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拉曼光谱定义

拉曼散射光谱:1928年C.V.拉曼实验发现，当光穿过透明介质

被分子散射的光发生频率变化，这一现象称为拉曼散射，同
年稍后在苏联和法国也被观察到。靠近瑞利散射线两侧的谱
线称为小拉曼光谱；远离瑞利线的两侧出现的谱线称为大拉
曼光谱。瑞利散射线的强度只有入射光强度的10-3，拉曼光谱
强度大约只有瑞利线的10-3。小拉曼光谱与分子的转动能级有
关，大拉曼光谱与分子振动-转动能级有关。分子能级的跃迁
仅涉及转动能级，发射的是小拉曼光谱；涉及到振动-转动能
级，发射的是大拉曼光谱。与分子红外光谱不同，极性分子
和非极性分子都能产生拉曼光谱。

激光器的问世，提供了优质高强度单色光，有力推动了拉曼
散射的研究及其应用。拉曼光谱的应用范围遍及化学、物理
学、生物学和医学等各个领域，对于纯定性分析、高度定量
分析和测定分子结构都有很大价值。





Sir Chandrasekhara V. Raman

Discovery year: 1928

Raman won the Nobel Prize in 
Physics in 1930 for this discovery 
accomplished using sunlight, a 
narrow band photographic filter to 
create monochromatic light and a 
"crossed" filter to block this 
monochromatic light. He found that 
light of changed frequency passed 
through the "crossed" filter.



What Exactly Is Being 
Measured?

METHANE

When Light hits a 
sample, It is Excited, 
and is forced to vibrate 
and move. It is these 
vibrations which we are 
measuring. 





Energy Scheme for Photon Scattering

拉曼散射光谱示意图



Δν称为拉曼频率（或拉曼频移，通常用波数cm-1

表示）,是由散射系统本身的性质所决定, 对应于
物质的某两个能级(振动、转动或电子能级)之间
的差值，即hΔν=ΔΕ。它与入射光频率ν0无关,
仅取决于样品分子本身固有的振动和转动能级的
结构及状态，选用不同频率的激发光都可以观察
到相同的Δν值。拉曼光谱谱峰通常较狭窄，具有
准确的特征标志，拉曼频移物质结构的任何微小
变化都会非常敏感反映在拉曼光谱中，所以Δν可
用来对物质进行结构分析。而拉曼强度反映了分
子在不同能级上的分布和跃迁几率，而且正比于
物质分子的浓度，可以用来对分子含量进行定量
分析。
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Raman Spectrum
A Raman spectrum is a plot of the intensity of Raman scattered radiation as a 
function of its frequency difference from the incident radiation (usually in units of 
wavenumbers, cm-1). This difference is called the Raman shift.

Raman Spectrum of CCl4











Applications:







Why use SERS?

High sensitivity

Specificity

Valuable tool for analyzing mixtures

Low-power lasers and low magnification optics 

are suitable to acquire SERS spectra in very short 

acquisition times (typical ~10 s). 

Many applications—biochemistry, chemical 

manufacturing, environmental detection, forensics.





Minireview of the applications and challenges in nanohole arrays 

Schematic diagram of SERS















“Applications of Reproducible SERS Substrates for Trace 
Level Detection” (sic – 300 ppm should read 300 ppb)



SERS增强机理

1.电磁增强机理

2.化学增强机理

避雷针效应模型

表面镜像场模型

表面等离子体子共振模型

活位模型

电荷转移模型
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