參、電子自旋共振定年法(Electron Spin Resonance Dating Method)


一.電子自旋共振(Electron Spin Resonance; ESR)基本原理


1.不成對電子本身因自轉而具有自發性磁動量


� EMBED Equation.2  ���


ms = Magnetic moment


mB = Bohr magneton = 9.27314 x 10-21 erg Gauss-1


g = Lande factor(used as g-value)


h' = Planck's constant(6.62554 x 10-27erg sec-1)/2p


S = Spin quantum number


(for a pure spin-magnetism, g-value=2.002319)


2.The g-value is characteristics of a simple paramagnetic center in a crystal lattice.  For a pure isolated spin of a free electron the g-value=2.002319.


3.If unpaired (s =1/2) electrons are submitted to an external static magnetic induction field H (in the z-direction), there are only two discrete possible orientations of the electron spin Sz with regard to the magnetic field: Sz = ±1/2h'


The magnitude of the magnetic moment in z-direction:


mz = (gmB/h')(±1/2h') = ±1/2gmB


4.The interaction of this magnetic moment (mz) of the electron with the external magnetic field H results in a splitting of the initial energy level (E0) into two discrete energy levels E+ and E- (Zeeman energies):


E+ = E0 + mzH and E- = E0 - mzH, so that


E+ = E0 + 1/2 gmBH and E- = E0 - 1/2 gmBH


△E = gmBH


5.By addition of external energy (e.g. in the form of microwave radition) it is possible to transfer electrons from the lower Zeeman level to the higher level.  Electromagnetic radiation can only exchange energy in the form of discrete quanta hn (n = radiation frequency).  Consequently the following resonance condition for the transfer of electrons must be met: hn = gmBH


h = Planck's constant(6.62554 x 10-27erg sec-1)


n = microwave frequency (sec-1=Hz)


H = magnetic field strength (Gauss)


6.The number of electrons (population) N+ and N- in the two levels are given by the Boltzmann distribution:


� EMBED Equation.2  ���


k = Boltzmann constant = 1.385 x 10-16


T = Temperature(K)


n* = in units of (109 sec-1) = GHz


7.Insertion of ( = 10 GHz and T = room temperature in the above equation yields an excess of only  0.16% electrons on the lower Zeeman level (E-), so the ESR signal at room temperature is caused only by 0.16% of all paramagnetic electrons.  Usually the population of trapped electrons of E- is higher than E+ and consequently the absorption of microwave power dominates.  This system, however, tends to equalize the population of both levels, that then will be neither absorption nor emission.


二.電子自旋共振(Electron Spin Resonance; ESR)定年的基本原理


1.Suitable ESR signal


a. Its amplitude is a function of the dose rate


b. it is missing in samples with an age of zero


c. it is thermally stable (at least one order)


d. there is no interference from neighboring signal


e. there is no anomalous fading


2.Determination of Accumulated Dose(AD=ED=TD)


a. additional method


b. interference factors: supralinearity, saturation, artificial dose rate


3.Determination of Dose Rate (D)


a. cosmic dose


b. water effect


c. external dose rate: inhomogeneities of radioactive elements on the sediments, Ra and Rn mobilization, Th-excess, Rb dose rate, variation in water content, plate-out effect


d. internal dose rate: radioactive disequilibria, Uranium uptake, Ra and Rn mobilization, 14C dose rate, Ra excess dose rate


三.ESR之設備


1.a stabilized magnet


2.a microwave bridge


3.an electrnic unit for signal processing


四.適用之材料


1. Carbonate: Speleothems, spring deposited travertine, mollusc shells, corals, tooth enamel


2. Quartz: heated ceramics, volcanic rocks, intrafault materials, windblow sediments


五.年代範圍


1.Speleothem－10ka(500yrs) to 1~2ma


2.Travertine－10ka to 1~2Ma


3.Mollusc Shells－a few ka to <500ka


4.Coral－a few hundred yrs to 250ka(500Ka)


5.Tooth Enamel－a few hundred yrs to 2~3ma


6.Quartz－Pleistocene


六.優點


1.標本可重覆測定


2.較適合老的標本及不透光的標本


七.缺點


1.chemical reaction, heat, pressure, shock, light attenuate 都會影響年代結果。


2.儀器較為昂貴
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