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Infr ared spec tr oscopy is pro bab ly t he oldest spectroscopic metho d ap -
plied to investi gate materials and chemico- physical phenomena . N owadays ,
inf rared spectroscopy represents the characteri zation techni que most applie d
in the industry and in many technological pro cesses. In the last decades a sig-

ni Ùcant progress has been achieved in the use of the intense and brilli an t in-
frared emission from electron storage rings previousl y used only as V U V and
X -ray sources. I n the inf rared range the low energy of the electron beam does

not a˜ect the synchrotron radiation spectral distributi on, w hile high current
w ill make storage rings the most brilli ant inf rared sources to be used for in-
frared spectroscopy and micro- spectroscopy . Inf rared micro- spectroscopy is

a unique technique that combines microscopy and spectroscopy for purp oses
of micro- analysi s. Spatial resolution , w ithin a microscopic Ùeld of view , is the
goal of the modern inf rared micro- spectroscopy applie d to condensed matter
physics, materials science, biophysics, and now to medicine. A lthough limited

in spatial resolutio n, inf rared is able to resolve chemistry using the contrast
of the absorption lines. Fourier transf orm- inf rared micro- spectroscop y using
synchrotron radiation is now able to collect data w ith 2{ 4 cm À 1 resolutio n

on the scale of 10{100 seconds up to an area of a few microns opening a new
scenario : inf rared spectroscopy of entire cells and tissue. Moreo ver, distribu-
tions of functional groups such as proteins, lipid s, and nucleic acids can b e
achieved inside a single livin g cell w ith a spatial resolution of a few microns.

PACS numb ers: 78.30. { j, 87.64. {t, 87.57. {s, 41.60.A p, 87.14.Ee

1. I n t rod uct io n

Observ ati ons and studi es of t he intera cti on of electrom agneti c radi ati on wi th
m atter have pro vi ded us wi th much of our kno wl edge about the intri nsic nature,
the geom etri c and electronic structure of the worl d surro undi ng us. T oday, spec-
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tro scopi c metho ds and photo n-scatteri ng experim ents of a wi de-ranging vari ety
are indi spensable to ols for basic and appl ied research in physi cs, chemistry , and
bi ology. Am ong di ˜erent spectroscopical techni ques perform ed to inv estigate any
ki nd of m ateri als and chemico-physical phenom ena, inf rared spectro scopy is prob-
abl y the oldest one [1]. Inf rared (I R) l ight wa s di scovered in 1800 by Sir W il l iam
Herschel , a Bri ti sh astronomer. Since i ts discovery, IR spectro scopy has always
been a ferti le research Ùeld for physi cists. Chem ists di scovered IR spectroscopy in
the 60s and began to investigate very compl ex m olecular structures. Latel y bi olo-
gists adopted IR spectro scopy and many bi omolecules have been investigated wi th
IR spectro scopy. The 70s wi tnessed a revoluti on tha t has conti nued ever since, as
Fouri er tra nsform (FT) spectrom eters becam e avai labl e to a wi der scienti Ùc com -
m unit y. Am ong many, IR spectroscopy have im porta nt adv anta ges, com pared to
other techni ques, the m ost im porta nt ones are the use of non- ioni sing radi ati on
and the alm ost negl igible damage to sampl es under analysis. As a consequence,
FT- inf rared spectroscopy (FTIR ) not onl y represents one of the m ost powerf ul
inv estigati on m etho d in science but the characteri zati on techni que m ost appl ied
in the industry and in many technological processes. In the last years, the con-
structi on of the new dedicated IR apparatus at synchro tro n radiati on facil iti es al l
over the worl d is going to modi fy the establ ished scenario [2]. Al ready to day IR
free electron laser (F EL) sources are in operati on [3{ 5] and new sources pl anned
to cover also the X- ray range are under design both in Euro pe and in USA. W e
wi l l not menti on nor discuss in the next the speciÙc pro perti es and the chal lenging
scienti Ùc opp ortuni ti es pro vi ded by FEL ' s, the m ost bri l l iant radiati on sources
now avai lable, but we wi l l focus only on researches developed using synchro tro n
radi ati on (SR ).

As is well kno wn, electrons submi tted to accelerati on Ùeld are emi tti ng elec-
tro m agneti c waves. In circul ar high energy storage ri ngs wi th electron energies up
to several giga electron vol t (GeV) the m agneti c Ùeld in the bending m agnets is
induci ng a very strong centri petal accelerati on to the highly relati vi stic electrons.
The accelerati on induces electro magneti c wa ve emission up to several hundreds of
keV. The basic pro perti es of SR consist in:

(a) a bro adband extendi ng from X- ray to the far- inf rared (FIR , i .e. 1 0 < ! <

3 0 0 cmÀ 1),

(b) hi gh photo n Ûux com pared wi th conventi onal sources (e.g., bl ackbody source
for IR ),

(c) hi ghly col l imated beam (i n the IR range up to hundreds of m rad),

(d) smal l source size,

(e) hi ghly polari zed radi ati on (i n the plane of the ri ng), and

(f ) pul sed source useful for ti m e dependent exp eriments.

The high photo n Ûux com bined wi th the highl y col l im ated beam leads to a
hi gh bri l liance com pared wi th therm al sources such as tho se typi cal ly used in IR .
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Bri l l iance (pho tons/ m m2 / m rad2 / 0.1%bw) is cruci al for microscopy where one is
tryi ng to i l lum inate an area as smal l as possible wi th much l ight as possible. The
adv anta ge of IR SR over a conventio nal source when used to i l lum inate a di ame-
ter sam ple area of a m icro meter size can lead up to several orders of magni tude
hi gher intensi ty , parti cularl y in the m id- inf rared spectra l range. Fi nal ly, the last
adv anta ge of SR is due to the fact tha t when sam ples are measured at room tem -
perature, the m ain noise is the therm al background. In the IR spectra l region SR
puts the signal well above thi s background.

The use of electron storage ri ngs as dedicated l ight source in the infrared
spectra l range has attra cted a lot interest since the last three decades. Stevenson
et al . Ùrst di scussedthe SR as an inf rared source [6]. Today, high stabi l ity and the
largest tuna bi li ty are avai lable to scienti sts wo rki ng in the IR region, up to far IR
wa vel engths wi th unprecedent bri l liance at SR facil i ti es [7]. The results achi eved
are astonishing, appl icati ons are growi ng fast al l over the worl d and addi ti onal
faci l iti es have been com missioned or are going to be insta l led at storage rings in
Euro pe, Japan, and USA [8{ 10]. Al so in Ita ly a dedi cated IR SR facil i ty (SINBA D )
is going to be operati onal . Synchro tro n INf rared Beaml ine at D A ` NE (SINBAD )
has been insta l led on D A ` NE, the new col l ider of the La borato ri Na zionali di
Frascati (LNF) designed to work at 0.51 GeV wi th a beam current > 1 A, and
designed to wo rk at wa velengths up to 5000 ñ m . Because in the IR range the
low energy of the electron beam (E > 0 :5 1 GeV) does not a˜ect the SR spectra l
di stri buti on, whi le the IR emission is sim ply proporti onal to the current, SINBAD
pro misesto be one of the most bri l l iant IR sources in the worl d to be used for IR
spectroscopy and m icro-spectroscopy [11].

2 . E x per i m ent a l d et ai ls

IR micro-spectro scopy is a unique techni que tha t com bines m icro scopy and
spectroscopy for purp osesof micro-analysis. Al tho ugh l imited in spati al resoluti on,
when com pared to the resoluti on achi evable wi th X- ray, IR is able to resolve chem-
istry usi ng the contra st m etho d. IR -m icroscopy is a micro -analyti cal and im aging
techni que, whi ch achieves contra st vi a the intra -m olecular vi bra ti onal m odes. The
m etho d is the same used in X- ray m icroscopy where contra st is achi eved record-
ing spectra before and after the absorpti on edges of an element conta ined in the
specim en. W hi le in light micro scopy, image contra st is achi eved wi th sta ins or
Ûuorescent materi als, wi th IR the use of chemical reagents or sta ins is not nec-
essary . Im age contra st is sim ply produced from intri nsic IR absorpti on bands.
Indeed, FTIR m icro -spectroscopy al lows spati al ly resolved local chemical analy-
sis in situ from smal l porti ons of the m icroscopi c Ùeld. Instrum entati on capable
of pro vi ding excellent spati al resoluti on was ini ti al ly devel oped for m ateri als and
forensi c sciences whi le bi olog ical science and m edicine come later. The spectrum
of a sing le red blood cell wi th and wi tho ut carbon monoxi de wa s reported onl y
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in 1988 using a m icro scope connected to a conventi onal FTIR spectro meter [12].
Tha nks to the uni que pro perti es of IR SR such as the great bri l l iance, the lack of
therm al noise, the extrem e col l im atio n, the polari zati on, and the spati al resolu-
ti on (near the di ˜ra cti on l imi t), experim ents may be now perform ed wi th a high
signal to noise S/ N rati o and a resoluti on whi ch are not reachable by any conven-
ti onal source. FTIR m icro -spectroscopy using SR is now abl e to col lect scans wi th
2{ 4 cm À 1 of resoluti on on the scale of 10{ 100 s up to area of 3 È 3 ñ m [13, 14].
An inf rared map is m ade by scanni ng the sampl e in a raster fashi on, recordi ng in-
terf erograms at each point, and then constructi ng im ages at selected wavel engths
afterwa rds. In such an appro ach i t is hi ghly desirabl e to achi eve a spati a l resolu-
ti on as high as possible, al tho ugh di ˜ra cti on wi l l provi de the ul ti m ate l im it. Thi s
di ˜ra cti on- l im ited resoluti on cannot be reached when the m icroscope is equipp ed
wi th a conven ti onal therm al source due to the lack of energy at the sam ple posi-
ti on when closing the aperture down (typi cal ly below 10 or 1 5 ñ m ). Onl y wi th SR
i t is possible to appro ach thi s l imi ta tio n. Indeed SR in the IR range has a spec-
tra l lum inance (bri l l iance) of about 1000 ti m es (or even more) greater tha n globar
sources, and theref ore o˜ers consi derabl y im pro ved S/ N capabi li ti es. Parti cul arl y
for the bi ological appl icati ons, i t is now possible to reach spati al resoluti on at the
level of indivi dual cells. Cel ls vary in shape and size from the most sim ple to the
indescribably com plex. Hum an cells may range from a conÙgurati on tha t is about
10À 1 5 ñ m on edge, and nearl y cubi c in shape, to stra ti Ùed morpho logy, up to
6 0 ñ m in diam eter and 5À 1 0 ñ m thi ck, dependi ng on the organ of ori gin. In Fi g. 1
we shows a photo micrograph acqui red thro ugh the Ni colet m icroscope insta l led at
the 13{ 3 beaml ine at D aresbury . The image shows the focused SR spot of dim en-
sion of 2 0 È 2 0 ñ m used for FTIR analysis. The i llum inated area selects almost
onl y one of the cultured cancerous cells placed on a CaF 2 substra te [15]. Ho wever,
a coupl e of disadv anta ges are associated to the m icroscope m etho dology: the Ùrst
is represented by the use of thi n sam ples. In such a way i t is not easy to inv estigate
al l l ivi ng subj ects. The second is represented by the compl ex ta sk to identi f y al l
the indi vi dual contri buti ons of the absorbi ng m olecul espresent in the IR path and
recorded in a single spectrum .

IR spectroscopy of enti re cells and ti ssue represents to day a new chal lenging
research tha t sti l l requi res a big e˜o rt to achieve the rel iabi l i ty requi red to de-
tect (e.g., for diagnosing and/ or pro gnosing) vari ous di seasesand m oni to r vari ous
di sease processes by f ollowi ng the tra nsform ati on from the heal thy state to the
di seased state [16]. Because IR spectroscopy can detect and moni tor characteri stic
changes in m olecular com positi on and structure associated to the tra nsform ati on
from the norm al to the cancerous state the Ùrst reports in the 90' s claimed the
capabi l ity to detect cancer by com pari ng IR spectra of heal thy and diseased sam -
pl es [17{ 19]. Actua l ly FTIR m ay reveal features characteri sti c of mal ignancy tha t
are not yet evident to the patho logist and hence in the near future form the basis
for sensiti ve diagnosis. Recently, using infrared synchro tro n radi ati on it has been
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Fig. 1. Photomicrograph acquired through a N icolet microscop e, of cultured cancerous

cells placed on a CaF 2 substrate. T he observed illu min ated area by the synchrotron

radiation IR spot has dimensi on of about 2 0 È 20 ñ m.

possible to m ap the distri buti ons of functi onal groups such as pro tei ns, l ipi ds,
and nucl eic acids inside a sing le livi ng cell wi th a spati al resoluti on of a few m i-
cro ns [20]. Observed spectra l changes include al l typ es of lesions induced in tha t
cell as well as cellul ar responses to externa l and interna l stresses. Spectra l changes
combi ned wi th other analyti cal to ols m ay provi de a funda menta l understa ndi ng of
the key m olecular mechanisms induced in response to stresses created by low-doses
of chemicals [21].

3. R esul t s

IR investigati on of biological m olecules, whether in m odel system s in vi tro ,
ti ssuecomponents in sit u, or inta ct organismssuch as bacteri a, has becom ea recog-
ni zed analyti cal m etho d over the last few decades. D eterm inati on of the structure
of a biom olecul e is pro babl y the m ost cri ti cal step toward reachi ng an understa nd-
ing of its m echanism of acti on. Thi s is the case when the molecul e is a protei n,
nucl eic acid, carb ohydra te, lipi d, or bio-membra ne structure. The IR spectrum of
a biological system exhi bi ts wel l-deÙned absorpti on bands (cha racteri stic m olecu-
lar vi bra ti ons) tha t appear at di ˜erent positi ons wi th di ˜erent relati ve intensi ti es.
Each spectra l di ˜erence reÛects a potenti al structura l di ˜erence in the system .
Theref ore, vi brati onal spectroscopy al lows deÙning sets of IR m ark er absorpti on
bands of the various conf orm ati ons. In Fi g. 2 we show a typi cal spati al ly resolved
IR spectra of a biological specim en. The spectrum tha t covers a wi de spectra l
range has been recorded wi th an IR m icroscope by averaging data from a rea-
sonable num ber of scans. The arro ws indi cate in the near- IR and m id- IR ranges
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Fig. 2. T he typical spatial ly resolved IR spectra of a biologic al system recorded w ith

microscop e adding several scans. The arrow s indicate in the near- IR (N I R) and mid- IR

ranges the main IR bands which can b e used to recognize and distingu ish di˜erent

samples and materials.

the main IR bands whi ch can be used to recognize and di stinguish di ˜erent sam -
pl es the amide I pro Ùle (1600{ 1700 cm À 1 ) is useful in identi fying a change in the
pro tei n conf orm ati on.

In the cyto plasm of a cell , the protei n concentra ti on is about 100 m M. Since
they are the m ost abunda nt species in cells, thei r contri buti ons dom inate the IR
spectra of cells and ti ssue. Al so the avera ge concentra ti on of D NA in cell ' s nu-
cl eus is extrem ely hi gh and also the highly polym orph D NA can be investigated
in the IR -range in order to inv estigate the cell cycle or to address issues associ-
ated wi th the conform ati onal tra nsiti ons between the vari ous hel ical geom etri es of
pro tei ns [16].

Pro tei ns are pro babl y the m ost im porta nt acti ve agents in bi ochemistry:
wi tho ut them meta bol ic pro cessesand l i fe would not ta ke place. From a chemical
vi ewp oint, protei ns are l inear hetero polym ers. Mo st of the recent investigatio ns
devoted to pro tei ns concentra te on thei r cata lyti c abi l i ti es, chemical ki neti cs, in-
tera cti ons, etc. alm ost neglecting the overal l structure of the protei n (whi ch is
m uch larger tha n the acti ve-site) [22]. The organi zati on of the majori ty of protei ns
is such tha t i t fo lds as relati vel y smal l self-conta ined structures . The folding of a
pro tei n invol ves the search for a sing le nati ve structure wi thi n a large ensemble of
conform ati ons tha t are accessible to the polyp epti de chain af ter i ts biosynthesi s.
T o solve the probl em of protei n structure and folding there is sti l l a need f or m eth-
ods to discrim inate between the vari ous structure s and disti ngui sh between nati ve
and non-nati ve structure s duri ng the folding reacti on [23]. FTIR spectroscopy has
emerged as a powerful m etho d for studyi ng the secondary structure of protei ns
and subtl e changes in the pro tei n structure [24]. Inf rared absorbance spectra are
not subj ected to structura l avera ging as in NMR for Ûexible states tha t underg o
fast conform ati onal exchange. Thi s m eans tha t FTIR can di stinguish between na-
ti ve and non-nati ve secondary structures present in parti al ly folded states. Besides
the understa nding of the com plex structure of protei ns, i t is very im porta nt to try



Inf rar ed Synchrot ron Radiation . . . 653

to detect and mayb e to quanti fy protei ns tha t are conta ined in indi vi dual cells
wi tho ut using chemical reagents or stains.

The p53 protei n acti vel y suppresses tum or f orm atio n; when i t is mutated,
the road is open for the development of several form s of cancer. Muta ti ons in p53
or the pathw ay tha t di rectl y regulates i t have been found in over 80% of hum an
tum ors, so there has been intense research into the p53 gene and its pro duct. One
of p53' s functi ons in the damage response is the acti vati on of genes tha t ini ti ate
apopto sis. Selective rem oval of severely dam aged cells is tho ught to protect an
organi sm from cancer. The concentra ti on of thi s pro tei n is very low in norm al
cells but increasesqui ckly once an oncogene distress signal appeared (D NA dam age
caused by di ˜erent factors). p53 has been shown to arrest the cell cycl e in response
to DNA dam age, thus preventi ng the repl icati on of damaged D NA. However, the
am ount of p53 pro tei n in cells is determ ined m ainly by the rate at whi ch i t is
degraded, rather tha n the rate at whi ch i t is made. p53 protei n is bi ndi ng on D NA
vi a the acti ve site tha t conta ins a Zn ato m wi th 4 di rectl y covalent bonds, 3 wi th
S ato ms and 1 to an N ato m. T o measure the IR spectrum of p53, of whi ch we
started to calcul ate the positi on of the Zn ato m inside the acti ve site and the
changes of the positi on in muta nt or denatured protei ns, we designed and bui l t a
speciÙc cell for liqui ds using Cl eartra nR wi ndo ws to be used for FTIR spectro scopy
and microscopy exp eriments.

IR spectra of a very concentra te hum an p53 (2 0 0 ñ g of pure protei n di s-
solved in 4 0 ñ l o f PBS, 5 m M D TT and 50% Glycero l ), pro vi ded by Santa Cruz
Bi otechno logy wi th a special preparati on were m easured at the 13{ 3 beaml ine at
D aresbury usi ng the IR emission of the Synchro tro n Radi ati on Centre (SR C) stor-
age ri ng. Spectra of the biological l iquids conta ining the p53 protei n pro vi ded by
Santa -Cruz Bi otech were sam pled as a functi on of ti m e and com pared. Because
at the 13{ 3 beaml ine, the acqui siti on ti m e wi th thi s concentra ti on is about 30 s
per spectrum , wi th FTIR the dyna m ics of the denatura ti on may be inv estigated.
Fi gure 3 cl earl y shows the di ˜erences am ong IR tra nsmission spectra of p53 pro-
tei n in soluti on. The Ùrst di ˜erence (ci rcl e dots) obta ined subtra cti ng the ori ginal
stored spectrum wi th a one stored about 500 s later shows an abrupt change
correl ated wi th the denatura ti on pro cessduri ng the data acqui siti on at ro om tem -
perature (the pro tei n wa s kept ti l l the experi ment at À 2 0 £ C). The second curve
(squa re dots) of Fi g. 3, has been achi eved subtra cti ng the second spectrum wi th
one stored about 1000 s later, and outl ines the presence of a second step of the
pro cess where two bands are involv ed. The two components appear in the range of
1900{ 1600 cm À 1 and probably identi fy changes in the pro tei n conf orm ati on [25].

In addi ti on to experim ents in soluti on, an IR -m icro scope al lows f or spec-
tra l acqui siti on at focal spots on a thi n ti ssue secti on. Certa in assigned spectra l
features found in the collecti on of pixel or point spectra of a ti ssue \ map" can
then be compared to reveal the distri buti on of ti ssue consti tuents. An increasing
range of ti ssue typ es is being studi ed [26], incl udi ng uteri ne endometri um , exfol i -
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Fig. 3. Di˜erences among IR transmission spectra of p53 protein in solution (see te xt).

T he Ùrst curve (circle dots) show s an abrupt change of the spectrum proÙle in the initial

phase (ab out 300 s) of the quick denaturation pro cess during the acquisiti on at ro om

temp erature. T he second curve (square dots) is related to the second step of the pro cess

w here tw o comp onents are involved.

ated cervi cal cells, bone, derm al , intesti ne, l iver, as well as hi stological bra in ti ssue
for studi es about the Al zheimer disease. Scienti sts have started to inv estigate the
characteri sti c di ˜erences between the spectra of hum an grey matter, whi te m at-
ter and chro nic lesions to characteri ze Al zheimer' s di sease and mul tipl e sclerosis.
Al zheimer' s disease is currentl y incura bl e, and due to i ts nature, as m any neuro log-
ical disorders, is di £ cul t to diagnose.There is som eevi dence tha t early thera peuti c
interventio n m ay at least reta rd the progress of thi s debi li ta ti ng di sease. To thi s
end, non-subj ective m etho ds for the early diagnosis are requi red. In Canada sci-
enti sts are establ ishing an inf rared spectroscopic data bank for whi te m atter, grey
m atter, and bra in m atter a˜ected by mul tipl e sclerosis or Al zheimer' s disease.
They ha ve been able to identi fy characteri sti c di ˜erences between the spectra of
hum an grey m atter, whi te m atter, and chro nic lesions, based on di ˜erences in l ipi d,
pro tei n, and water content of the vari ous ti ssues. The presence of clear chemical
di ˜erences and the presence of several peaks in order to di stinguish whi te f rom
grey m atter in the spectra wa s earl y establ ished wi th IR exp eriments obta ined
by spati al ly resolved i n situ pro bing of a cerebrum secti on of norm al mouse [27].
Mo re recentl y one investigati on addresses the ro le of the organizati on of protei ns
in am ylo id pl aques [28]. In indi vi duals wi th Al zheimer' s disease prep onderance
of Ù -sheet structure is observed (am ide I at 1630{ 1634 cm À 1 ) whi le in the sur-
roundi ng ti ssue the protei ns present mostl y an unordered a-hel ical conform ati on
(am ide I | 1652{ 1654 cm À 1 ).

IR micro-spectro scopy is capabl e, for insta nce, of discrim inati ng between hi s-
to logical ti ssue sampl es conta ining vari ous amounts of cancerous materi al . Ma ny
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cell typ es are l ik ely to be present wi thi n tum our ti ssue, depending on its ori gin,
such as mal ignant invasiv e cells or epi thel ial cells. It has been shown tha t the
IR -spectra display a cl ear di ˜erenti ati on between cells wi thi n the norm al epi the-
l ium and tho se wi th the tum our [29, 30]. It can detect and m oni to r characteri stic
changes in m olecular com positi on and structure tha t accompany the tra nsform a-
ti on from the norm al to the cancero us state. Ana lysis of spectra can help a clinician
to local izea tum our and pro vi de a probabi l i ty of whether or not i t is cancerous. The
spectroscopic Ùngerpri nts of many form s of cancer (cervi cal , colon, skin, breast,
bra in, ora l , prostate, thyro id, leukemia) and a numb er of cardi ovascular disorders
can be evaluated. The IR -micro scopy reveals to be a powerful diagnostic to ol and
should allow to achieve a better insight on the m echanisms responsi ble for the loss
of cell di ˜erenti ati on wi thi n the tum our as cells begin to divi de rapidl y and in-
vade the surro undi ng ti ssue. The chal lenge is to develop non- or m inimall y-invasive
m etho ds to detect these condi ti ons in l ivi ng pati ents, in order to provi de an earl y
di agnosis of thi s debi l i ta ti ng disease.

The main advantages of IR analysis relate to the simpl ici ty of the m easure-
m ent, and the high inform atio n content of the spectra . The founda ti on of cl ini cal
chemistry is the fact tha t certa in diseases give rise to characteri sti c changes in
the chemistry of serum, uri ne, or other Ûuids. Several key analytes m ay be esti -
m ated sim ulta neously f rom a spectrum . For exam ple, a level of protei ns such as
uri ne creati ni ne, urea, etc. m ay al l be evaluated from the near- infrared spectrum
in lesstha n a m inute. Thi s spectroscopy o˜ers a new wi ndow on the analysis of the
bi oÛuids, i ts speed, and the fact tha t no reagents are requi red, m akes IR cl ini cal
analysis very attra cti ve [31, 32].

4 . Co n cl usion s

Adv ances in IR spectro scopy duri ng the last few years are certa inl y due to
the avai labi li t y of SR sources, however im provements in m easuri ng techni ques
and reÙnements in data pro cessing cannot be neglected. The m ain adv anta ge of
IR spectro scopy for the study of bi omolecules is tha t hi gh qual i ty spectra can be
obta ined wi th a vari ety of envi ronm ents such as aqueous soluti on, organic solvents,
and even in the presence of other biom olecul es. Mo reover, IR -m icroscopy can be
used to probe inta ct l ivi ng cells provi ding a composite vi ew of al l of the molecular
responses and the abi l i t y to m oni tor the responses over ti m e in the sam e cell .
Actua l ly, another im porta nt feature of IR techni que using SR is the potenti al
for slow and f ast ki neti c studi es. FTIR spectro scopy, able to investigate sampl es
in crysta l l ine, polycrysta ll ine, am orpho us, and soluti ons states, in the next years
m ay be abl e to clari fy m any apparentl y contra di ctory data obta ined in solid state
by X- ray crysta l di ˜ra cti on and in soluti on by NMR . IR spectroscopy has the
parti cul ar advantage over NMR tha t i t does not requi re any solvents. Mo reover,
the interpreta ti on of the IR exp erimenta l data is not com pl icated by ti me scale
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averaging of anisotro pic moti ons, since the ti me scale of IR spectro scopy is very
fast (about 1 0 À 1 2 s) com pared to the ESR and NMR ti m e scale (1 0 À 5

À 1 0 À 8 s).
Ab out the \ cancer detecti on" vi a IR spectroscopy , we have to underl ine tha t,

al tho ugh FTIR represents an inv aluable to ol able to pro vi de inform ati on on bio-
chemistry , cellular compositi on, cell components, metabol ic pro cesses, presence of
di sease and even more, at the present day the capabi l ity to interpret indep endentl y
cancerous vs. norm al ti ssuesdata sti ll has not been achi eved. Neverthel ess,changes
in IR spectra can be expl ained unambi guousl y in term s of compositi onal change
so tha t IR data conta in medical inform ati on tha t wi l l be real ly used as a to ol in
patho logy in the near future. As a consequence, in m edicine the pri m ary objecti ve
of IR m icro-spectroscopy wi l l m oni to r various di sease pro cesses by fol lowi ng the
tra nsform ati on from the heal thy state to the diseased state. The developm ent of
independent spectro scopi c and imaging m etho ds capabl e of detecti ng (di agnosing
and/ or prognosing) such tra nsform ati ons at an early stage is the ta sk of the next
years.

W e had no space here to show the impact tha t IR m ay have on industry con-
nected wi th biological researches. Ho wever, each year the cosmeti c industry reaps
bi l lions of dol lars from sales of products designed to enhance skin and hai r, ti ssues
composed pri m ari ly of kerati n, a tough, insolubl e protei n. Hai r kerati n underg oes
oxi dati on by both photo chemical and chemical m eans resulti ng in decreased tensi le
streng th, colour changes and easily abraded cuti cle. Because of products to cl eanse,
m oisturi ze or condi ti on skin and hai r abound, in order to com pete, industry has to
pro mote researches devoted to the understa ndi ng of the com positi on and structure
of skin and hai r and on the nature of the intera cti ons between these substra tes
and the pro ducts them selves. IR spectroscopy already plays an importa nt ro le in
these industri al ori ented researches.
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