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Fundamental Spectroscopy:  

Open Chemical Eyes 

 

基礎光譜学: 

開啓化学之眼 
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1. What is light? 

1.1  Electromagnetic wave (電磁波)  

a)  Maxwell Equation in vacuo 

 

Equation holds among four quantities E, D, B, H. 

 

    E electric field ( )      NC
-1 

       D electric flux density ( )   Cm
-2

 

       B magnetic flux density ( )    T 

       H magnetic field ( )    Am
-1

 

 

Electric field ( ) E 

  

      Coulomb law 

 

 

 

        permittivity ( ) in vacuo 

 

 

 

 

 

 

 

 

 

                D 

 

 

Electric flux density ( )            in vacuo  

 

                                            r: charge density 
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Magnetic flux density ( )   B 

              

Biot-Savart law 

 

 

 

 

   magnetic permeability ( ) 

 

 

               

 

              

                                                              

  

                                                                                 

  

             I 

 

Magnetic field ( ) 

     

 

 

http://ji6rcy.canaryyellow.info/top/junk_cology/cir

cuit_tips/making/inductance/magnet1.jpg 
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Maxwell equation in vacuo 

 

 

 

 

 

                                                        

 

 

 

 

          Wave equation for waves propagating with velocity   

 

 

 

 

 

 

 

 

 

      C0: velocity of light ( ) in vacuo 

 

 

 

 

 

 

 

 

 

 

 

 

 

òElectromagnetic waves with velocity c 0 are inherently conta ined in 

Maxwell equation.ó
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b)  Plane electromagnetic wave  

  

  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

òLinearly polarized laser light  is very close to a plane wave. ó 

 

 

 

Ar
+
laser (left, 488.0 nm) and He-Ne laser (right, 632.8 nm) 
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q1 

q2 

c)  Frequency ν, angular frequency ω, wavenumber k 

 

Electric field Ex(t) at z=0 

                                                     Period ( ) 

 

                                                     Frequency ( ) 

  

  

                           Angular frequency  

                           ( ) 

 

                                                                                  

Electric field Ex(x) at t=0 

  Wavelength ( ) 

  

                           Wavenumber ( ) 

                                                       Number of waves in 1cm 

 

 

 

 

Fundamental equation of electromagnetic wave 

 

 

 

 

Electromagnetic wave in a medium 

 

 

 

refractive index ( )  n 

                    

                    = sinq1/sinq2 
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d)  Intensity of electromagnetic wave  

 

Poynting vector 

 

   X polarized light propagating along  axis 

 

 

 

 

 

 

 

 

 

 

 

 

     Jm
-2

s
-1

Electromagnetic energy flowing per unit area per second 

 

Intensity of electromagnetic wave I  

 

                             Jm
-2

s
-1

 = Wm
-2

 

 

Laser power  Energy emitted from a laser in 1 s.  W= Js
-1

 

 

Picosecond laser pulse with 1mJ average power 

              

                          Peak power = 
                                            

 

 

 

  

                                        Ex0 =
 
8.5 x 10

10  
Vm

-1   

 

òA focused picosecond laser beam produces a gigantic electric field.ó
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1.2 photon （光子） 

Wave–particle duality of light  

òLight is electromagnetic wave as well as photon.ó ⁸  

 

 

What happens if we repeat attenuation 15 times and make the gain 10
15

? 

 

Einstein-de Broglie formula: the magic that the Planck constant does 

 

 

 photon energy → quantity of photon 

 frequency of electromagnetic wave → quantity of electromagnetic wave 

 Planck constant 6.626×10
-34

 Js 

  

 

 

 

 

 

 

          5mW He-Ne laser    5×10
-3

 Js
-1 →  10

16
 photon s

-1
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1.3 Laser (雷射) 

Light Amplification by Stimulated Emission of Radiation 

  

Ideal light source for spectroscopy 

 

2-level model 

 

 

 

  

   Light attenuation (absorption) 

  

       

Normal distribution (T >0 ) 

 

 

 

 

              Light amplification (emission) 

                        

 

       Inverse distribution (T <0) 

 

He-Ne laser 

 

 

   
 

 

                                                        TEM00  TEM10  TEM11 

                                                            transverse modes 
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Characteristics of laser light 

 

a) Monochromaticity :   high spectral purity 

  

 

 

 

 

 

 

High resolution spectroscopy resolution 10
12

 

 

b)  High directionality  

       

Divergence angle 1mrad 

 

                                                                    

Sending laser light to moon and see the reflected light  

 

 

 

Focusing the reflected light with a 10 cm lens 

 

              

 

 

 

 

c)  

d)  High focusing capability  

 

Easy to focus into sub-micrometer scale 

 

Suitable for microspectroscopy 
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e)  High brightness  

  

High light energy can be put into a small solid angle 

 

High intensity laser field 

 

 

f)  High speed  

 

Ultra-fast pulsed oscillation 

 

 Q-switing  → nanosecond   10
-9

 s 

 Mode locking → Picosecond ~ femtosecond  10
-12

  10
-15

 s  

Ultrafast time-resolved spectroscopy  

 

cw Nd:YAG regenerative amplifier

cw mode-locked Nd:YAG laser

pulse compressor
dye laser

SHG

optical 
delay

sample

multichannel detector 
(CCD)

pump

probe

SHG

polychromator

sync. pumped

band-reject 
filter

variable 
ND

UV cut filter

dichroic 
mirror

dichroic 
mirror

SHG

PD

82 MHz
588 nm

294 nm
2.2 ps

588 nm
3.2 ps
3.5 cm

-1

amplifier

dye 
AO
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1.4 Spectrometer ( )  

a) Spectrometer 

   Dispersive monochromator/polychromator 

    diffraction grating  UV,  VIS,  Raman 

   Fourier-transform spectrometer 

     Interferogram                      Spectrum    FT-IR  

            Fourier transformation 

 

b)  Diffraction grating ( )  

 

 

 

 

 

 

 

 

Diffraction formula 

 

 

         m=0   0
th

 order light 

 

        m=1   1
st
 order diffracted light 

      

        mḷ2   m
th

 order diffracted light 

 

 

 

 

 

 

 

A Czerny-Turner monochromator 

 

S1

S2

M1

M2

G

S1

S2

M1

M2

G
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1.5 Light Detector ( )  

 

a) Light detector 

 

Single-channel    photodiode, photomultiplier (PMT) 

     → monochromator with an exit slit                         

Multi-channel     CCD (Charge Coupled Device) 

          → polychromator 

 

b)  Photodiode ( )  

   PNjunction 

 

 

 

 

 

 

 

 

 

 

 

 

 

c)  Photomultiplier  

  

 Pulse current 

 

 

 

 

 

                    

One photon → 10
6
 photoelectrons photon counting! 

 


