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Making Materials That Hate Water to
Love Water: The Transformative Power
of Chemistry*

Richard N. Zare'

A simple nonaqueous reaction scheme for transforming the surface of plastics from hydrophobic to hydrophilic is presented.
The chemical modification is achieved by the base-catalyzed trans-esterification of polyethylene terephthalate (PET), which is a
commonly used plastic. Its use in blood collection tubes is discussed. The surface modification is permanent, inexpensive, rapid,
and does not release contaminants. It also causes no optical or mechanical distortion of the plastic. This work demonstrates the
power of chemistry to transform common materials.
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What a pleasure to be with you this morning and to have this  and infecting themselves. So now | am only permitted to use
opportunity to talk to you about materials for tomorrow, really plastic, and the plastic | use is made of something called poly-
something about the transformative power of chemistry, And  ethylene terephthalate also simply called PET. But the plastic
I'm going to pick one particular material, one that | hope many
of you are familiar with. 'm going to talk about blood collec-
tion tubes. At first, this sounds not very exciting. How many
people have ever had their blood taken? Let’s have a show of
hands. Huge numbers in our audience! | tell you in the United
States — | only have the figures for the United States — 3
billion tubes are made each year in which we collect blood
and analyze it. So it is one of the major ways of being medi-
cally examined. Yet, the story behind blood collection tubes
has many twists and turns, as | will explain. Here is the story
of how | became involved.

Dr. Raffick Bowen (Figure 1), who is head of the Stanford
Hospital in-charge of drawing and analyzing blood, came to
me and he told me “I got a problem. Help, can you do some-
thmg? | used to be able to use glass for my blood collection Figure 1. Dr. Raffick A. R. Bowen, Department of Pathology, Stanford
tubes but1am no longer allowed to do that. Doctors and nurses \ University Schaol of Medicine.
keep dropping the glass biood collection tubes on the floor
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pulls molecules
out of our
blood samples
and interferes
with our blood
analysis. Can't
you make the
plastic act like
glass?”

| was
surprised | was
asked as | am
not known for
my prowess in
chemical syn-
thesis. | did
have a reputa-
tion of being willing to pursue problems outside my field of
expertise. | did remember some organic chemistry from long
ago, and | was able to convince a graduate student of mine,
Samuel L. Kim (Figure 2), to give this problem a try, and very
quickly something worked.

I'm going to tell you about how to change the surface
of blood collection tubes that are plastic, from hating water to
loving water, that is, to transform the surface from hydropho-
bic to hydrophilic. I'll go through how this is done.

Let’s begin with the importance of this topic. It turns out
blood collection and processing are the two major pre-analyt-
ical steps in clinical laboratory testing. If you look into where
the errors in blood analysis occur, often it is caused by the
blood collection tube, as revealed by a brief history of this top-
ic. At first, people started using reusable glass syringes with
steel hypodermic needles. Those were the first devices. And
the glass syringes were expensive to manufacture and they
could easily break. What ultimately prompted the replace-
ment, however, was not that fact, but rather something which
| think will be obvious to everybody. You don’t want to keep
using the same needle in people. And this led very much to
outbreaks of hepa-
titis.  Since the
1940s, people have
used  evacuated
blood  collection
tubes because they

Figure 2. Dr, Samuel L. Kim, my former
graduate student, who is presently at UCSF
Medical School,

stick injury and you use it all at once and throw it away. That's
been the hope of this. So far good.

Glass evacuated tubes containing anticoagulants were
commonly used from the 1950s to the 1990s. Anticoagu-
lants stopped the blood from coagulating, from thickening.
You think this is easy. It's not easy. They started by using the
wrong form of glass. They used something called soda lime
glass and it would actually leach out things like calcium ions
that would interfere with the tests they were doing. So they
had to stop that. And then another thing happened. And this
was more recent, at least in the United States. An organization
called OSHA decided that it was unsafe to use glass in hos-
pitals and clinics. Why? Because doctors and nurses would
drop the blood-filled glass tubes; they would shatter, and then
they would cut themselves on the glass and could become
infected. So now in the USA OSHA has demanded that blood
collection tubes be made from plastic. Plastic doesn’t break
when you drop it. That's of course good — like plastic milk
bottles. The same switch has been taking place in many
places. So that's what’s happening.

They’re manufactured through an injection molding us-
ing what are called polyesters. I'll show you what those are.
These are polymers, most commonly being something called
polyethylene terephthalate or PET. You've seen lots of bottles
with PET as its name or combinations like that. And now what
is it? Figure 3 shows the chemical structure of PET.

There is a linkage called a polyester linkage that con-
nects the rigid terephthalate group with the flexible ethylene
group. This is where an acid and the base would react to form
an ester. Notice that this motif is repeated again and again;
that's how you make polymers.

Polymers are an amazing thing. If it weren’t for polymers,
most of us would lose our clothes and be a bit embarrassed. So
much is done with polymers today, including these tubes. So
here’s what's good about them. Compared to glass, plastic min-
imizes exposure to biohazardous materials following breakage.
It has a greater shock resistance, it tolerates higher centrifuga-
tion speeds, people spin it around, centrifuge it. The plastic tube
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mined blood vol-
ume and switching
between tubes for

Flexible Rigld
** Polyester unht is highlightad.

0
Tl n L

fo—cn,—cn,—0—c c-} & ) o =
O BEG e

terephthalate
group

ethylene
group

additional samples
pose a lower risk of
spillage and needle

MOLECULAR | RONTI [OURN e | une
© The Author(s)

Figure 3. The PET family of plastics. The main characteristics of the PET family of plastics are their easy processing and
resistance to impact and chemical agents as well as their transparency and ductility.






