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2.26  Raman Spectrophotometry  1 

(ラマンスペクトル測定法) 2 

 3 

Raman spectroscopy is a vibrational spectroscopic tech-4 

nique, which evaluates a sample to be examined qualita-5 

tively or quantitatively by analyzing a spectrum obtained 6 

by dispersing very weak scattered light, having different 7 

wavelengths from irradiation light, generated when the 8 

sample is irradiated with the light. Raman scattering is ob-9 

served when the polarizability of molecules changes with 10 

the vibration of chemical bonds of molecules in a sample. 11 

Raman spectroscopy generally uses monochromatic la-12 

ser light as excitation light. When the laser light is irradi-13 

ated to the sample to be examined, the molecules in the 14 

sample is excited and the light with the same wavelength 15 

of the irradiation light, known as Rayleigh scattering, is 16 

scattered. The scattered light detected in the shorter wave-17 

length side than the Rayleigh scattering is referred to as 18 

anti-Stokes scattering. The scattered light detected in the 19 

longer wavelength side than the Rayleigh scattering is re-20 

ferred to as Stokes scattering. Generally Stokes scattering 21 

with strong Raman scattering intensity is used for analysis. 22 

Raman spectra are usually indicated by Raman shift (cm-1) 23 

or wave number (cm-1) on the horizontal axis and Raman 24 

scattering intensity on the vertical axis. 25 

  Raman spectroscopy is capable of measuring samples 26 

(solid, semi-solid, liquid, gas, etc.) rapidly and non-de-27 

structively without pre-treatment. Application of Raman 28 

spectroscopy in the pharmaceutical field includes qualita-29 

tive or quantitative evaluation of the active pharmaceutical 30 

ingredients and additives in drug substances or drug prod-31 

ucts. Raman micro-spectroscopy can be used for the evalu-32 

ation of the distributions of active pharmaceutical ingredi-33 

ents and additives in the drug products. Moreover, Raman 34 

spectroscopy can also be used for the evaluation of the 35 

physical conditions of substances, such as crystal form and 36 

crystallinity. Furthermore, using an optical fiber probe en-37 

ables it to measure the spectra of samples at a location re-38 

mote from the equipment body without sampling, so that it 39 

can be used to perform pharmaceutical manufacturing pro-40 

cess control online (or in-line). 41 

1.  Apparatus 42 

Raman spectrometers are composed of a light source unit, 43 

a sample unit, a spectrometry unit, a detector unit, a signal 44 

processing unit, a data processing unit and a display-rec-45 

ord-output unit. Raman spectrometers are classified into 46 

dispersive Raman spectrometers and Fourier transform Ra-47 

man spectrometers according to their spectroscopic meth-48 

ods. 49 

1.1.  Light source 50 

  The laser which stably emits monochromatic light as ex-51 

citation light to samples is used for the light source. The 52 

lasers include gas lasers such as a He-Ne laser and solid 53 

state lasers, and select a laser with wavelengths and output 54 

power according to the purpose. Pay attention to safety 55 

standards relating to a laser, when this test is performed. 56 

1.2.  Sample unit 57 

  The sample unit is composed of an optical system for 58 

collecting Raman scattering light generated by irradiation 59 

of excitation light and a sample cell. Combination of these 60 

take the form of a sample chamber, while there are appa-61 

ratuses with no sample chamber, such as optical fiber 62 

probes and portable Raman spectrometers that can be car-63 

ried. Representative sample chambers are macroscopic 64 

sample chambers and microscopic sample chambers. The 65 

components of these optical systems are different, respec-66 

tively. 67 

1.3.  Spectroscope unit and detector 68 

  Many dispersive Raman spectrometers use an optical fil-69 

ter to eliminate excitation light and use a single mono-70 

chromator combined with a multichannel detector, since 71 

the configuration is simple and high sensitivity can be ob-72 

tained. Detectors include multiple elements detectors and 73 

single element detectors, and general dispersive Raman 74 

spectrometers use a multiple elements detector such as a 75 

CCD detector. 76 

  Fourier transform (FT) Raman spectrometers obtain 77 

spectra by Fourier transformation of interference wave-78 

forms using an interferometer. FT-Raman spectrometers 79 

are mainly used for near infrared Raman measurement. 80 

2.  Measurement methods 81 

The Raman spectrophotometry is applicable to solid 82 

samples having a complicated shape in addition to gas/so-83 

lution samples inside a glass sample cell being transparent 84 

in the visible region, using mainly light in the visible region 85 

as excitation light. In the view of the size of a measurement 86 

region and Raman scattering efficiency, an optimum opti-87 

cal system is selected according to the sample. The excita-88 

tion wavelength, the measurement mode of the apparatus, 89 

etc. should be selected and set. 90 

2.1.  Macroscopic measurement 91 

Since the macroscopic sample chamber has a high de-92 

gree of freedom in the scattering configuration, samples 93 

can be measured irrespective of solid, liquid, gas, size and 94 

shape. It is also applicable to Raman measurement under 95 

low temperature, high temperature and high pressure which 96 

require the setting of a large sample cell. Usually, in the 97 

macroscopic sample chamber three configurations: forward 98 

scattering, 90° scattering and back scattering configura-99 

tions, can be usable and an appropriate scattering configu-100 

ration can be selected depending on a sample. 101 

2.2.  Microscopic measurement 102 
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  The microscopic sample chamber is based on an optical 103 

microscope and applicable to local analysis. In the optical 104 

system of the microscopic sample chamber a microscope 105 

objective lens works simultaneously as an excitation light 106 

converging lens and a Raman scattering light condensing 107 

lens. 108 

  Mapping measurement repeats local measurements by 109 

moving a sample or laser light position to generate a Raman 110 

image showing the two or three dimensional distribution of 111 

Raman scattering intensity. Raman images are made by us-112 

ing various spectral information such as a ratio of the inten-113 

sity of two bands. 114 

2.3.  Probe measurement 115 

  The optical fiber probe is the collective term of the ap-116 

paratus of which sample section is separated from a Raman 117 

spectrometer body by using an optical fiber and is applica-118 

ble to in situ measurement and on-line (or in-line) measure-119 

ment. 120 

2.4.  Measurement by portable apparatus 121 

  The portable Raman spectrometer is possible to carry 122 

and perform analysis using Raman spectroscopy outside of 123 

laboratory. Main application of this apparatus is judgement 124 

on acceptance of pharmaceutical materials. It is used for 125 

rather simple measurement. 126 

2.5.  Points to note in measurement 127 

  Note the following points for solid, liquid and suspended 128 

samples. 129 

(i)  Measurement of solid sample: There is a possibility 130 

that the filling status,  the difference in the particle diam-131 

eter and the roughness of the surface of the sample could 132 

affect the scattering intensity. When measuring a crystal-133 

line sample, be careful about the effect of crystal shape. 134 

There is also a possibility that the light transparency of the 135 

sample affect the spectrum intensity. When a sample is 136 

physically and chemically inhomogeneous, it might be rec-137 

ommended to enlarge the spot size of laser irradiation, 138 

measure plural samples, measure the plural points of the 139 

same sample or crush the sample to homogenize. 140 

(ii)  Measurement of liquid sample: It is possible to 141 

subtract the spectrum of the solvent if there is no interaction 142 

between the solvent and the sample. When there are insol-143 

uble matters in solution, remove the matters using a filter 144 

before measurement not to obtain the Raman scattering of 145 

the matters. When  a sample shows high reactivity by la-146 

ser irradiation in solution, measure the sample by  stirring 147 

carefully not to irradiate the same place. 148 

(iii)  Measurement of suspended sample: A suspended 149 

sample may settle, so be careful about the positioning of 150 

laser irradiation. For samples that are prone to settle, devis-151 

ing measurement such as optimizing the irradiation time 152 

and stirring might be helpful. When the Raman scattering 153 

of a suspended sample is weak, it is also possible to subtract 154 

the spectrum of the solvent likewise the case of measure-155 

ment of a liquid sample. 156 

3.  Factors that affect spectrum 157 

When Raman spectroscopy is applied, note the following 158 

items as factors affecting spectra. 159 

3.1.  Temperature of sample 160 

  Sample heating by laser irradiation can cause a variety 161 

of effects, such as physical form change (melting and burn-162 

ing) and polymorph transform. Since the chance of sample 163 

heating is increased  when the spot size of laser irradiation 164 

at the sample is squeezed, be careful not to damage sample 165 

when microscopic measurement is carried out. To prevent 166 

the sample overheating, a variety of methods can be em-167 

ployed such as suppressing laser output, irradiating a laser 168 

without focusing and cooling a sample. 169 

3.2.  Sample characteristics 170 

  Since Raman signals are very weak, the fluorescence of 171 

a sample itself and minute impurities may interfere with 172 

Raman scattering light. Fluorescence can be reduced by 173 

choosing an excitation light source with a longer wave-174 

length, however be careful that it generally decreases the 175 

intensity of the Raman scattering. Photobleaching resulted 176 

by laser irradiation before measurement, appropriate irradi-177 

ation time and accumulation count may mitigate the fluo-178 

rescence. 179 

  When measuring a colored sample, select the wave-180 

length of an excitation laser depending on the absorption 181 

characteristics of the sample. When measuring a sample in 182 

a container such as, a cell for measurement, a bag or a bottle, 183 

take careful note of  the spectral characteristics derived 184 

from the container in addition to the sample. 185 

4.  Control of apparatus performance 186 

Estimate the accuracy of Raman shift wave numbers af-187 

ter adjusting a Raman spectrometer. Measure Raman spec-188 

tra using an excitation laser utilized for actual measurement 189 

and a standard substance  such as calibrated polystyrene. 190 

In the cases of 2.1., 2.2. and 2.3., make correction using 191 

at least three wave numbers among the below peak wave 192 

numbers (cm-1) obtained from the spectrum of polystyrene. 193 

The number in parentheses indicates the permissible range. 194 

620.9 (±1.5) 195 

1001.4 (±1.5) 196 

1031.8 (±1.5) 197 

1602.3 (±1.5) 198 

3054.3 (±3.0)  (Note: 3054.3 cm-1 cannot be measured 199 

depending on an excitation wavelength.) 200 

In the case of 2.4., make correction in the same manner 201 

using at least three wave numbers (cm-1) among the below 202 

peak wave numbers. 203 

620.9 (±2.5) 204 

1001.4 (±2.0) 205 
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1031.8 (±2.0) 206 

1602.3 (±3.0) 207 

Other substances such as cyclohexane can be used as a 208 

standard substance, if it is validated. 209 

5.  Qualitative and quantitative analysis 210 

5.1.  Qualitative analysis 211 

  As Raman spectroscopy observe the vibrational energy 212 

of a molecule and can obtain a characteristic spectrum de-213 

pending on the structure of a substance to be analyzed, 214 

qualitative analysis based on chemical structural infor-215 

mation can be performed. 216 

  When the Raman spectra of a sample and the Reference 217 

Standard of a substance to be identified are compared and 218 

both spectra exhibit similar scattering intensities at the 219 

same Raman shifts, the identity of those can be confirmed.  220 

When a sample treatment method for a solid sample is 221 

indicated in the monograph in the case of nonconformity of 222 

the scattering spectrum with that of the Reference Standard, 223 

treat the sample and the Reference Standard under the con-224 

dition as directed in the monograph, then repeat the meas-225 

urement. 226 

  When the characteristic scattering wave numbers of a 227 

substance to be identified are specified in the monograph, 228 

the clear appearance of the scattering of a sample at all the 229 

specified scattering wave numbers can confirm the identity 230 

of the sample with the substance to be identified. 231 

Raman spectroscopy is also applicable to the process 232 

control of drug substances or drug products by using a score 233 

obtained from a Raman spectrum by a chemometric meth-234 

odology such as principal component analysis, and charac-235 

teristic peak wave numbers of the substance to be examined, 236 

as indices. 237 

5.2.  Quantitative analysis 238 

The quantitative analysis can be  performed by devel-239 

oping a calibration model about a spectrum measured using 240 

an existing standard sample by a chemometric methodol-241 

ogy, applying the model to the spectrum of the sample to 242 

be examined and calculating the concentration of each 243 

component in the sample. Chemometric methodologies for 244 

obtaining a calibration model include multiple regression 245 

analysis method, principal component analysis method and 246 

PLS (Partial least squares) regression analysis method. 247 

  In the case where the composition of a sample is simple, 248 

the concentrations of components to be analyzed in the 249 

sample can be calculated by a calibration curve plotting the 250 

relationship between scattering intensity at a specified 251 

wave number and concentration. 252 

  The variation of peak intensity at around the reference 253 

values of wave numbers using a standard sample, for ex-254 

ample,polystyrene etc. used in 4., is preferable to be within 255 

±10% compared to that obtained in the last measurement. 256 

 257 


