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This was the paper that introduced tetra-
methylsilane (TMS) as the standard proton
NMR reference. Further, it demonstrated
the advantages of the intemal referencing
technique over the accepted but largely
nonconvertible extemal referencing meth-
ods used at that time. Finally, in it the
TMS-based r-scale of chemical shifts was
proposed, [The SCI® indicates that this
pager has been cited in over 515
publications.]

How TMS Put NMR in the
Organic Chemistry Lab

George Van Dyke Tiers
3M Corporate Research Laboratory
St. Paul, MN 55133

lanuary 8, 1989

3M had just bought our first NMR,
Varian 40 mHz, which | knew would be
of tremendous value for structural analy-
sis of our fluorocarbon com s,
Though | had no background in NMR, |
had read the publi papers; apparent-
Iy protons offered no such opportunities.
As my initial luorine work was poorly re-
producible, 1| phoned John Zimmerman
at the Magnalia Petroleum Co. in Dallas,
Texas; his advice, which was by far the
most important help ) received, was to
get a frequency counter to measure the
audio sidebands. These were used to de-
termine the position of any signal relative
to a reference.

Subsequently, when a coworker asked
me to look at some unusual solid proton

compounds, ! found to my great surprise
that r‘s)idmilall;l structural features h‘}d‘hlghly
reproducible peak positions relative to
the solvent, though not to the traditional
external reference. Within a day or two
I knew that internal referencing was ex-
tremely broadly applicable (thanks
to the counter) gave

reliable measurements.

The choice of a reference substance
was next and took about half an hour. Re-
membering a comment made at a meet-
ing (by H.5, Gutowsky) that methyls on
silicon were h?hslr shielded and knowing
the stability of silanes made this easy.
Very shortly an American Chemical So-
ciety abstract was submitted, followed
this paper. Jts imporiance is atiested to

the fact that, despite 30 years of fab-

ulous improvements in NMR equi';:nem,
tetmm:rrylsilane {TMS) remains the stan-
dard internal reference for proton NMR
spectroscopy. Furthermore, publication
ofthispafer rs to have aided NMR
to move from the realm of the physical
chemists into the organic lab. Indeed,
TMS and internal referencing have been
so universally used? that there is no need
for modern references? to this paper.
(The third contribution was the creation
and precise definition of the TMS-based
r4cale of chemical shifts, now in disuse.
By contrast, the symbol d was then, and
is, today, still used indiscriminately in a
variety of units and zeroed to various ref-
erence substances!)

As it turned out, Nugent F. Chamber-
lain, at the Humble Oil Co. in Baytown,
Texas, had for some time been using in-
ternal referencing (albeit without TMS
and less precisely). He had sent in a paper
to Analytical Chemistry that had repeat-
edlr been rejected for its presumably
faulty technique. It was only after he
could cite my publication that his was
accepted.3 Such was the state of NMR in
the late 1950s.
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