












































	 Home
	 Add Document
	 Sign In
	 Create An Account
































Raman Spectroscopy. Reading: Chapter 18 HW: 18-1, 18-2, 18-3, 18-4(a)









Raman Spectroscopy
Reading: Chapter 18 HW: 18-1, 18-2, 18-3, 18-4(a)
1
Outline • Theory of Raman Spectroscopy – – – – –
Rayleigh and Raman scatte... 




Author:
Sharleen Goodman 




 9 downloads
 0 Views
905KB Size



 Report







 Download PDF 






















































Recommend Documents














PCTS , 158, 159, , , 181, 182, 













 









IR and Raman Spectroscopy 













 









4.6 Raman Spectroscopy 













 









Fundamentals of Raman spectroscopy 













 









Resonance Raman Spectroscopy 













 









Surface-Enhanced Raman Spectroscopy 













 









Instrumentation for Raman Spectroscopy 













 









Vibrational Spectroscopy (IR, Raman) 













 









Surface-Enhanced Raman Spectroscopy 













 









Introductory Raman Spectroscopy 













 









Fundamentals of Raman spectroscopy 













 









molecular spectroscopy Introduction to Raman Spectroscopy 













 









Raman spectroscopy. Information from Raman Spectroscopy. characteristic Raman frequencies. composition of material. e.g. MoS 2 













 









Photometric Standards for Raman Spectroscopy 













 









Modern Techniques in Raman Spectroscopy 













 









Raman Spectroscopy. 1. Vibrational Raman Spectroscopy 2. Dynamical Light Scattering 3. Resonance Raman Spectroscopy of Cytochrome C 













 









GAS CHROMATOGRAPHY, RAMAN SPECTROSCOPY, & ESTERIFICATION 













 









Filament-based stimulated Raman spectroscopy 













 









Applications of Laser Raman Spectroscopy 













 









Raman spectroscopy setup. Operation Instructions 













 









RAMAN SPECTROSCOPY APPLIED TO GEMMOLOGY 













 









Raman Spectroscopy Theory and Aplications 













 









Surface Enhanced Raman Scattering Spectroscopy 













 









Raman Spectroscopy of Carbon Materials 













 
















Raman Spectroscopy



Reading: Chapter 18 HW: 18-1, 18-2, 18-3, 18-4(a)



1



Outline • Theory of Raman Spectroscopy – – – – –



Rayleigh and Raman scattering Origin of Rayleigh and Raman scattering Wave model of Raman and Rayleigh scattering Resonance Raman Comparison of IR absorption and Raman scattering



• Raman Instrumentation • Applications of Raman spectroscopy 2



Light scattering: Light scattered (deflected) by local variations in refractive index caused by the presence of dispersed species
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Light scattering When a particle (e.g., molecule, atom, or ion) is subjected to an EM wave, light scattering happens if the particle have dimensions about the order of magnitude or smaller than the incident light λ. Light scattering • Mie scattering: Light scattered (deflected) by local variations in refractive index caused by the presence of dispersed species whose size is comparable to the λ of the incident light. •Rayleigh scattering: Light scattered (deflected) by local variations in refractive index caused by the presence of dispersed species whose size is much less than the λ of the incident light.



Structures producing scattering



λ (µm)



Spectral region
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infrared



Maximum Particle Size (approximate dimensions) (µm) 15



0.5



visible



0.75



0.001



X ray



0.002



Incident Radiation



Responsible for scattering type of aggregate large colloidal particles colloidal particles, macromolecules small molecules, atoms



Source: Strobel & Heineman, Chemical Instrumentation: A systematic approach, pp 221.
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Rayleigh and Raman scattering Incident radiation induces an oscillating dipole in small objects like molecules. •The oscillating dipole re-radiates virtually all the incident energy immediately as a second wave of the same frequency. (Rayleigh scattering) •The incident radiation can also interact to a small degree with molecular motions such as vibrations. As a result, some oscillating dipoles radiate at new wavelengths (Raman scattering).
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Origin of Rayleigh and Raman scattering Stoke lines: Raman transitions originate from the lowest vibrational level of the ground electronic state. No change in λ



(Polarized form )



E not quantized



E1 E0



Anti-Stoke lines: Raman transitions originate from an excited vibrational level of the ground electronic state. The wavelength shift in Raman scattering corresponds to the energy involved in a change in vibration for an analyte. (i.e., Raman λ shift and the IR absorption peak λ are identical.) The magnitude of Raman shifts are independent of the wavelength of excitation. 6



Origin of Rayleigh and Raman scattering



nc y hi em ghe iss r-fr ion equ e



Lo em wer iss -fre ion qu en cy



The incident light causes excitation to a virtual level j and subsequent reemission of a photon of lower or higher energy.
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Wavenumber shift ∆ν = ν~ext −ν~v



Raman spectrum of CCl4 excited by 488.0 nm laser radiation. (The number above the peaks is the Raman shift.) 8



Classical ClassicalWave WaveModel Modelof ofRaman Ramanand andRayleigh RayleighScattering Scattering µinduced = α 0 E0 cos(2πν ext ) +



Diatomic moleculesof e ol ent p Di om m



e th av g w n e r M St e E th



Rayleigh



µinduced = αE



E0 ⎛ dα ⎞ ⎟ cos[2π (ν ex −ν v )t ] + rm ⎜ 2 ⎝ dr ⎠ Raman (Stokes)



E = E0 cos(2πvext ) ⎛ dα ⎞ Polarizability α = α 0 + (r − re )⎜ ⎟ ⎝ dr ⎠



r − re = rm cos(2πν v t )



eq internuclear distance



Vibrational frequency



⎛ dα ⎞ α = α0 + ⎜ ⎟rm cos(2πν v t ) ⎝ dr ⎠ α at eq internuclear distance



µinduced = α 0 E0 cos(2πν ext ) + ⎛ dα ⎞ E0 rm ⎜ ⎟ cos(2πν ex t ) cos(2πν v t ) ⎝ dr ⎠



cos x cos y = [cos( x + y ) + cos( x − y )] / 2



E0 ⎛ dα ⎞ ⎟ cos[2π (ν ex +ν v )t ] rm ⎜ 2 ⎝ dr ⎠ Raman (anti-Stokes) To be Raman active, the polarizability of a bond must vary as a function of the distance between nuclei.



∂α >0 i.e., ∂r
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Raman scattering: The excitation frequency has been modulated by the vibrational frequency of the bond. The modulation gives rise to sum and difference frequencies, νex + νv and νex - νv .



∆ν = ν s −ν ex = (ν ex +ν v ) −ν ex =ν v If a compound is both IR and Raman active, frequency shift is the same as IR absorption frequency.
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IR-active vs. Raman active IR-active: dipole moment change Raman active:



∂α >0 ∂r



N2, O2, etc: IR inactive, but Raman active



IR: inactive Raman: active



IR: active Raman: inactive



IR: active Raman: inactive



IR: active Raman: inactive
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1.



Several peaks have identical IR abs ν and Raman ∆ν.



2.



The relative size of the corresponding peaks is quite different.



3.



Certain peaks present in one spectrum but absent in the other spectrum.



Comparison of Raman and IR spectra for mesitylene and indene 12



Raman scattering vs. IR absorption • •



IR active: a vibration mode of the molecule have a change in dipole moment. Raman active: a momentary distortion of the electrons distributed around a bond in a molecule, followed by re-emission of the radiation as the bond returns to its normal state. – Nonsymmetrical molecules: all vibrations are Raman-active. – Symmetric molecules: some vibrations could be Raman-active but IR-inactive.



•



Raman scattering of water is weak, but IR absorption of water is very strong: Raman is particularly suited for biological applications. – Aqueous solution can be studied by Raman but not by IR, a useful feature for biological samples



•



•



Resonance Raman can obtain information about the electronic excited states; signal enhancement can be 104-106 (thus, sensitivity and selectivity are excellent); IR absorption provides only vibrational information in the electronic ground state. Raman scattering: glass or quartz cells can be employed, avoiding the inconvenience of working with NaCl or other atmospherically unstable window materials. 13



Intensity of scattering 4 2 8π α 2 I s = 4 2 (1 + cos θ ) I o λr α: polarizability of the particle. The greater the polarizability, the greater dipole moment induced by an EM field. θ: the angle between the incident and scattered ray. r: the distance from the center of scattering to the detector.



Is α



1



λ4



More of the blue light is scattered than red light. Æ This explains why the sky is blue.



Because the amplitude of the Raman scattering frequencies is quite small, only with an intense monochromatic source like a laser is Raman spectroscopy routinely feasible.
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Example: Ordinarily, Raman transitions are given in wavenumbers. What is the wavenumber of a Stokes line that appears at 680 nm when the exciting light is the 632.8 nm wavelength of a helium-neon laser? What will be the wavenumber and wavelength of the corresponding anti-Stokes transition? Solution



ν ex −ν v =



1



λs



=



1 = 1.474 × 10 4 cm −1 −7 680.0 ×10



1



1 4 −1 ν ex = = = 1 . 580 × 10 cm λex 632.8 ×10 −7 ∆ν stoke = 1.580 × 10 4 − 1.470 × 10 4 = 1.10 × 103 cm −1 ∆ν anti − stoke = 1.10 × 103 cm −1



λanti − stoke =



1 1 −5 −1 = = 5 . 92 × 10 cm = 592nm ν ex + ν v (1.58 × 10 4 + 1.10 × 103 )
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Energy conditions to generate normal Raman vibrational spectra • An incident photon must have an energy substantially larger than that required to excite vibration. • The incident photon must have less energy than is needed to produce electronic excitation. Both conditions are satisfied by wavelengths in the visible/near -IR region.
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Resonance Raman: Raman line intensities are greatly enhanced (102 – 106) by excitation with wavelengths that closely approach that of an electronic absorption peak of an analytes. •Higher sensitivity than normal Raman lines •Resonance Raman spectra usually consist of only a few lines. •High selectivity. (excitation can be targeted for specific absorption bands) In resonance Raman, relaxation to the ground state is not preceded by prior relaxation to the lowest vibrational level of the excited electronic state. Time scale: Raman, 10-14s; Fluorescence,10-8s Weakness of resonance Raman: interference by fluorescence



(a) Resonance Raman



(b) Fluorescence
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Raman Instrumentation • Laser source • Sample illumination system • Spectrometer
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Light Light Source Source



blue green



visible



Near IR Near IR: (1) Can be operated at much higher power w/o causing photodecomposition of the sample. (2) Not energetic enough to populate a significant number of fluorescence-producing19 excited electronic state.



514.5nm: Argon ion laser. 1064 nm: Nd/YAG laser
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Sample Illumination System Simpler than IR spectroscopy • glass can be used as optical component materials in Raman. •Laser source is easily focused on a small sample area + emitted radiation efficiently focused on a slit.



Examples : liquid samples



1 mm o.d. 5 cm long 21



Detectors Detectors UV-Visible Region: Cooled Photomultiplier Tube, CCD, Photodiode arrays Near IR Region: Germanium Transducer
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Applications of Raman spectroscopy • Raman spectra of inorganic species – Theoretical verification and structural studies of inorganic system – Able to handle aqueous solutions – Metal-ligand bonds (100-700 cm-1, difficult to study by IR)



• Raman spectra of organic species – Similar to IR • Functional group detection & fingerprint region for compound identification



– Complimentary with IR • Example: C=C stretching weak in IR but intense Raman line at 1600 cm-1 • Position sensitive to the nature of substituents



• Biological applications – Aqueous solution – Small sample size – Conformational & environmental sensitivity.
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