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Absorption of light
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Intensity of radiations passing through matter is attenuated.
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Law of attenuation
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The decrease of intensity over a thin layer of the absorber is 
proportional to the intensity entering into that layer.
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Ji: incident intensities [W/m2]

DJ: change of intesity when passing through Dx layer

µ: attenuation coefficient [1/m]
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xeJJ µ-= 0

J is an exponential function of the layer thickness.

J0: incoming intensity [W/m2]

J: intensity at x [m] layer thickness

µ: attenuation coefficient [1/m]

The attenuation coefficient depends on:
- photon energy,
- material composition
- density of the absorber
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D: half-value thickness

d: thickness decreasing

intensity by a factor of e

Both  D and d
– characteristic for the absorption
of light by matter
– depend on the photon energy, 
the material composition and the
density of absorber
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Relationships of D, d and µ
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Analitical application of light absorption
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In diluted solutions
µ is proportional to 
the concentration:
µ lge = e(l)*c

Absorbance

molar extiction of coefficienr
[l mol-1cm-1]

Beer’s law

molar concentration [mol/l]
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layer thickness (usually set to 1 cm)

Transmittance, T=J/J0 *100 (%)
Absorbance, optical density, A=OD=lg J0/J



Mechanism of light absorption

The potential energy of electrons is quantized in atoms and molecules

EVIS= hf = 1.6 – 3.1 eV
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photon



Mechanism of light absorption

Molecules can absorb photons in a certain energy range 

➔ band spectrum
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where ( E2 – E1 ) is the energy difference required for the excitation, ε is the photon 
energy, h is Planck's constant, f is the frequency of light, λ is the wavelength and c 
is the speed of light. 
 

From the excited state the system will return to the ground state, loosing its excess 
energy. In most cases this process involves heat exchange with the environment in 
many small steps (relaxation). 
 

The above simple model does not explain why solutions of identical molecules 
never display linear spectra containing discrete peaks at distinct photon energies 
(wavelengths) but spectra with wide, broadened bands. In case of molecules, the 
electronic states are slightly altered by molecule’s vibrational and rotational states, 
but this effect is not expected to cause such a broadening by itself. 
 

Broadening of spectral lines in solution has two main reasons. First, solute 
molecules are within an environment of the solvent molecules so that they can 
interact with each other. Second, the measurements are usually performed at room 
temperature (290 - 300 K) where thermal motion is extensive. The large number of 
thermally-driven interactions among the solvent and solute molecules causes 
alteration of the molecular energy levels, leading to spectral broadening. Thus, 
every molecule requires somewhat different excitation energy (Fig. 2). 
 

The amount of absorption can be calculated from the general form of the 
attenuation law, because, as we mentioned before, the light scattering can be 
neglected: 

J = J0 e-µ · x,                                                 (4) 
 

where J0 is the perpendicularly incident and J is the perpendicularly transmitted 
light intensity, µ is the attenuation coefficient characteristic for the type of the 
material and for the wavelength of light, called absorption coefficient in this case, 
and x is the layer thickness (Fig. 3). 
 

Absorbance that was introduced earlier is derived from the equation (4) as: 
 

xe
J
JA ⋅⋅== µloglog 0 .                                                (5) 

 

In case of dilute solutions, if the solvent does not absorb in the applied wavelength 
range (i.e., it is transparent, just like water or alcohol in the visible range), then the 
absorption coefficient µ is proportional to the concentration of the solute, and the 
right side of the previous equation will become: 
 

xcxe ⋅⋅=⋅⋅ )(log λεµ ,                                                  (6) 
 
where ε (λ) is called (decadic) molar extinction coefficient (extinction coefficient 
for short), which depends characteristically on the wavelength for the given 
material. It gives the optical density of the solution of unit concentration and unit 
layer thickness. (It does not depend on the concentration and thickness of the 
material. The attribute "molar" indicates that concentration is measured in M, that 
is, mol/l units.) 
 

Beer-Lambert law that is applicable for dilute solutions is expressed as: 
 

xc
J
J

⋅⋅= )(log 0 λε .                                                    (7) 
 

Most often the absorbance (log (J0  /J )) versus wavelength (λ) plot is given as the 
absorption spectrum (Fig. 4a, for three chemically different solutions). According 
to equation (7) the absorbance of a certain solution is proportional to the layer 
thickness x (Fig. 4b) and to the concentration c at every wavelength of the 
absorption spectrum (Fig. 4c). Notice that the proportionality constant ε (λ) is 
different for every wavelength (Fig. 4d). When one measures the absorbance of a 
solution at a certain wavelength λ, provided that x and ε (λ) are known, the 
concentration c can be calculated. This is the principle of the spectrophotometric 
determination of concentration, a technique widely used in medical laboratories. 
Concentration can be determined most accurately at the wavelength corresponding 
to the maximum (λmax) of the absorption spectrum (Fig. 4), where the slope of the 
straight line of Fig. 4d is the largest. This curve is frequently used for calibration. 

 
 

Fig. 3. Attenuation law plotted on the 
linear scale as the function of thickness 

for different attenuation coefficients. 
 

 
 
Fig. 4. Dependence of absorbance on the 
thickness of the material, concentration, 

and wavelength. 
 

 
 
Fig. 2. Light absorption process on the 
atomic scale (left). Broadening of the 

line spectrum into band spectrum (right). 
 



Absorbance depends on the wavelength: A = e(l)•c•x

Absorbance as a function of

wavelength is characteristic to the

absorber (depends on the electronic

structure of the material)

Absorption spectrum
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CHARACTERISTIC FEATURES AND MEASUREMENT OF THE 
ABSORPTION SPECTRUM 
 
Absorption spectra of solutions of three different materials, but of the same 
concentration, placed in the cuvettes of the same thickness are plotted in Fig. 5 
(C, L and M curves). Notice that the different materials absorb at different 
wavelength ranges, and their extinction coefficients (ε (λ)) in the absorption bands 
differ significantly (the height of the curves is different). 
 

 
 
Fig. 5. Absorption spectra of solutions of three different materials, but of the same 
concentration, placed in cuvettes of identical thickness. Solution marked M is so 

transparent that it is not measurable with the spectrophotometer of the given noise 
level. 

 
The location of absorption maxima (there may be more than one) is related to the 
electron excitation energies characteristic for the molecular structure as 
described by equation (3). 
 
The height of the absorption maximum changes proportionally with the 
concentration, provided that the thickness stays constant (see formula (7) and 
Fig. 4b). This proportionality is used for concentration determination. 
 

 
 

Fig. 7. Principle of operation of the spectrophotometer. 
 
The equipment used to measure absorption spectra is called absorption 
spectrometer (spectrophotometer, Fig. 7). In the simple, manual spectro-
photometer, the absorbance of the sample and that of the reference (solvent) are 
measured separately at every wavelength, which is set manually. (This manual type 
of device is the SPEKOL instrument used in this practice, see Fig. 10 and 11.) 
Modern instruments work in wide wavelength ranges (e.g. 190-900 nm) and are 
able to scan in the pre-adjusted wavelength range automatically. Double-beam 
spectrophotometers record the absorption data of the sample and reference 
simultaneously, thus the absorbance versus wavelength graph can be plotted 

Colored transparent solutions absorb in the 
visible spectral range only at characteristic 
wavelengths. Our eye percepts only this 
transmitted light, which is the complementary 
color of the absorbed light (e.g., a solution 
that absorbs in green will appear red, and the 
one absorbing in blue will appear yellow and 
vice versa). Colorless materials (e.g. water, 
alcohol) transmit light in the whole visible 
spectral range. Chlorophyll absorbs red and 
blue, thus for us it appears to be green (Fig. 
6). 
 

  
 
Fig. 6. Absorption spectrum of chlorophyll. 

Chlorophyll in the green leaves of plants 
absorbs in red and blue, thus it appears 

green for the human eye. 
 

The reference is measured to take into 
account the spectral sensitivity of the detector 
and the possible wavelength dependent 
absorbance of the solvent. 



Absorption spectrums of several biomolecules
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IV.4. megjegyzés. Az állatok színérzékelése ettôl jelentôsen eltérhet. A madarak szemében például nemcsak 
pálcikák és csapok vannak, hanem dupla-csap-receptorok is. Ennek következtében a színlátásuk valószínûleg 
sokkal kifinomultabb, mint az emberi trikromatikus látás. 

IV.5. megjegyzés. A hajók mûszerfalának kijelzôi pirosan vannak megvilágítva. A szürkületi látásért felelôs 
pálcikasejtek érzéketlenek ebben a hullámhossz- tartományban. Éjjel a kapitány szeme sötétadaptált marad 
akkor is, ha a mûszerekre pillant, és figyelni tudja jéghegyek vagy más akadályok felbukkanását. Ha a 
mûszereket fehér fénnyel világítanák meg, már egy rövid rápillantás is a szem sötétadaptációjának elvesztését 
eredményezné, és az újbóli adaptáció fél óránál hosszabb ideig tartana. 

 

IV.19. ábra. Humán csap- és pálcikasejtek abszorpciós spektrumai 

Megkülönböztethetünk tiszta, keverék és komplementer színeket. Tiszta színû a monokromatikus fény. Bármely 
szín elôállítható additív kombinációval három olyan választott szín keverékébôl, amelyek egyikét sem lehet a 
másik kettôbôl kikeverni. Ha a tetszôlegesen kiválasztható, önálló fényforrásból származó három alapszínt R 
(red, vörös), G (green, zöld), illetve B-vel (blue, kék), a keveréshez használt intenzitásukat pedig az ábécé 
megfelelô kisbetûivel (r, g, b) jelöljük, a tetszôleges X színt az X = rR + gG + bB összefüggés alapján kaphatjuk 
meg. A színeket leíró (r, g, b) számhármas tulajdonképpen az X vektor vetületeinek tekinthetô az R, G, B 
egységvektorokra. Az egységvektorok irányát megadó színeknek bármely három szín választható, amelyikre 
igaz, hogy kettôbôl közülük nem keverhetô ki a harmadik. A színes nyomtatásban, vetítôkben és képernyôkben 
a leggyakrabban a vörös, zöld és kék színeket használják alapszíneknek. A színek a vektorösszeadás szabályai 
szerint adódnak össze (IV.20. ábra). A színek kikeverését bemutató „RGB-kocka´ sarkaiban a fekete, a fehér, a 
három alapszín (piros, zöld, kék) és az alapszínekbôl páronként kikeverhetô keverékszínek (sárga, lila, türkiz) 
vannak. A színek telítettsége a kocka „fekete´ és „fehér´ sarkait összekötô térátlóhoz közeledve csökken. Az 
átló mentén a szürke különbözô árnyalatai vannak. Komplementer színek azok a színek, amelyek megfelelô 
arányú keveréke fehér fény érzetét kelti. 

Az additív mellett szubtraktív színkombinációt is ismerünk: például egy színes üvegen átesô fehér fénybôl az 
üvegben lévô festékanyag bizonyos komponenseket elnyel, s a többi komponens halad csak tovább. Szubtraktív 
keveréssel (IV.21. ábra) is valamennyi szín elôállítható, például kék és sárga keverésével zöld, vörös és zöld 
színekbôl szürke (fekete). Az olyan tárgyak színe, amelyek nem önálló fényforrások, szubtraktív keveréssel 
alakul ki, s így nemcsak attól függ, hogy a tárgy milyen frekvenciájú fotonokat abszorbeál, illetve ver vissza, 
hanem a megvilágító fény spektrális összetételétôl is. A legtöbb mesterséges fényforrás által kibocsátott fény 
nem fehér. Emiatt egy fehér tárgyról a szemünkbe érkezô fény színe változó. Az, hogy a tárgyak színét mégis 
legtöbbször helyesen érzékeljük annak köszönhetô, hogy az agyunk az ismert tárgyak emlékeinkben 
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Absorption and colors – complementary colors
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elraktározott színét és a látszólagos színét összevetve automatikusan korrigál a megvilágításból adódó 
eltérésekre. Ennek sokszor csak akkor ébredünk tudatára, amikor mesterséges megvilágítás mellett fényképezve 
a fényképünkön minden narancssárgás (izzó használata esetén), vagy kékes (fénycsô esetén) árnyalatúvá 
színezôdik. 

 

IV.20. ábra. A színek additív keverésének illusztrációja a vörös (red, R), zöld (green, G) és kék (blue, B) 
színeket választva alapszíneknek 

 

IV.21. ábra. Additív és szubtraktív színkeverés 

3. IV/3. A hallis 

3.1. IV/3.1. A hallhaty hangok nphiny k|]|s tulajdonsiga 

3.1.1. IV/3.1.1. A hang magassiga 

ÄA hangmagaVVig a Ue]gpV fUekYenciijiWyl f�gg ~g\, hog\ a magaVabb hangnak nag\obb fUekYencia felel 
meg´ (Galilei, 1564–1642). Két különbözô frekvenciájú (f1, f2) hang viszonylagos magasságának szubjektív 
megítélésénél a frekvenciák viszonya (az f2/f1 hányados) a mérvadó, amelyet hangköznek hívunk. A 2:1 arányú 
hangköz a zenébôl jól ismert okWiY. Az egymástól oktáv „távolságban´ álló hangok között nagyfokú 
hasonlóságot (konszonanciát) érzékelünk. A hang magasságát a frekvenciák viszonyának logaritmusával 
érezzük arányosnak (lásd a IV.22. ábrát és a IV.6. megjegyzést). Két adott frekvenciájú hang (f1 < f2) között az 
ún. haUmonikXV okWiYok száma (noktáv): 

 

additive color mixing substractive color mixing
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Reflection of light

spectral reflectance
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Scattering of light

Scattering coefficient:
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CHARACTERISTIC FEATURES AND MEASUREMENT OF THE 
ABSORPTION SPECTRUM 
 
Absorption spectra of solutions of three different materials, but of the same 
concentration, placed in the cuvettes of the same thickness are plotted in Fig. 5 
(C, L and M curves). Notice that the different materials absorb at different 
wavelength ranges, and their extinction coefficients (ε (λ)) in the absorption bands 
differ significantly (the height of the curves is different). 
 

 
 
Fig. 5. Absorption spectra of solutions of three different materials, but of the same 
concentration, placed in cuvettes of identical thickness. Solution marked M is so 

transparent that it is not measurable with the spectrophotometer of the given noise 
level. 

 
The location of absorption maxima (there may be more than one) is related to the 
electron excitation energies characteristic for the molecular structure as 
described by equation (3). 
 
The height of the absorption maximum changes proportionally with the 
concentration, provided that the thickness stays constant (see formula (7) and 
Fig. 4b). This proportionality is used for concentration determination. 
 

 
 

Fig. 7. Principle of operation of the spectrophotometer. 
 
The equipment used to measure absorption spectra is called absorption 
spectrometer (spectrophotometer, Fig. 7). In the simple, manual spectro-
photometer, the absorbance of the sample and that of the reference (solvent) are 
measured separately at every wavelength, which is set manually. (This manual type 
of device is the SPEKOL instrument used in this practice, see Fig. 10 and 11.) 
Modern instruments work in wide wavelength ranges (e.g. 190-900 nm) and are 
able to scan in the pre-adjusted wavelength range automatically. Double-beam 
spectrophotometers record the absorption data of the sample and reference 
simultaneously, thus the absorbance versus wavelength graph can be plotted 

Colored transparent solutions absorb in the 
visible spectral range only at characteristic 
wavelengths. Our eye percepts only this 
transmitted light, which is the complementary 
color of the absorbed light (e.g., a solution 
that absorbs in green will appear red, and the 
one absorbing in blue will appear yellow and 
vice versa). Colorless materials (e.g. water, 
alcohol) transmit light in the whole visible 
spectral range. Chlorophyll absorbs red and 
blue, thus for us it appears to be green (Fig. 
6). 
 

  
 
Fig. 6. Absorption spectrum of chlorophyll. 

Chlorophyll in the green leaves of plants 
absorbs in red and blue, thus it appears 

green for the human eye. 
 

The reference is measured to take into 
account the spectral sensitivity of the detector 
and the possible wavelength dependent 
absorbance of the solvent. 

A = e(l)•c•x

e(l): molar extinction coefficient
?

Extinction: attenuation by absorption and scattering together



Raman scattering

➔ inelastic scattering: l, f are not constant

Sir Chandrasekhara Venkata Raman

Energy transition between light and matter:

Nobel Prize in physics, 1930

"for his work on the scattering of light and for 
the discovery of the effect named after him"
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