urated hydrocarbons.

Nearly all of the transformations were
efficient and selective in the solid state.
Furthermore, they can be carried out either
consecutively or as “one-pot” processes,
in which components required for perform-
ing several different processes are ball-
milled together in the same vial.

The team even discovered a surprise
along the way. “Remarkably, a ‘one-pot’
Wittig-type reaction between phosphines,
organic halogenides, aldehydes or ketones,
and a base is impossible in a solution,
but has been successfully carried out in a
mill without a solvent,” said Pecharsky.

—Christen L. Brownlee ◆

12 TODAY’S CHEMIST AT WORK SEPTEMBER 2002 http://pubs.acs.org/tcaw

Business Bits
Column name change. Waters Corp.
(Milford, MA) has changed the name of
its Polarity brand of reversed-phase C18
HPLC columns to Atlantis. All other aspects
of the column will remain the same.
Atlantis columns contain a proprietary
difunctionality bonded straight-chain alkyl
stationary phase for low-pH stability and
long column life (Waters press release).
New to Nasdaq 100. Sigma-Aldrich Corp.
(St. Louis) joined the Nasdaq 100 Index
Tracking Stock in July 2002. The compa-
ny has a market capitalization of more
than $3.2 billion from its business in
biochemical, organic, and inorganic chem-
ical products. The Nasdaq 100 Index repre-
sents the largest domestic and interna-
tional nonfinancial companies listed on
Nasdaq and is one of the most widely
followed stock benchmarks in the world
(PRNewswire). 

Agilent to Supply Orion. Agilent Tech-
nologies, Inc. (Palo Alto, CA) will supply
the agricultural research company Orion
Genomics LLC (St. Louis) with gene expres-
sion analysis technology to encourage
Orion’s work in enhancing plants impor-
tant to human and animal health, food
production, and renewable energy, among
other applications. The technology
includes the full collection of Agilent
microarrays, an automated microarray
scanner, and a microfluidic-based bioan-
alyzer (Agilent press release).
Gas Venture. Industrial gas suppliers
Praxair (Danbury, CT) and Air Liquide
(Paris) plan to invest $100 million by
2005, supplying gas, including hydro-
gen, nitrogen, and carbon monoxide, to
clients of a large chemical industry park
currently being built in Shanghai. Among
the companies building plants in the
park are BASF, Huntsman, and Bayer
(Reuters).

Electrochemical Sensor Prototype.
CombiMatrix (Mukilteo, WA), a majority-
owned subsidiary of Acacia Research Corp.
(Newport Beach, CA), has completed a
prototype electrochemical detection
system ready to be delivered to the U.S.
Department of Defense (DOD). The prod-
uct, developed through funds from the
DOD, is an ultrasenstive handheld biochip
system designed to detect the deployment
of chemical and biological warfare agents
(BW HealthWire). 
LG Chem. LG Chem, Ltd. (Seoul), South
Korea’s largest chemical producer, has
announced plans to build a 20,000 mt/yr
engineering plastics compounding (EPC)
facility in southern China’s Guangdong
province by March 2003. By 2010, LG Chem
hopes to expand the plant to 50,000 mt/yr.
China’s EPC market is expected to grow
15% from 2000 to 2005, and global demand
is anticipated to grow 8% in this time peri-
od (Platts Petrochemical Alert).

“One-pot” synthesis carried out with the ball-milling technique. 
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