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Lecture Overview

* Overview of the electromagnetic spectrum

e Absorption on molecular scales

* Major absorbers in the ocean

* Lecture 5: Measuring absorption in the ocean
* Lab 2: Absorption by solutions

* Lab 3: Absorption by particles



Electromagnetic Radiation

e Charged particles (dipoles) create

electric fields E (oscillation
between +,-)




Electromagnetic Radiation

e Charged particles, dipoles, create

electric fields E (oscillation between /
+;_)

e When a charged particle moves, it
creates a magnetic field, B

Elactric
field variation

e The electromagnetic field oscillates
as the energy propagates ExB (right
hand rule)




Electromagnetic Radiation

e the range of oscillation frequencies
is described by the Electro-Magnetic
(EM) spectrum

http://www.antonine-education.co.uk/physics_gcse



What is absorption?

* Since electromagnetic radiation is energy
propagation, when molecules absorb radiation,
they absorb energy

* The energy associated with each part of the
spectrum is given by E = h¢/A
* h Planck’s constant
e c speed of light in a vacuum
* A wavelength

* What happens to the molecule depends upon the
amount of energy, and therefore the wavelength



Interactions between energy and matter
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Quantized electronic states

Amount of energy required to move an electron to a higher orbital (electronic state
transition) is quantized

A molecule absorbs radiation only of this specific quantized energy
The quantized energy determines the absorption peak wavelength

This example shows a molecule with two higher energy levels (E2 and E3) and thus
two absorption peaks

Electron
transition




Quantized vibrational states

e Each orbital is associated with a series of higher excited
states, associated with vibrational energy, which are also
quantized

* These determine the wavelengths of the absorption side
peaks that have higher or lower energy, but have a lower
probability for absorption

molecular
vibration



Quantized rotational states

* Each vibrational state is associated with a series of higher
rotational states, which are also quantized

* These determine the wavelengths of the absorption that
smooth the absorption peaks

molecular
rotation
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Quantized states
* Each level is really a distribution as a function of internuclear
separation
e With probabilities (likelihoods of occurrence)

* Higher probability of transition = higher absorption
coefficient



Chlorophyll a has two electronic states
associated with the energy equivalent of blue
(443 nm) and red (676 nm) wavelengths

The absorption of light relates to electron excitation states
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http://www.mie.utoronto.ca/labs http://plantphys.info/plant_physiology/light.shtml
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What are the major
absorbers in the ocean?



Example of absorption spectra for
three environments

* What do they have in
common?
* All have strong red
absorption
* How do they differ?

* Variable blue
absorption

a(d) (m¥)

0.8

Wavelength (nm)



Absorption is a conservative property

* Total absorption = sum of individual absorbing
constituents

Atotal = Awater T z Adissolved T 2 aparticles

* Absorption is proportional to the concentration

(Beer’s Law)
2

m
acy(m™1) = Chl( )Xachl(_g)



ar = ay t+ Acpom + Apap + Uphyt + -




Absorbing Components:
Water

By Kebes at English Wikipedia, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=23793083



Absorbing Components:

2
10° -
_o—'—"'- I
15} B |
o0 / '
'!.—E _'_FF-’-./ II|
21 - f
= 10
5 1r \\\__F/ Iu'l
@ 1073 ' : ' /
400 500 600 700 /
0.5} J_//
D § g =—"'__T_ g g L
350 400 450 500 580 600 650 00 750
Wavelength (nm)

Nice (but dated) compendium at
http://omlc.org/spectra/water/abs/index.html

R. M. Pope and E. S. Fry 1997
Integrating cavity absorption meter



Absorbing Components:
Water | o
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Fiz. 1. Absorphion coctlicient of pure water as measured or com-
piled by several investgators LEILIBISELZE-AT The dizcrepancy mn

the cstimated absorption cocfficients 15 largest at short wave-

lengths where absorption by organie contaminants 15 siznificant.

At wavelengths longer than 550 nm the standard deviation of the

cetimates 12 between 5 and 109 of the mean value.

W. Scott Pegau, Deric Gray, and J. Ronald V. Zaneveld

Absorption and attenuation of visible and
dependence on . . .
i variations are methodological

near-infrared light in water:

temperature and salinity
20 August 1997 S Vol 36, Mo, 24 / APPLIED OPTICS



Absorbing Components:
Water

Temperature
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Absorbing Components:

Water
Salinity
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Fig 6. Attenuation cocflicient at 715 nm ag a function of salinity.
Thi= figure illustrates the linear dependence of the attenuation

coefficient on salinity.
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Absorbing Components:
Dissolved inorganic matter

e Basic for UV
detection of nitrate,
ISUS

* Johnson, K. S. and L. J. Coletti. 2002
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acpom(A) (M)

Absorbing Components:
Colored dissolved organic matter (CDOM)

Dierssen et al. 2006

Wavelength (nm)

Kirk 1983

http://clarklittlephotography.com



Absorbing Components:
Colored dissolved organic matter (CDOM)

acpom(M) = acpom(Arer) €XP(-Scpom (A-Arr)

Kirk 1983
Carder et al. 1989 L&O



Absorbing Components:
Colored dissolved organic matter (CDOM)

acpom (M) = acpom(ho) €XP(-Scpom (A1) Equatorial Pacific —
filtrate pore size and spectral slope
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Fig. 3. Spectral variation of the absorption coefficient due 10 marine humus or Getbstoff as a function of !
fulvic acid fraction of Geibstoff for a® = 0.00732 m? g~', a®% = 0.131 m* g', B, = 0.0186 nm~', and ¥
0.0110 nm~". The fulvic acid fraction is shown beside each curve.

Carder et al. 1989 L&O

Simeon et al. 2003 JGR



Absorbing Components:
Colored dissolved organic matter (CDOM)

Table 1. Ranges for the exponential coefficient, CZ,, for gelbsiof and detritus for Eq. &, Where coeflicients
were not listed, values were approximated from published spectra using an exponential model.

Beference Sise Mg £2, fmam-T) 5{] PR (SN TN TR T N TN TN T NS T T N NN
Gelbstoff { Total N = 346 (a)
Kalle 1966 Baltic, Morth Sen 0018
Jerlow 1968 0.01s 40 = M
Birk 1976 Lakes, coast AN —
Lundgren 1976 Baltic .04 4 1
Kopelevich and Burenkow 1977 Indo-Pacific am7
Bricaud et al. 1981 Baltic 0018 =) o
Mauritania 0015 E . (x’
Gulf of Guinea 0014 = 4
Mediterranean 0014 =
Ofeamin ed al. 1982 Eaist Pacific a7 Z 2 -
Kishino et al, 1984 Lake Kizaki 0016 T
Mabeta Bay 0015 J
East Pacific 0.014
Carder and Steward 1985 Ciulf of Mexico 0004 1 -
Davies-Colley and Vant 1987 Lakes [EXETEY
: T T LAY i
Pubdished mean + S0y 001640002
| This study mean = S San Junn Islonds 0,017 20,003 0 el L
el 10 UL 008 a1 R
Detritus Marine fulvic acid 0.018 0.012 0016 0020 0.024
Kishino et al. 1986 NW Pacific Ocean 0.006 Sepoy (nmt)
Maske and Haard: 1987 Kiel Harbor o4 '
Iturrizga and Siegel [958 Sargasso Sea oI
Cleveland and Tﬂr in prep. Sargasso Sea 0,013
bllorrona er al. 1981 Sargaseo Sea 0,002 i
Published mean + SD 0,011 +0.002 Babin et al. 2003
This study mean + SD San Juan Tslands 0.011+0,002 (European coastal waters)

Roesler et al. 1989
(global synthesis)




Absorbing Components:

Particles

Kishino et al. 1985
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Absorbing Components:
Phytoplankton

Individual cells, microphotometry

1710 Iturriaga and Siegel 1989 L&0O

Sowalt=l 4-03, 20m Cells Blowott-i 4-03, 80m Cells

QM)




Absorbing Components:

Phytoplankton

Species
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Absorbing Components:
Phytoplankton

Bricaud et al. 1995
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Absorbing Components:

other protists

ciliates and flagellates

heterotrophic bacteria
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Absorbing Components:
Non-Algal Particles

Table 1. Ranges for the exponential coefficient, CZ,, for gelbsiof and detritus for Eq. &, Where coeflicients
were not listed, values were approximated from published spectra using an exponential model.

Eeference 5ill¢_ . Avg £2, {nm-7) . . | . . . |
Gelbstoff 30
Kalle 1966 Baltic, Morth Sen 0018 . Total N=348
Jerlow 1968 0.01%
Kirk 1978 Lakes, coast Ui s 40 —_
Lundgren 1976 Baltic 0014
Kopelevich and Burenkow 1977 Indao-Pacific 0.7
Bricaud et al. 1981 Baltic 0.018 e 30 o ™ (a)
Mauritania 0015 _.‘j‘ ;
Gulf of Guinea D004 £ 4
Mediterrancan 0014 =
Ofeamin ed al. 1982 Easl Pacific a7 o« -
Kishino et al, 1984 Lake Kizaki 00186
Mabeta Bay 0015 7
East Pacific 0.014
Carder and Steward 1985 Gulf of Mexico 0014 10
Davics-Colley and Vani 1987 Lakes [EXEEEY
Maske and Haardi F957 Kigl Harbor L& )
Published mean + SD 00160002 0 ==HEiNn| HU L s o 1
This study mean = 5 San Juon Islonds 00017 20,003
Carder et al. 1989 Marine humic acid 011 (L0 0.m2 .06
Detritus Manne fulvic acid g S.\.‘,'LP tm“.h}
Kishino et al. 1984 MW Pacific Occan (0.006
Mlaske and Haards 1987 Kiel Harbor 0014
Iturrizga and Siegel [958 Sargasso Sea ol .
Cleveland and Perry in prep. Sargasso Sea 0,013 Babin et al. 2003
gl gt ] Ty
Pubiistied oan, & 8D 001120002 (European coastal waters)
This study mean + 5D San Juan Islands 0,011 40,002

Roesler et al. 1989
(global synthesis)




Absorbing Components:
Non-algal particles 2 what are they?

lowoltt~| 4-03, 20m Detbes ~ Blowoll=l 4-03,
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Absorbing Components:
inorganic particles
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Fig. 5. Absorbance spectra of natural assemblages of mineral
particles from three different environments.

Babin and Stramski 2003
Patterson et al. 1977 JGR



Absorbing Components:
inorganic particles

2"d Derivative used to quantify
Measured spectra concentration of iron oxide minerals

Estapa et al. 2012



To model the impacts of absorbing constituents
- add them up
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" - blue waters
ADS | - green waters
£ ] phytoplankton (V-type)
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Morel and Prieur 1977 Wavelength (nm)



More on absorption

* Today

e Lecture 5: Measuring absorption (Collin)
* Lab 2 CDOM absorption methods

 Wednesday

* Lab 3 Particulate absorption methods



