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A New Type of Secondary Radiation

C. V. RAMAN & K. S. KRISHNAN

Nature 121, 501-502 (1928) | Cite this article
16k Accesses | 1265 Citations | 59 Altmetric | Metrics

IF we assume that the X-ray scattering of the ‘unmodified’ type observed by Prof.
Compton corresponds to the normal or average state of the atoms and molecules, while
the ‘modified’ scattering of altered wave-length corresponds to their fluctuations from

that state, it would follow that we should expect also in the case of ordinary light two
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weew found was not i oxsstenco even n thowsasd
20 the possibilty of tho Shgo flakes being

.g:tn primitive stone anchors should be ukun

;lt? u'ﬁmldmtlnn when attempting to fix  their

These facts are no doubt known to the five signa.
torica of the letter referrad to, yot wa think it worth
whils to plees an recard any ovidence which might
neriet, in the cluoidntion of the oultural age of the
artoinots in question,

L. 8, Paruxn,

J. Wowrmn Jaorsox,
W. O'H. Prenow.
Collige of Tenhinology,
nnchwster, Mar. 1.
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A New Type of Secomdary Radiation.
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-pundu to the normal or u\mgu stute uf tlm -unmu
and moleculim, while the “modified ¥ scattoring of
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from that state, # woukl follow thot we shoukl expecs
also in the case of ondinury light Lwo Ly pea of seattor.
itg, ano determined by the 1 optical proporties
of the atotrs or molocules, and
tho offect of teir floctoations from their nomsal
wtate, It beoomes necoeary  to test
whether this is actually the case. 'l'hocrp«-nmu
we have made have oonfinsed this antsclpation, and
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shoun that m every csss in which light ix scattered |
the molecules in dustfreo Iquids or gases, the
fruse radiaton of the ordinary kind, hmlnzthn umo
wave-leagth o8 the incdent
& modified seattored madstson of &gmlad
The new type of Light scat dioon byua
nuturnlly nqwu vory powerd illulumahal for
its ohservation, om expm-num. a buun of wan-

u wos  convenged m\ﬂg - ku.\o‘\‘o
joeumoflﬂcm.opedumusd #0 o foenl length,

and by a socorsd lons of & em. focol length, At the
focas of tha ascond leva W the scatterng
mutesial, which i eithee & liquad (carclully paritied by
w«i distallntion tu eacuo) or s dust-froe vapour,
T.: » tbewu:‘uod-mudnﬁodmh-;]ulmh
tion, the method of complementary t-filters wis
usod. A bluewviokee filter, when coupled with

yollov: mur.ingmm m th kdtholgh through
o0k ui e trac! t
the ploqm; or ur.  The roappearsnce otw'&e
trnck when the ) w filter i teansdorrad 1o & o
betwosn it and the ohsecver's oye ix pevof tho

existene of o modified scottared rudistion.  Spectra-

o comfirmation 3 also available,

sixty differenit common liguids have beea ex-
argined in this way, and every one of them showed the |

wlfect in greater or leaw That the effect is a
true scattori nndnnt- o indicated in
the first plaoe by its foebk n won with the
ordinnry ouum and ntnndly by its palarisation,
which & in meny euua» strong and comparahle
with the polarisation of soattering, The
mmt tkm o muxmlly xnuc more difffioult in the

.& to the excessive
fubl-nu- of the Nevorthokss, when the
vapour # of sufficent density, for example with
ether or amylene, the modified scattnring @ rendily
demonstrable,

C. V. Raseaw,
K. 8. Knsaxax,
210 Bowhsaar Steves,
Calouttn, Indin,
Feb, 16
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‘ excopt. ciresamnstances,
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with soch quantities of parr-food that it ix teenpted
10 peuloog unpnnlnfu In Amarioa, whon thero are
no trout, the sulimon form freed-water colomits more
readily.
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Britiah Mmu {Nautural History ),
W.%, Maor, 17,

Avnonsalous Groups in the Pertodic System
of Elements.

In = whach will shortly in the Rend.
( Acend, Limesi, I have coloudated the distribution of
the electrons In a heavy atom. The clectrons were
considered as forming on atmosphere of completaly
degenerated gas beld o proximity to the nocdsus by
- tha attenction of the nuclear charge soreensd by the
- olpetroes.  Formube wore given for the density of
* the elsctross and the
diuluxo from the nuclews.
, In continwation of the previous waork, I have
{ u:e SR mubod to 0& atudy of the (orm:-‘
n of in
elemanta., !'mm tmtllr of m:mm
thair veacity dmstribation, one can & cdnuln(o
how many electrons bhave a given r Mo
tum in motion sbout the nue thot lll.
how man ‘y eloctrons bavo o given azimuthal quantum
numbee

IGHW for . that the .wtbo- of the
rou L emmﬂh m.upornd:

5( ns in 4, orbits, that Is, to the presence
the atam of edectrons with kd.Nwltfolbwn

from the theory that electrons with b =4 oxist in
the normal state only for as with

2 55 This ogrees well with the empiricsl nesalt
l::tithogwpofthommbmnsu: 5%
s

(ﬁmih)'rx‘thnboundlng 3, electroms with k=3
COrTrepa to the anomaly of the first great period
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Aeyepuévn niektpoviakn otdbun E,
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Anti - Stokes
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OeueMmonc evepyelokn otadun. E,
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KAlaow) weprypa@r Tov @arvopévov Raman.

"Eva ToAavTevONEVO YPOVOECUPTNUEVO NAEKTPLKO TESGLO TEPLYPAPETUAL OTTO TNV GYEOT

\ /\ ,
2oyvotnta

[TAGTOG TNC TAAGVTOONC E(t) _— E 0 COS ZTCVOt TPOCTNTOVGOG
axtvoPoAiog
ANNAerudpwvtag HE Eva HOPLO, TOU EMAYEL pLat SUTOALKN pomn, ov divetal anod tnv oxéEon
Hhextpucn
o pomi P=agE=aE;cos2nv,t

N

AV TO pOpLo HOVELTAL HE PO GVYVOTNTA V,, TOTE 1] HETATOMIGN TOL TVPN VA Oa sivon:

[MoAwopoétto

q=qgcos22mv,t

[TAdTtog d6vnong \j
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o piKkpég peTaTomioers, 1 TOAMGIUOTI T UTOPEL VA YPAPEL O YPUUUIKOS GVVOVUGUOS
NG GTONAKPLVONS (.

a=aq, +(0a/dq) q¢ + ....

H
TOAOGIUOTNTO,

TPEMEL VOL
aAlalet

YUVETOG , 1| OLITOMKY] PO, LTOPEL VO EKPPAOTEL OG:

P=a E,cos 2m v, t

@ cos 2. v, OF %2 (00/0q)y qoE @TC(VO +Mn(v0 - v )]

Rayleigh Anti - Stokes Stokes

Axx QAxyy Qxz

Azx QAzy Qzz
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Kiaoikn mweprypaon

Heprypa@el emapraS ATOTVYYAVEL VO
TO QULVOULEVO npoPfréyel cowoTa TOV

AOY0 TOV EVTAGE®YV
Stokes, Anti - Stokes

IStokes /IAnti-Stokes = (VO -V, )4 / (V 0 +v A-S )4 < 1
Xg avtifeon NE TO TEWPUROATIKA OTOTELECHATA

H kBavtounxaviky Oswpnon, divel tnv cwotn mpdfAsedn yia tov Adyo
Twv evtacewv Stokes — AntiStokes o omoiog eivau:
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(a) Right-angle scattering
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VV configuration ’ VH configuration
Escr
ES(.‘T
y y
Epp Emp
’ ’ Alay®vio oTotyeion TOV
—\ __ JeXpt/— 4 yeXpt / — TOVUOTH TNG
1 ISO (V) VYV (V) §I VH (V) mohwolpdmTac. Movo
TANPOG TOADUEVEGS
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[ ANISO (I_/) — Iy (1—}) ——>  Mn dwyovia ctorygio
TOL TOVVGTN TNG
TOAOGCIULOTNTOGC.
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Ilcd lgt( ) _ (1—}0_17)—417 [l’l(l_/, T) + 1]—1 I(SEXPt

Stokes tokes

BP 0.5ZnC1-05znBr, | [ 0.5ZnC1-0.5ZnBr.

300°C

Relative Intensity [arb. units]

l-'\\lSU M
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Raman Shift [cm™]

S. N. Yannopoulos, A. G. Kalampounias, A. Chrissanthopoulos and G. N. Papatheodorou, J. Chem. Phys. 118,
3197 (2003)



1o ocvotnuo Mg — Si0,

[Tvprtikd cvotuata pe Moyvicilo

[TAnpogopieg yio tnv doun Kuwmtikd povopeva

DuoIKOYMUIKES O1EPYOGTEC

» Eivan vAkd pe peyddn yewAoyikn onuocio, kobmOC omavIOVIOL OE
NEUOTEINKA TETPOUATO, TOPEYOVTOS TANPOPOPIES Y10 TO E6MTEPKO TNC I'MC.
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= Forsterite
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Wavelength (microns)

Crystalline Silicates in Protostar HOPS-68 Spitzer Space Telescope * IRS

NASA / JPL-Calkech / C. Potect (Univ, of Toledo) s5¢2011-06b

Using NASA's Spitzer Space Telescope, astronomers have, for the first time, found (2011)
signatures of silicate crystals around a newly forming protostar in the constellation of
Orion. The crystals are from the olivine silicate minerals known as forsterite, and are
similar to those found on the green sand beaches of Hawaii.
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2ootnuo._x MgO — (1 —x) S10,

‘Eyouv pekemnfel extevog oto moapeABov

Alyn éuepoaom €xelr 600el og
VOAOL TTOV ONUIOVPYOVVTOL GTO GVLGTN LA CVTO.

OLGTAGELC TAOVGLEC 6 MgO

MelemOnkav 01 GLoTACELS

XMe0 0.52, 0.54, 0.56, 0.58, 0.60, 0.62, 0.64,
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®dopota Raman vaiov xMgO-(1-x)S10,

(o) daopata e oyeTkng Eviaons Raman tov véiwv
oL peAeTnONKAV.
(B) ®acuoata e avnyuévng éviaons Raman towv véiwv
oL peAeTnONKAV.
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Raman Shift [cm™]
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A. G. Kalampounias, N. K. Nasikas and G. N. Papatheodorou, J. Chem. Phys. 131, 114513 (2009)
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daopa Raman xapunAwv cuxvotitwv (LFR)
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» Avnyuévo ®¢ mPoc TNV oLYVOTNTO MUIAOYUPIOMKSO OIYPOUID YO TIC
molwoelg VV ko VH.

» Mukpéc petafoAréc yio 1o €0pog TS KOPLPNG.
> To péytoto e kopveNg Tapouével tepimov otabepd (95 +3 cm! )

> Idwntépme peydin cvyvoétnta yio v Kopven Boson avaueca ce 6Aa to
aAvVOPYOVO, YUOOALYL KO AVETNPEAGTY TG GVGTUCTC.



Reduced Isotropic Intensity R,

Ieproyn péomv cvyvoritov 600 — 800 cm!

O dovijoeLs Kapync.

0.5MgO-0.58i0,

®)

“*H avéivon yio tnv meproyn pécmv
GUYVOTNTOV £YIVE LIE TN XPTOT TPLOV
YPUPIKOV Topactacemv Gauss yio Tnv
aVOTOPAoTACT TOV OOVIICEDY TOV
TpoKaAoVVTAL oo Ta, didpopa £idn Qn

Ogpeihovtor 6e OOVNOELS TV
aivcidwv S1— O - Si



Reduced Isotropic Intensity R,

Ieproyn vynrov coyvotijtov 800 — 1200 cm!

Ta gton Q"

N\

0.5Mg0-0.58i0, )
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P Ve z\ AN l

0.5MgO-0.58i0, )

0200400600800\/1200

0 200 400 600 8001000 /12

0. 667Mg0—0 333Sl }:

0.667MgO-0.3335i(/ g

¢ [Tapovcidlovtat Ta GAGLOTO Y10 TIG
dv0 akpaieg cvotdoelg S0mol% kot
66.7mol% MgO avrtictorya.

*H avaivon yio v meployn vyniov
GUYVOTITMOV EYIVE LE T (PT|ON TEGCAP®V
YPaPIK®OV Topactdcewv Gauss yio tnv
AVOTOPACTACT] TV OOVIGEMV TOV
npoKaAlovvTat amd to Otdpopa eidn Q"

,vi =900 cm! |,
, v3=1060 cm'!

vo = 870 cm’!
v, =950 cm!
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Ieproyn vynrov coyvotiitov 800 — 1200 cm!
Q' Ta cidn Q»

\};\S‘\\\\*‘\\‘_ SRRy IIE 548444 > AT T,
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Raman Shift [em] Raman Shift [em]

Ouoréc kot oTadlaKeES aAAyEC 6TOVE TANOVGLOVS TV 10DV Q



Q" %

Ieproyn vynrov coyvotijtov 800 — 1200 cm!

Ta gton Q"
60 N o Az .
(a) Qo o Abypopuo yuoo v petafoAn g
‘ $ 1 ovykévipoong tav Sopdpov elddv Qn
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s F E o, o3 é ] Ql uetaPdiieton m ovotaon  pe Pdon
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20 | F 21 e 4 : : :
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Ieproyn péomv cvyvoritov 600 — 800 cm!
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O doviioerc kapync.
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Tpomor ovvoeong Si — O — Si.
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O¢epurokpactokn EEGaptnomn e doung tmv vaimv

XeWPomointog OmTIKOG (POVPVOG LE
uéylotn Oepuokpocio  Asttovpyiog
toug 900 °C
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2 OUTEPOTLUOTO,

v ' H alayf g ovotaon Tov VOAmv dev emipépel amOTOUEC UETOPOAEC oTnV douny Ol omoieg
avtikatontpilovial oto dcuo Raman and t1g 00vNGES TV dlupopmy 0wV Q" .

v Ou mhotiéc Kopu@éc mov mapaTnpovvTol ota eacuate. Raman vmodnidvovv v mapovcic
YEPUPOTIKMOV 0ELYOVMOV OKOLLO KOl 6TO Oplo TG cvotaons Mg,Si0, .
v' ElevOepa o&vyova givor mapdvta kot dtatnpodv Ty NAEKTPOOLIETEPOTNTO. Q26TOCO 0 GYNUATIGUOC

QOPTIGUEVMVY 0DV 1 clusters dev umopel vo amoKAEIGTEL.

v Xe 0TEC TIC GLOTAGELS TA YVOALA EVOL «1OVTIKOD TOTOLY.



H goouorookomrio. Raman otov mo10Tiko EAEYYO

Vibrational Spectroscopy 111 (2020) 103147

Contents lists available at ScienceDirect

VIBRATIONAR
SPECTROSUSP

Vibrational Spectroscopy

FI.SEVIER journal homepage: www.elsevier.com/locate/vibspec

Raman spectroscopy for quality control and detection of s
substandard painkillers

Jone Omar, Ana Boix “, Franz Ulberth

Buropean Commission, Directorate-General Joint Research Centre, Directorate F — Health, Consumers and Reference Materials, Retieseweg 111, 2440 Geel, Belgium
ARTICLEINFO ABSTRACT

Keywords: Raman spectroscopy and multivariate data evaluation were used to verify the chemical nature and the content of
Raman Spectroecopy the active pharmaceutical ingredients (API) (acetylsalicylic acid, ibuprofen and paracetamol) in painkillers. A
:h_cm‘fm‘h‘“‘ class-modelling approach (SIMCA) of spectral data was used to verify that the correct API was indeed present in

the pharmaceutical preparation and to prove the selectivity of the developed method towards other commercial
APIs; PLS regression was used for the verification of the API amount. The root mean square error (RMSE) of the
PLS models for the quantitation of the APIs were 11.3 % for paracetamol, 13.2 % for acetylsalicylic acid, and 6.2
% for ibuprofen in drug preparations containing the API at levels between 7.1 % and 92.3 %. This level of ac-
curacy appears to be acceptable for a rapid screening method, which makes it fit-for-purpose for deployment in
customs and forensic laboratories involved in the surveillance of the legal and illicit drug market.
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= Qharma

ANUFACTURING

Home / Articles / 2016 / Quality Control with Handheld Raman

QRM Process

Quality Control with Handheld Raman

Ensuring compliance for raw material identification is easily within reach

By Claire Dentinger, Applications Scientist, Rigaku Analytical Devices
Feb 01, 2016

Raw material identification (RMID) is a critical step for ensuring compliance with Good Manufacturing
Processes (GMPs) and safeguarding the quality of pharmaceutical products. Increasingly strict regulatory
requirements for RMID mean that pharmaceutical manufacturers are under increasing pressure to improve
the efficiency of their RMID workflow while also achieving lower costs per analysis.
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% . ABOUT AGILENT ¥  CONTACT US @ GREECE ACCOUNT
= Agllent I Trusted Answers

0
PRODUCTS APPLICATIONS & INDUSTRIES TRAINING & EVENTS SERVICES SUPPORT & RESOURCES ORDER CENTER @-

Home > Products > Molecular Spectroscopy > Raman Spectroscopy > Raman Pharmaceutical Analysis Systems

.

Innovative Raman Spectrometers for Noninvasive Chemical Analysis

Raman Help Links

N\

:)/

; g : S 3 ?) Raman Spectroscopy FAQs
Agilent Raman spectrometers use proprietary spatially offset Raman spectroscopy (SORS) and transmission Raman spectroscopy =

(TRS) in fields ranging from airport security screening and pharmaceutical quality control, to hazardous chemical identification in the
field.

7~
\

Spatially offset Raman spectroscopy

Transmission Raman spectroscopy

: ; 2 : : . Resolve Reachback service
SORS enables our Raman spectrometers to analyze through containers and opaque barriers, from helping first responders identify the ‘/}j
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BRUKER Raman Handheld spectrometer

o )
BRUKER
Eo<)

HANDHELD RAMAN SPECTROMETER

BRAVO
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« > C O & horiba.com/gbr/scientific/resources/spectroscopy-matters/raman-spectroscopy-used-to-fight-crime/ [ ¢ O ®  » O ’ :

HORIBA Scientific Resources Spectroscopy Matters

: Raman Spectroscopy Used to Fight Crime
Spectroscopy an Emerging

Method to Achieve Clean Water

Spectroscopy Used to Find Life in R_aman s_peCt roscopy Used to
Hidden Environments Flght Crlme

What You Need to Know About
Carbon Nanodots There's a breakthrough underway in law enforcement that can have a deep impact on

crime-solving efforts.
Photoluminescence Spectroscopy

Uncovers Photovoltaic Properties Cutting edge spectroscopy applications are beginning to make inroads into crime scene -

substance identification. Researchers are exploring how these complex spectroscopy

Semicontuctor Characlanatior methods can be used in law enforcement activities.

Depends on Photoluminescence

Biological stains are one area crime fighters focus on. These can be used to identify

Nutraceutical Fraud ;
persons of interest.

Fluorescence Spectroscopy Used

: Biological stains include blood, saliva, semen, vaginal fluid, sweat and urine. Body fluid
by Winemakers

traces are important because they are the main source of DNA evidence. Currently, police
Policing “Organic Milk” with use various biochemical tests to detect and identify body fluids.

HORIBA

Scientific
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Further Development of Raman Spectroscopy
for Body Fluid Investigation: Method
Advancement and Validation



2 OUTEPOTLUOTO,

v ' H ¢acpotookonioc Raman pmopel vo amotedéoel évo a&lomioto, Ypyopo ©TO OTOTELEGUO KOl
EVYPNOCTO AVOAVTIKO EPYOAEID GTOV TOLOTIKO EAEYYO TV DAIK®OV UE U1 KATAGTPOPIKO TPOTO.

v"Eyel ndn opyicel va ypnoipomoleiton o€ ToAAES epapuoyéc, otn Propmnyavia, Tic KOTOoKEVEC OAAE Kot
0€ TEPUITMGELG TOV EYOVV OIKOGTIKN 1| AAAN YpNoM.






