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Chemistry and music may seem an odd duo, indeed. But music has a home
in the brains of many chemuists and other scientists, including individuals
who perform at world-class levels. What explains the link between pursuits
that seem a million miles apart?

Home in the Brain

{Sung 1o the tune of Home, Home on the Bange}

(liy, give me a brain

with the dendrites free reign
o conect and forever to play;
Wihere prusic is heard

to reinforce every word,

and all sorts of knowledge to gain!

Home, home im the brain

Where the dendrites hive free reign
to conmect every thought

Juest the way they were fawght

without any struggle or strain.

—Lyrics by llinois schoal teachers Mo
Orwens (ACS "85, Mary ko Loffelmaches,
Sharon Martin, and Lisa Owens.
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ne enduring image from the
():nn;ﬁs o pseudoscience is the
“phrenmslogical hezd,” 3 map sub-

divided into plots indicating the hypothe-
sized location of a person’s strengths,
wiea knesses, and proclivities—a paich of
“mendfislness” hiere, a biob of *wit” there,
a rectangle of “cansality™ there.

Althoogh phrenology has lomg beem
abandoned, 3 medern-day praciitiomser
surveying saentsts, enganeers, and mathe-
miaticians for interests and talents wombd
be likely to dovats substantial portions of
cranial real estate o science, mesthematics,
and mmsic.

hbsic heas 3 horme In the brains of mmany
supcoessfl scwntists, inchuding Bhose per-
lrming at impressive mmsical levels. A look
al the "day jobs” of competiters m the Van
Clikrrrm Foundatson’s lagest International
Competition for Outstanding Amateors
showys that aboot one-third of the 73 par-
tcipants were physicians or other health
prefessionals, engmneers, compuier cuperis,
and scientists—inchiding two chemists, one
of whom tied for first place.

The fact that there are s0 many masically
talented scientists raises some INiTZminGg
questicns about @ possible ink between
soemoe and omskc, such as whether therc’s
an overfap of skils that contribule o an
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affunity amd ability for both muosic and
science, oF il early traiming in music cn
affiect the devebyping brain in ways that
contribute to scientific abilities.

Dual giftas

Chermists with mmisic on their minds have
mirde their marks in both discipfimes.
Perhaps the field s most prominent
chemist—musician was Alexander Boradin,
wh o achieved distinction as both an organic
chiemist and 4 composes of symphondes,
chamber rmmsic, and the opera. Prince por.

“Horedin was a really good and insightful
orgeamic chemist.” said ACS past-presicent
Romatd Breslow @ ACS "5 b, a distingaished
chemist and muosician in his own righ.
Another distingmished compaser, Sir Edward
Egar {known for “Pomg and Ciroamstance™
and] the "Enigrma Vartations"} was 2 keen
amatewr dhemist who conducted
experiments in 2 home Biboratory.

A remarkable mamber of modern
chemists also have demonstrated 2 takent
aned affimity for mmsic. Chemist and Bwvenbor
Amold O, Bechman (ACS "27), who founded
Beckman Instmaments, performed as o
mwvie- howse piamist and sarted his own
archestra in fugh: schooll, Nobel laoreate
leam-Mlarie Lehn (ACS "61), who plays the
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piano and organ, reporiedly has three
plancs al homme, inchuding 2 Steimway he
bounght with his Mobwed Price money. And the
fate Dhomald Cram {who shazed the Nobel
for chemistry in 1987 with Lehn and Chares
Pedersen, carmied firewood. emptied ashes,
and shoveled snow fior music lessons and
later plaved the gutar to break the ice i
chemastry classes he tmghtL

For some, the siren song of masic finadly
cmerts an even grester pull than science.

Victora Bragim (ACS "0} began stodying
paangs al age 8 in her native Philippines.
Chermistry came into the pictare after she
saibad through semior-level college mmsc
courses and exmed a nmisic diploma at age
16 She earned 2 master’s degree in chemsiry
at the University of Wisconsin, where she
et feer futare asband, a fellow chemistry
student. usic remained a vital part of her
lifie, a weltome courderpoint. 1o her work as.a
chemastry professor at Pasadena City College
and sobsaquently as @ program director m
ihe Mational Scence Foundasion’s Division
of Unedergradnate Bducaticom.

But winnimg first priee in the Vin
Chbuarn ama toar compefitien in 2002
mearksed the tuming of the tide. Now
Bragim is largely metired from chemistry
and is refishing fer new role as masician-
in-residence ol the Hunimgton Moseum of
AT im West Virginia

Common ground?

Manist—viokintst—chemist Melvin Chen,
wiho earmed a dodiorate in chemistry from
Harvard Umiversity and a doubhe master’s
degree from Jmlliard in vielin and piano
periormance, has the mmmsual distinction
of being both a professor of monsic (at Yale
University ) and @ visfing professor of
mmsic and chemistry ot Bard Collepe. An
elmilient Renaissance man, Chen sees
mch comanoen ground between scemnce
arid music

“For me, they're both ways of searching
for knowledge in the world and the truth
of the luman experiemsce,” he said.
“Science looks at how the world workes in
2 gystematic ways 2l ommes at itina
Complementary way."

Chen sexplamned that both perfomming
music and deing science requine disapline
and 2 certain absility 1o take individual
pieces of data or individuad notes and svo-
thiesize them into something coherent.

“If's imporiant to conceninate on both
thie Iittle things and o see the big pichare,
to fiocus on both the specific and the pen-
eral” he sad.

Music and chemisiry akso have in oom-
mion the fact that they use sbstract sym-
eols, which combing imto an abstract
langmape, said Chen

Experts who study how the brain

YICTHREA BRAGIN (ACE 90| bagan smadying plano at 3ge & 30d womn (1St prize tnthe 2002 Van Chibum
QMmN Competinan.
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BONALD BRESLOW |ACE T1) 5 Biented plankst,
beem known a0 “Bump guys of plaoos In bars” jor 3
chancs 1o play.

ProCEssEs Music agree. Musicans and
mathematicians both excel in manipolating
abstract symbols,

“Whether 1t's usang numbers or using
musical nofes or usng ketters, one has to be
able 1o stning those symbols together in a
Wiy Over time that conveys some sense of
meening, sad Mark mde Tramo, director
of the Institote for Music & Brain Scence
at Harvard Medical School, who both plays
guilar and composes. "One of the preal
tademis that ferrific musicians and chemists
bave 1s the ability to see bevond the imime-
diate next slep in 2 sequence”

Fioir some chemmict—musicianes, mmasic pro-
vides a catallvst that facdistes their ability to
keape ahead mentally.

“F'we foumd mmsic helpfial whem [ was
working in the lab”™ said Chen. "When | had
1 problem that | couldn’t figure onat, | wold
practice the piano For 2 whide and find ['d
have the answer—whio knaows how?™

Playing music cim be a redief from diomg
soienice becamse it enpages the brain 2 way
that s not consaoushy anabyhic, snd Bresiow,
whi fvors improvisational playing and
clairms to be *infamans for lamping goys off
pianos in bars” fo play. Bresiow's love of
msic and talent as 2 pramisz are so well
fnowm o codleagmes, in fact, that they com-
missioaed 2 piEno composition for an an
all-day symgposmim held in 2080 to mark his
Tith birthday znd contribiiions to chemisiTy.



The ttle: * Liberatimg Chemistry from the
Tyranny of Funcional Groops.”

Though music is “enormously relacng,”
said Breslow, the analyvtic part of the brain
may be working quietly in the backpround.

Music and the brain

In receni years, there's been a flowering of
resgarch, musch of it by meurcscientists who
are skilled mmisicians themselves, into how
the brain processes music and mmusics
effiects on the brain. Researchers who study
the brain stress that while ivs possible to
locafize some aspects of mmsic processing
i gpecific regions of the brain, listening 1o
and ‘playing musc are cHnpler processes
that imvolve memory, learning, emotion,
and {especially for playing} modor skills,
meaking it likely that many aras of the
braim are imporiant in expenencing the
emrtional riches of masac.

frest the act of listening to muasc 1s an
impaessively compex activity. "People have
no idea just whal geninses they are in lerms
of what they do when they tm on the
radio and l#sten b mmsic,” said Tramo. The
operations imvolved n apprehending the
emotion of 2 Moz comcerto, for exnmple,
are very complex, and are carmed bya kind
of relay systemn in the brain, he explams.

First, the brain collecis and processes
sensory inpt, the kind of data that neaches
the reting or the ear. Saentists have known
fior some time that the par of the brarn that
Teeives sensory impui—sight, sonnd,
tomci—Ilays this information oat in 2 mep-
fike sy, which enables the brain to proces
relatave distances between, say, fwo objects.

Hecently, neurascientizt Petr anata and
cofleagnes a1 Dartmonth College found the
brain not ondy maps mdividsal pitches | fre-
quencies) bat alse the 24 major and mimar
keys 1 Weslern mnsic, some of which we
perceive as being more similar to each
other than others. lanata and his colleagues
umsed! 2 braim imaging tec hnigoe called
functional magnetic resonance mmaging
(BT 1o track the brain activity of vwhn-
teers as they listened 1o 2 uine that moved
thromgh all 24 major and minor keys in
Western monsic. “We foand that the

PETR JANATA found that the brain nat oaly sesps
Indbvitusi pHchies Prequencles|. bt also the 24
m3{0r snd minar Key's In Westem mumsic.

RS RS TN

MUSIC ON THE MINID, dspicted in 2 graphic. from
Petr Jansta's Qromp, which round that the distaoce
TelaHonships smang Me musiczl kews (bow simila
of diferent they are i each oiber) can e regre-
sented on fhe surface of = tores, or dont shape.
ThE greup has found: and mappsd the area I the
brain that processes =nd irad ks mus|c. This lecs-
flon [5 ais0 acllve during rea sening 2nd mamary
retrieval Jamaty's groop ussd hincansl mapnete
Tes0 nanc€ Imaging (MARI) io map brein sciivity
whils volunteers lisiened to @ pece of afginal
BiskC The TMALS Indicated Sl Knowiedpe abou
the harmunic: relatio nships of music s malntined in
fhe restromedial prefrontal cories, wihich & can-
iradly Iocsted, Mokl behind ihe forehead. This reglen
i5 Connectes i, bt difersnt from, the lEmparl
lobe, witkch 15 invalwed in mors basic soond pre-
C2ssing. The: 1eglon s Imporiam for 3 numi-er of
funclons, such a5 a=simist og Informeton Ghat s
Imponant b ane's sefl, of medisting Imerzctons
erwEsn emdllonal @nd non-emolho e It
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distance relationships among the keys (how
similar or differemt they are to each other)
cagn be represented on the surface of a toms,
a domat shape,” he said_ (See graphic: | This
map for pmsical activity is inan area o the
fromt of the brain that some researchers sg-
g5t plays a role in introspective thinking.

“To some extent. 3 certam amoant of
introspection amd creative characier in
science is consistont with mosic” said
Brestow. "Hoth performing and doing science
require a lot of time alone”™ To keep one's
skillls polished, he said, musicians reoquire
practice time aline, and “scienoe, 1 Some
extent, i5 2 lonely profession that requires 3
tot of sitting quistly and thinking atsout
what things mean"

Playing an imstmument or singing makes
additional demamnds on the braim. Skilled
Tasickans reqaine impressive motor skills,
and the maovemnent of fingers, hands, arme,
lips and = on & directed by specialied
mestor ancas of the cerebmal corter. Thie bran
abso has 10 indegrate the sound a masican is
producing and movement, interpret toach
information (froem fngers or lips and mouth
as they work an Estmament |, and process
the emotional Tesponse o msic.

Lisa Saunders Baugh { AC5 90}, a poly-
meT chermist=violist=viofinist who recently
wmed Chemrisity's editoral board, said she
Bt surprised that performing masic
appeals to many scientists. She is with
ExxonMobil Corp. Stratopic Besearch in
Annandale, Nl

“Brientists (e to thamk ahonat multiple
thimgs, to be challenped,” said Baugh, who
plave violin and wiola im chamber msic
grovaps amid with the Central Jersey
Syrnphomy {2 sermipra group) and a com-
mumnity orchesiron. “Playing in an orchestra
takes every ounce of comcentration you
have,” readimg thee mmsic, watchimg other
people, making precse physical movemends:
wilh arms and fimegers, and matching the
sorand of one’s metmment with that of 70
othver peorple. This intense focos “totally
wipes everyihing else out of my mind,” said
Bmagh. “1t's the enly thing that is imense
encuph to do that”

Domplas O Meckers { ACS "59), a photo-
chemist 3t Bowling Green State University,
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appees that an intense focus i something
science and music have in common, He
smgs in an Anglican professional choir that
travels to England 1o perfosm in some of
the couniry's great cathedrals when the
resident choirs are on vacation.

“Wou have to be very imbense to be sc-
cesstul m either dascpiine” he said.

The braim interparels the anditory infoanma-
LEOT i Teceives, an ootivity that insolves pro-
cessing mary bypes of mformobon i
addition to the suditory data. The common
fimal pathway in thss netwesrk of rday stations
beads to the andent strochares in the broin
that functiom a5 the organ’s amotonal centers,
said Tramo, and the resulting emedions ane
the embodionent of the aesthetic experience.

Commen threads

Somee scien Est-mmasicians suspedt thak an
appreciation for logic and stractare, as well
a5 an affmily for mathermatics, may be a
common thread in science and mmmasic.

MELYIN CHEM. renowned planist-vofinist-chemist, @amed 3 dociorsie |n clemisny from Rarvar Un vensdy
and & deuble masier's degree irom Jollllznd ko vialln and pano.

“There 5 a logic o music and there s an
art §o soence” sxid Kenneth Iofls, a profes-
sor of chemical engincering at fowa State.
He's an scoemptished vibraphone plaver
who's performed with symphony orches-
tras, paez bands, and other gromeps. Jolls
recently performeed and talked abont the
physics of the vibraphone at the Cormelia
Street Cafie in Mew York's Greenwich
Vilkage a5 part of o monthly program
calliad *“Enterlainang Science.”

Oirganized by Mobel Prize-wanmng
Cornell Unaversity chermist and poel Roakd
Hoffmann (ACS "63}, the evening brings
together the realms of art and scienoe—
readms that have human creativigy in
common. fells needs no persuasion that the
arts hove a role to play in science education.
“Bowhere 15 there o better example of art in
scicnce than in classical thermodynamics,” a
subject he teaches. Visnal images of thermo-
dymamic miodels “give you semitangible
entihes to fe te things that are perceived
otherwise in the blind absirac:” he said.

N T

(On the other hand, he finds 3 grasp of
the abstract aiso provides a dimension o
masic: 1 was formally a theory maior in
msic schiend, and 2 mathemastical mimd
certainly helps one apprecate the order
and regubarity of mmsic,” explained Pols

[ravid Schuaster ( ACS 56, @an organic
chemist 3t Mew York Universily and an
accomplished pianist, said that both disd-
plines e an aesthetic appeal, "We alk
aboul a priece of research a5 'an clegant
prece of wark? said Schuster, whose parfic-
mlar irexsmre is his “magnificent 7-fool
Steinway grand piano,”™ an msanument pre-
viously owned by publashing magnate
Alfred Koopf. "An idea that is “elegant” has
mberent appeal and beauty” Fart of that
beauty can be refated bo how a piece of
musk of Tesearch is put topether, he sad.

“It takes an organized mind to play
plane,” said Schuser, who sometimes
brings a score (0 COnCErts to se how the
music fits together. " Yo bave to learn how
io put together the logic of L™

Bireshow seconds that idea

“IWhsic feas 2 wonderfuol inteTior strac-
tare,” he said. *For a scienstist, music sa
reminder [of ] how mizch interesting stroc-
e there is in the workd”

“There’s 2 lot of math to masic.” sid
Trama. “[f yvou have to change from one
key to another, if you have to learn the fret
bogrd of a goitar or 2 piano, you're always
dealing with diszances, scaiar magnitudes,
rafaos; elatonshps among nodes, things
that are very miech redated to simple and
recursive operations that go into a lot of
what we think of 25 math” But different
forms of math, and different aspects of the
comnplex activity of msic, invalve dafferent
parts of the braim, he said.

Fhus, somethang like algebra would he
apt to mwvolve the left hemispbere, wihich 1=
speciahyed for speach, wnbng, lingnape,
and cabou fation Runctiens, while peomety,
which involves spatial snformation, s likely
o involve the nght hemisphere, the side
dominant for spatal abilides. The same is
likiely to b troe for momsic, so that activities
like playing by ear, composing. reading
miEsE, of Enging songs will recrmt differ-
ent arens of the brain
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Craving music
Wiy do humans have the capacity to make

and enjoy rmnsic?

The topic mirgoees rescarchers. Some
sugpest mmsic 15 just 2 serendipalons evolu-
tonary by-product of other perceptual and
maotor abilities that are crucial for survival.
Others sopmest that mmsic’s ability to
enra piure, send shivers down the spine,
and bring tears to the eyes might promate
our physical and mental well-being.

“One camt escape the Fact that music is
something ourr brains seck out”™ said Janata,

Researchers at the Momtreal Moarological
Imstitarte and Hosgital have foand that omsic
activates nemaral pathways in the brain that
are assocmabed with enphonia and reward,
areas that are sotivated by pleasarable acti-
s anch a5 eating o7 sex. [t's possable that
sk lowers stress by adtvating, pars of the
brain that make us happy. There's akbso a o
of anecdotad inferemation: suggesting that
mmsac mighit have a mole im pain
manEgeTenl; n ireating premature infants,
ard in bowering bieod pressare, said Tramo.

O hypothesis. sizpests thal music
evohved to promote social cobeston
“Humanity wonkd never have made it af il
didn't form bonds, so there has to be a set of
events that we can 2l shage,” s33d Trama.
“Look at owr oculbare, there's nothing
hrmeans do, mot ewen 1 basehall game, that
dos il imvobe somme rital refated to mosic”

DOUGLAS ©. NECKERS (ACS 58], 2 photochemsist 51
Bowling Green State Universety, sings In an
Angilcan professionai chelr thal peramms in the
United 313les and the: Unded Kingdom

Is Music Good Cross-Training?

Pénurnscientists have detectad a number of Gtrurfurs] ARTerEnces in the brsins of muslclans thess
findings siggest that musicsl iraining £an iMugnce brain nrganization and stly.

= Seeeral areas of Ihe Drain one Esrger in adulls wiho play missical instruments tham i nonmusicians,
These Inchide Gress SUCH 15 the primary mobor Cone and e Cansbeliem, which ane imecived in
movessent and coordination, a5 wel a5 ‘the corpus callosus, 3 large bama of nerve Abers that inks
Ine twsx EMESPReres of the brain.

= & larger proportion of the audicry Coex Wl brings MUSE: #nd spesch it Consclous expen-
eNce} respoands o plano bones | oowt mEsiclans 25 compared with nonmusiclans The eaier the
age at which T muslskans nad begun | Essens, the mone enlarged e Swa. Follkae-up resear
revesied Bt the brais of musicians & sepecislly SHEMVE to e Snunds of the Instrumens they
piay; & EIFger ares of 3 WKARISTS bren responds (v heasing vn sounds than it does o haznng
frumpet SOUNGS, 200 VICE VErEE.

= In brained yinknists, the area ol Se somatosensocy cort=e [which infarprets nacs knformstion|
cormespondng to the foor ingers used 1o press down on viokn stings i enlarged.

= Trained musicians taid 10 use more of the lef, Snafyilcal hall of their brains for processing musho
han nonmusicians.

Ercinnliels 2w 2isn Seng wisTher the BFoin changes oaan in musiclane amance momal
Funcilons not assockaiag with music—in oifer Words whether music senses 25 8 kind of ¢ oss-reining
Piar S50 breén.

= Ariults Wi musical raining periorm Defier on word memory bests thun oiher gdeits:

= PrEsCNDMErs wWhi NE: hail (00 B550ns jr Soul =3 miihs periorm beter mEn meir
COUNETESLS 0N pUIEs-Soiing bests.

= Eacond-gradens wiho pl oyed special computsr math gemes and 0ok piano kessnms scored highes on
math tests fran stodents wio piayed e 5ame CONPUET ganes b had English langusgs Mstnwion
rether than péano essoms.

= Chilgren whio has musical Irséneng foroms i AvE Y2 hat signiticanty. better werna memory than
SETDDImEES WRRd SUCh traming—ang e omger e Araiing. Me better fe verhal memary.
The reesafchers sugqest that music has @ dnd of (ross-traming: efieck The extra simaiedion irom
Sy MUl {5 [P ke hemispners of the craim, the ske Mat feadies [BRquage, BODSES IS Sbety
i hanele ather i=fi-nemisphere funclions, such as vareal leaming.

= "Thares 0 way 1018l O such studies have someEing to- do wet specific: cognitive functions vilved
In mysic and math,” 53l Tramo. "0 ey mey relste o oiher so-called gensral purposs cognilive
mechanisms dks stenion, memory, Mt 2B nvoyed i Isnguge and ab Sors of ciner cognitve
potiwtes. Bit oy 00 SUNRS! NGt MuUSIC C50 Q0 hrain mechamsms e I thesa ohar

PrOCESSEE E0G LA CONCENably improve em.™
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Many chemist-musicians wonld endorse
the notion of Tmasic as an epporiunity to
conmect with other people. Frank Mallory
{ACS "58), an organic chemsi—cannehst at
Brym bawr, belongs 1o an kind of pidk-up
growp of like-minded schentisi—mosicians
called the Borodin Ensermble. It inchodes
fellow orpanic dhemmsts Diavid Schmster and
Jerrold Metnwald (ACS *48), from Cornell.
Mallory abso plays chamber music at Brm
Mawr and spends a portion of each smm-
mer in Benmington, VT, playing at a cham-
ber rmusc conference,

When Meeinwald is invited to speak 2
meckings or give @ semimearn, he offers bo
throw in a program of chamber mosic fea-
mring hims=f on fute, his wife on piano,
and any local talent that can be lined ap.

“Playing music provides an opporbanty
to imteract with musicians of any age and
imm entirely different walks of life,”
cxplained Meinwald, 1 septuagenarian who
studied with legendary French flutist and
teacher Marcel Moyse. [ have wery Lilgke in
coanemon with @ college Freshman, bat
when playing music, that doesn't matter.
Yo can hawe absobabe rapport”™

Periodic Table of Music

In 1823, Engfisn chemist.Jonn Nestands
propossd e “Law of BoiEves,” SMEr amang-
Ing the glements Im orderof incressing Jomic
macs. Wilks 3 nod to Weslem maslc, ha
suggested Ihat CSmics progertes alin
repaat wilh every elghin ehament.

The basic scsa m 'Westem music nas =
PETIGECNY of Sgnl noies, an oo,
NEwlanas™ MECTy s lang Bly MEE WitH scor,
and 5000 T was SCApSED by Dman
KeEndelBgw's proposed perlndic bl of T8
Blements m [BEE.

But mizh of It proved i be frue. Newisnde
systam wasks for ez ighies elements, be camse
sight Blectrons camplete e outar shell, b
Iatiad to work for the ransion matsts.

Cther researchers supgest thad mmsic and
{angnape co-evobeed and ame closedy entwined.
“Pitch and melody ar nsad 1o comey mein-
g the very nadnge of aman and vocal
comnumamnication is masicl” sad Tramo

Vhatevier the reason music evolved, and
witsbever lenks mouosic shares with the
scientific emterprise, the mam reasen soen-
tist= crave mmsic is the same a5 for s all.
meakies s fiel pood.

“Seience is mtellectually challenging, and
there are sceentific sides of mmsic which are
certainly important imtellectoally,” said
lolis. “Bat the reason 1 play and listen to
mmsic is becase it soamds 50 Eood.

“1 don't Rhink 1 would ever shuad a tear over
sciemce, bt amyone who nnderstands what's
goiryg on insome of te Verds and Poccini
operas and keeps a dry handkerchief all the
wialy through—veell, wekoome o the grave”

for Siephenson fourd ohis wopic right in her
Barmwack. A Chicago-baséd sciemoe Wrider
wihia has @ PR, i iolegy, she 5 a fTuwist
Cmie of fer [rrothers isan asmopdysicist and
Bsspomnist, and dne ooher a cherrical emgineer
wiha plays e saxophone

FRANK MALLORY
|ACS "52), 30 erganic

. chemist-cizrmetst at
w8 ' Eryn 3w pEays i

the Barndin Ensemibla,
8 [FOUp Of SEl entel-

JERRDLD MEINWALD (ACS ' 85) (rightt], 3 Comell organic chemlst and Eoredin member, studled with lspendany
French fudst Marcel Moyse. Thomas: Elsner | [ef],. the Jacob Gould Schumsan Prafessar of Chemicsl Ecology 3
Cormell, Is 21 ihe kerpsichond
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