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法則

‧科學研究邏輯有歸納法及什麼法？

‧牛頓定律三大法則為何？

量子力學的七個法則為何?‧量子力學的七個法則為何?

‧熱力學四個法則為何？



LectureLecture 

Quantum Chemistry and 
Spectroscopy (II)Spectroscopy (II)



把物質切到最小，我們知道：把物質切到最小 我們知道

它表面上是粒子，實際上是波動。



Tiny Particle Wave equationTiny Particle Wave equation
• Wind wave• Wind wave
• Airy wave theory
• Wave equation

A ti ti• Acoustic wave equation
• Vibrations of a circular drum
• Standing wave

El t ti ti• Electromagnetic wave equation

• Schrödinger equation• Schrödinger equation



Schröedinger equationg q
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Quantum Chemistry 的七個法則Q y

用來形成 Schröedinger equation

(也就是可用來描述粒子的波動方程式)



Quantum Mechanics 的七個法則Quantum Mechanics 的七個法則

16



Quantum Mechanics 法則 1Quantum Mechanics 法則 1
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Quantum Mechanics 法則 3Quantum Mechanics 法則 3

observablesobservables



Quantum Mechanics 法則 4Quantum Mechanics 法則 4

time dependentp



Quantum Mechanics 法則 5Quantum Mechanics 法則 5

average observablesaverage observables



Quantum Mechanics 法則 6Quantum Mechanics 法則 6
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Quantum Mechanics 法則 7Quantum Mechanics 法則 7

波波
可以相加減可以相加減



Different Systems

(Chapter 14 ~ Chapter 18)

‧不同的系統，

有不同的 Schröedinger equation 的解



h di iSchröedinger equation 
for hydrogen atomfor hydrogen atom

E
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Chapter 13, Physical Chemistry for the Life Sciences (Engel, Drobny and Reid)



Different Systems

(Chapter 14 ~ Chapter 18)

‧不同的系統，

有不同的 Schröedinger equation 的解



Schröedinger equation 的解，
是 Orthogonal。
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Physical ChemistryPhysical Chemistry
For the Life Sciences

CHAPTER 19
Electronic 
SpectroscopySpectroscopy



The Helium-Neon laser



FIGURE 19 4FIGURE 19.4

FIGURE 19.4

Schematic representation 
of a four-state laser. The 

energy is plotted vertically,energy is plotted vertically, 
and the level population is 

plotted horizontally.

P. 455



FIGURE 19.8

FIGURE 19.8

Transitions in the He-Ne laser. The slanted solid show three possible lasing 
transitions.

P. 458



The energy of electronic transitions gy
in molecules

FIGURE 19.14

A simplified MO energy 
diagram is shown for the C—O 

bonding interaction in 
formaldehyde. The most 

important allowed transitionsimportant allowed transitions 
between these levels are shown. 
Only one of the sp2 orbitals on 

b i h b thcarbon is shown because the 
other two hybrid orbitals form 

σCH bonds. CH



Fluorescence and Phosphorescencep



FRET: Fluorescence Resonance Energy Transfer



circular dichroism
FIGURE 

19 2819.28

FIGURE 19.28

The arrows in successive images indicate the 
direction of the electric field vector as a 
function of time or distance. For linearlyfunction of time or distance. For linearly 

polarized light, the amplitude to the electric 
field vector changes periodically, but is 

fi d h l f l i iconfined to the plane of polarization.

P. 472



FIGURE 19.32

FIGURE 19.32

The rotation angle θ is shown as 
a function of wavelength for 

biomolecules having different 
secondary structures. Because thesecondary structures. Because the 

curves are distinctly different, 
circular dichroism spectra can be 

d t d t i th dused to determine the secondary 
structure for optically active 

molecules. The inset shows the 
hydrogen bonding between 
different amide groups that 

generates different secondarygenerates different secondary 
structures.

P. 474



Physical ChemistryPhysical Chemistry
For the Life Sciences

CHAPTER 20
Nuclear Magnetic 
Resonance Resonance 
Spectroscopy 



FIGURE 20.35

Th t NOESY t

FIGURE 20 35

The proton NOESY spectrum 
of the proteinase inhibitor 

BUSI II. The spectrum below 
FIGURE 20.35 the diagonal is divided into 

six regions a through f that 
denote cross peaks between 

distinct proton types (see 
text). Above the diagonal, the 
vertical dotted line identifies 

cross peaks, between an 
amide proton at 7.2 ppm to 
six other types of protonssix other types of protons, 

indicated by horizontal dotted 
lines. The amide proton at 7.2 
ppm also has an NOE crossppm also has an NOE cross 
peak to another proton at 8.9 

ppm.

P. 506



FIGURE 20.37

FIGURE 20.37

The structure of the complex formed between UTR RNA (shown in 
blue) and the U1A protein (show in green).

P. 508



FIGURE 20 45

FIGURE 20.45

Thi fi h NMRFIGURE 20.45 This figure shows an NMR 
image taken of a human 

brain. The section shown is 
obtained from a noninvasive 

scan of the patient’s head. The 
t t h it i i i thcontrast has its origin in the 

dependence of the relaxation 
time on the strength of g

binding of the water molecule 
to different biological tissues.

P. 515



Physical ChemistryPhysical Chemistry
For the Life Sciences

CHAPTER 21



X-ray structure



FIGURE 21 13FIGURE 21.13
FIGURE 21.13

Th diff ti tt f tThe diffraction pattern of a two-
dimensional crystal, the axes of 

which are perpendicular, is a p p
rectangular array of points that 

we call diffraction spots.

P. 529



FIGURE 21.14

FIGURE 21.14

A diffraction image taken using the precession method is shown for the 
metalloprotein hemerythrin. All of the diffraction spots can be assigned 

i di h d k d l 0

P. 530

indices h and k and l = 0.



FIGURE 21.15

FIGURE 21.15

Diffraction from a set of parallel crystal planes is depicted. To simplify the 
drawing, the lattice motif is not shown. Diffraction or constructive 

interference is observed if the path difference between adjacent planes is an 
integral multiple of the X-ray wavelength.

P. 530

integral multiple of the X ray wavelength.



FIGURE 21.16

FIGURE 21.16

The diffraction pattern from the set of (100) planes is shown. Each 
spot corresponds to a different diffraction order.

P. 530

p p



FIGURE 21.17

The diffraction pattern ofThe diffraction pattern of 
Figure 21.14 with the indices of 

four planes giving rise to the 

FIGURE 21.17 diffraction spots is shown. On 
the basis of this indexing, the 

unit cell for hemerythrin has theunit cell for hemerythrin has the 
dimensions a = b = 8.66 nm. 

The diffraction pattern obtained 
°by rotating the crystal by 90°

gives c = 8.08 nm.

P. 531



FIGURE 21.18

FIGURE 21.18

Hemerythrin consists of eight identical subunits, each of which is made up of a 
polypeptide containing 113 amino acids, two iron atoms (red spheres), and a single 

b id i h i h l id ld i h lioxygen atom bridging the iron atoms. The polypeptide folds into four α-helices 
that pack in an antiparallel arrangement forming the tertiary structure of the 

subunit.

P. 531



FIGURE 21.25

FIGURE 21.25

(a) Light absorption in LH1 and LH2 occurs through electronic excitations. 
(b) Energy can also be transferred from one molecule to another through ( ) gy g

an electron transfer (redox) reaction.

P. 538



FIGURE 21.26

FIGURE 21 26FIGURE 21.26

(a) Chlorophylls a and b and bacteriochlorophyll are the primary light 
absorbers in photosynthesis The shading indicates the conjugated πabsorbers in photosynthesis. The shading indicates the conjugated π-
electron network. (b) β-cartene and (c) phycocyamin are examples of 

additional pigments that also absorb sunlight.

P. 539



FIGUREFIGURE 
21.26(continue

d)

FIGURE 21.26

(continued)

P. 539



FIGURE 21.27

FIGURE 21 27FIGURE 21.27

The colored curves show the 
b ti t f th li htabsorption spectrum of the light 

absorbers shown in Figure 21.26. 
The black curve shows the 
wavelength distribution in 

sunlight.

P. 539



End of LectureEnd of Lecture

版權聲明:

本講義所使用之圖片皆由教科書出版商提供或是由網路上下載使用，同時內容安排及本講義所使用之圖片皆由教科書出版商提供或是由網路上下載使用 同時內容安排及
呈現順序為林盈廷老師上課解說，與其學生課後複習之用。禁止任何其他講述者及商
業行為之未經授權的複製與使用。



Slide Downloading

http://ytlab.kmu.edu.tw


