For the past 200 years violin makers around the world have
sought to produce violins that would rival those of Stradivari and
Guarneri made during 1700—50. Could, for example, the chemical
treatment of the wood, intended to kill woodworm and fungi,
have imparted the characteristic brilliance and low noise level
- to the tone of the musical instruments made in Cremona, ltaly?

CHEMICAL PARADIGM'# COULD ONLY
be proven by material analysis of samples
taken from the famous instruments of An-
tonio Stradivari and his chief rival, Joseph

‘Guarneri (known also as del Gesu). Such analy-

\ ses would need to focus on the methods of wood prepara-
| tion and finishing technologies, and how these differed from
those of later periods. Unfortunately, the owners and restor-
ers of these famous instruments have remained cool to the
| idea of handing aver their treasures to a chemistwith scalpel
] andhypndermic syriugetnhnnd. During the past 30 years,
- however, I have managed to acquire a handful of authentic
specimens. While these do ouw one to generalise about

the diverse chemical methods that could have been em-
ployed in Cremona during ) centuries of its golden age,
the limited findings of my group are exciting since
they fit into the historical e tions and have stimulated re-
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‘Antonio Stradivari: a craftsman at work

deeper layers of wood. Moreover, violin mak-
ers tended to limit themselves to one agueous
brushing lest they jeopardise the integrity of the
glue joints. Nevertheless, we decided to exam-

ine the organic constituents of the wood, which
is made up of cellulose (repeating glucose units
connected by oxygen atoms), hemicellulose, and
lignin (a phenylpropane polymer, and the non-
carbohydrate component of wood).

IR analysis of wood slivers
the non estmctiveanalysisafthe oldwoad
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In 1958 Joseph Nagyvary’s neighbour and
violin maker Amos Segesser expressed a
wistful admiration for chemistry, which he
felt would hold the key to finding the se-
crets of the old master luthiers of Cremo-
na. Since then, Nagyvary has been doing
research in this area. During his many
trips to Italy in the 1960s, he noticed that
wooden artefacts were riddled with wood-
worm, except those from Cremona. He
reasoned that the Cremona wood must
have been preserved, and was soon in-
vestigating the connection between the
chemicals used to preserve wood with the
great acoustic effects. Among his many
investigations, Nagyvary has considered
borax, an insecticide and crosslinker of
polymers, which would make the wood
tighter and harder, and sound more bril-
liant; various sugars from the plethora of
fruit trees in Cremona, which could have
been used against mould; fine quartz
powder, which could have been added
to saturate the wood — woodworm won't
chew crystals — and many other fillers. He
comments:

Personally, having entered my seventies,
I take great comfort from the fact that
Stradivari’s best period began in his
seventies and continued throughout his
eighties into his nineties.... Inspired by
the past and recent results of the chemi-
cal analysis, we have made so far over
150 violins by many variations of the
aqueous processing and composite
finishes. Their evaluation began with
positive comments by Lord Menuhin
- who owned a ‘Nagyvarius’ - and Isaac
Strern and is being continued by several
young virtuosos.

Fig 1 EDX spectra of: (a) maple wood from a Stradivari cello; and (b)
recent maple wood. (Both Spectra represent the average of 10 scans.)

Fig 2 SEM of: (top) natural
wood: (bottom) treated wood
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The finish on American virtuoso Gary Carr's double bass, which was made in
Cremona in Stradivari’s time

D. Busan - contained significant quantities of
K-silicate. We looked at more than 200 particles
in the electron microscope and identified 24
mineral species. At about the same time, Barlow
suggested tentatively, on the basis of a single
EDX run,® that Stradivari’s filler could have been
akind of volcanic ash. Although the presence of
some ash cannot be ruled out, the transparency
of the finish rather suggests that finely crushed
mineral crystals, like quartz, calcite, feldspar
and gypsum, were the main components of the
filler powder in most instruments.

Two remarkable attributes of the Cremona
finishes impressed me when I had the chance to
poke them with a hypodermic syringe. (In addi-
tion to the violin, viola and cello samples I have

Fig 3 The

varnish

Stradivari
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already mentioned, this year I was given the
chance to examine a famous double bass made
by an unidentified maker in Cremona. This bass
was once owned by Serge Kroussevitzky and
currently by the American virtuoso, Gary Carr.)

First, all coatings on all the instruments were
extremely brittle and fractured like thin layers of
ceramics. In contrast, modern varnishes remain
cohesive like plastics. The double bass varnish
was the most fragile. This varnish lacked the soft
outer layer found on the Stradivari and Ruggeri,
which were almost certainly applied by restor-
ers. This soft overcoat gave enough cohesion to
the square millimetre sample area to allow me
to uplift a fragment from the deepest filler layer
all the way to the top. The cross section of an ex-
ceptionally beautiful Stradivari varnish, which
was photographed for us in a light microscope
under crossed polars by Dr Robert Muggli of
McCrone Associates is shown in Fig 3. Unlike
the popular French varnishes, which are quite
homogeneous, the varnishes of Stradivari and
Ruggeri, who happened to be neighbours, had a
clear separation of several colours and different
particulate matter.

What also impressed me was the fineness
of the particles within the varnishes. This is es-
pecially true for the Stradivari varnish which is
made up of microcomposite (see Fig 4) or even
a nanocomposite matter. Producing the refined
micron-size powder by the primitive grinding
and separatory techniques of the period must
have been difficult. To the extent that the chem-
icals procured from the drugstore had a major
influence on the acoustical outcome of the fin-
ished violins, the local chemist could be viewed
as the unsung hero standing in the shadow of
the celebrated masters. Would it not be time
that the chemist received his due credit?

1 can only theorise about the acoustical con-
sequences of the old wood treatment and fin-
ishing technology as they differed from the cur-
rent ones. The vibrations of the violin,” which
encompass a wide range, from the low frequen-
cies to the ultrasound, can introduce fractures
both in the wood structures and in the finish,
causing visible crack lines and invisible micro-
cracks in the interior. This may enable the anti-
nodal points of the plates to move outward with

Fig 4 SEM of Stradivari varnish

greater amplitudes as the cracks open up. The
result would be a musical sound which has both
strong fundamental tones and commensurate
overtones. The much appreciated open clarity
of the Stradivari and del Gesu violins may also
be attributed to their low noise level. The micro-
structure of the wood and varnish, as they were
informed by the chemical composition, may
have generated the underlying noise filters.

Conclusions

What we have seen and deduced from a lim-
ited sampling of famous musical instruments
should only increase our admiration for the
old craftsmen and their chemical collaborator.
Yet it is possible that neither the violin maker
nor the chemist were aware of the acoustical
consequences of the chemical manipulations
which were intended to protect against wood-
worm and fungi. These were not among the
trade secrets they would have passed on to the
next generation, and the change of preservation
technology could have led to a decline of the art
even in the same city of Cremona.

In writing this article I would like to think that
some of you would continue with the unfin-
ished business of acquiring and analysing more
samples from the famous antique instruments
to broaden our knowledge. Perhaps some of
you would be more diplomatic and successful
than [ was on dealing with collectors and restor-
ers, who control access to these treasures worth
millions of dollars.

Joseph Nagyvary is prafessor emeritus of biochemn-
istry at Texas A&M University College Station,
Texas 77843 and owner of Nagyvary Violins.
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