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Infrared VS Raman

Incident radiation > —) Transmission

Absorption

A

N

> >
E, (IR) E. (IR)
Scattering t /
Incident radiation > elastic
A A
. 1
\ Inelastic \I\ Inelasti
(Stokes) (Anti-

Stokes)

Planning, Management and Execution
of a Scientific Experiment

in an International

Research Infrastructure

WWW.ceric-eric.eu/project/pages




The Raman effect

Sir C. V. Raman
Physics Nobel prize (1930)

shift in photon energy due to excitation of
molecular vibrations

vibrational signature of the . . . . .
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Raman effect: classical model W

Raman bands arise from changes in the molecular polarizability during the vibrations

P(t)=a,E, cosm,t + 1 60, QYE, [cos(w, — o, )t — ¢, +cos(aw, + o, )t + ¢, |

/+) —— P(w, + o, )« cos(w, + o )t + ¢,

Anti-Stokes Raman scattering

P(a)o)oc COSa)Ot P(wo _a)k)oc COS(COO —wk)t _¢k
Rayleigh or

elastic scattering

Stokes Raman scatteting

Raman scattering total intensity:

1(0)ay=B(v,2v)*l

Symmetric mode Asymmetric mode

QO O

Polarizability derivative # 0 Dipole moment derivative # 0 derived
Raman active IR active . .
polarizability
tensor
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Molecular vibrations: quantistic W

model
H — Tn + Te+ Vne T Vnn T Vee

Born-Oppenheimer approximation

Solve [T.+V(X,x.)] Z.=E, ¥, Fei(Xo)
H=1 +T+V, + VX, X) E..(X.)

SOIVe [Tn + Vnn + Ee(xn)] Tn:En Wn

ni

H = Tn + Vnn + Ee(Xﬂ)

ni
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Raman effect: quantistic model W

Spontaneous Raman Resonant Raman

Electronic excited state

w wm owm mmom\firtual State

ES: EI -h(OV

—

Vibrational excited state

Ei ES: Ei 'h(’)v

= || =

—- Vibrational excited state
ho,

Ground state Ground state

Raman cross section increased
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SU8-Basic unit
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Analis dati
Creare uno spettro con Excel

provaxlsx - Excel

Insert  Pagelayout  Formuls  Data  Review  View  Help @ Tell me what youwant to do

[cal

francesco damico

[P
0 g" cut Calibri - 2 WrapText General - EI;I g,‘l Normal Bad Good Neutral %ﬂ EX @ 2 AutoSum - Q‘Y p

Paste %:W" N g me Merge & Center « | B - % » | %4 5§ Conditional Format os| [(FETTEAINN explanatory Note T et Delete et | BT Sort& Find &
- ormat Painter Formatting = Table~ - - - Clear- Filter = Select ~

Clipboard ) Font ) Alignment ) Number [ Cells Editing
06 < f
A ] | c | D | E F G H ! J K L M N o P Q R s

1 |x_polimera polimerol_nobuiol Subtracted_Data X1 Subtracted _Data V1 Bhseline_Data X1 Baseline_Data Y1

2 Subtracted from "polimero Baseline to Subtract for "polimerol_nobuiol"

3 33161139 558.53 33161139 -15.60845295 331.61139 574.143453

a 332.46103 574.53 332.46103 0.088382549 332.46103 574.4496175

5) 333.3085 574.75] 333.3085 -0.1866301 333.3085 574.9416301

6 334.15591 583.70] 334.15591 7.950527216 334.15591 575.7564728 1

7 335.00531 577.00] 335.00531 0.442743913 335.00531 576.5602501

8 335.85257 576.89 335.85257 455169056 335.85257 577.3491691

9 336.69971 568.51 336.69971 620273525 336.69971 578.1252735

10 337.54892 563.81] 337.54892 -15.07863796 337.54892 578.890638

1 338.39594 570.79] 338.39594 -8.848537328 338.39594 579.6415373

12 339.24286 574.43 339.24286 -5.945986611 339.24286 580.3799866

13 340.0918 577.14) 340.0918 -3.962904112 340.0918 581.1079041

14 340.9386 567.97] 340.9386 -13.84883707 340.9386 581.8218371

15 341.78531 58074 341.78531 -1.779673243 341.78531 582.5236732

16 342.634 583.37] 342.634 0.157800037 342.634 583.2152

17 343.48053 559.03 343.48053 -24.85715919 343.48053 583.8931592

18 344,327 5716/ 344,327 -12.8993905 344.327 584.5593905

19 345.17551 581.21 345.17551 -4.001617459 345.17551 585.2156175

20 346.02179 582.77] 346.02179 -3.079653002 346.02179 585.858653

21 346.87012 591.19] 346.87012 4.703135361 346.87012 586.4918646

22 347.71628 593.38] 347.71628 6.269783764 347.71628 587.1122162

23 348.56238 584.40] 348.56238 -3.312410313 348.56238 587.7214103

24 349.41046 588.58] 349.41046 0.26601062 349.41046 588.3209894

25 350.25638 595.38] 350.25638 6.474858708 350.25638 588.9081413

26 3511022 602.59) 3511022 13.10654937 351.1022 589.4844506

27 3519501 583.57| 351.9501 -6.474476395 351.9501 5900514764

28 352.79578 575.89 352.79578 -14.7124568 352.79578 590.6064568

29 353.64139 584.41 353.64139 -6.66095667 353.64139 5911509567

30 354.48398 576.00] 354.48398 -15.67737201 354.48898 591.686372

31 355.33444 585.12 355.33444 -7.086220393 355.33444 592.2102204

32 356.17987 573.78] 356.17987 -18.93895306 356.17987 592.7239531

33 357.02722 578.1 357.02722 -15.12383233 357.02722 593.2288323

34 357.87244 579.28] 357.87244 -14.43355978 357.87244 593.7225598

35 358.71759 574.28] 358.71759 -19.92548812 358.71759 594.2064881

36 359.56479 593.92] 359.56479 -0.759908145 359.56479 594.6819081

a7 360.40976 603.93 360.40976 8.788467971 360.40976 595.146532

38 361.25467 591.75] 361.25467 361.25467 595.6017025

39 362.10159 602.73 362.10159 362.10159 596.0486132

40 362.94638 584.92] 362.94638 -11.55819218 362.94638 596.4851922

a1 363.79105 579.38] 363.79105 -17.5246257 363.79105 596.9126257

2 364.63773 590.22/ 364.63773 -7.107072075 364.63773 597.3320721

a3 365.48224 586.42] 365.48224 -11.32057378 365.48224 597.7415738

aa 366.32669 594.02| 366.32669 -4.117299599 366.32669 598.1422996

a5 367.17319 602.84) 367.17319 4.311669196 367.17319 598.5353308

45 368.01746 602.84] 368.01746 3.926206433 368.01746 598.9187936
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Analis dat

Creare uno spettro con Excel

H -

File Home Page Layout Formulas
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Tables lustrations Add-ins Charts  Tours Sparklines Filters
c1 = fe | Subtracted_Data X1
A B | c | D | E | F L e | v | 0 |y |k | |
1 |x_polimero polimerol_nobuiol Subtracted_DataX1 Subtracted Data¥l Baseline_Data X1 Baseline_Data Y1
2 | Subtracted from "polimero Baseline to Subtract for "polimerol_nobuiol"
3 | 331.61139 558.535 331.61139 -15.60845295 33161139 574143453
4| 332.46103 574.538 332.46103 0.083382549 | Insert Chart ? X
5| 333.3085 574.755 333.3085 -0.1866301
6 | 334.15591 583.707 33415591 7.950527216 Recommended Charts  All Charts
7 335.00531 577.003 335.00531 0.442749913
8 | 335.85257 576.894 335.85257 -0.455169056 iy Recent oG v e ® Q
9 336.69971 568.505 336.69971 -9.620273525 Templates e YO |ER AN |08 1
10| 337.54892 563.812 337.54892 -15.07863796 lid ~ Coturn
11 338.39594 570.793 338.39594 -8.848537328 [2¢ Line Scatter
12| 339.24286 574.434 339.24286 -5.945986611 ® Pie
13| 340.0918 577.145 340.0918 -3.962904112 E Bar . T S e S e
14| 340.9386 567.973 340.9386 -13.84883707 @ Area B -
15| 341.78531 580.744 341.78531 -1.779673243 4 XY (Scatter) - .
16 | 342.634 583.373 342.634 0.157800037 @ Map pr 1
17| 343.48053 559.036 343.48053 -24.85715919 b Stock .
18 | 344.327 571.66 344,327 -12.8993905 & surface :
19| 345.17551 581.214 345.17551 -4.001617459 W Radar
20| 346.02179 582.779 346.02179 -3.079653002 B Treemap
21| 346.87012 591.195 346.87012 4.703135361 @ Sunburst
22 347.71628 593.382 347.71628 6.269783764 I.[[hl Histogram
23| 348.56238 584.409 348.56238 -3.312410313 @ Box & Whisker
24 | 349.41046 588.587 349.41046 0.26601062 B watedal
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2| 351.1022 602.591 351.1022 12.10654927 = Funnel
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28 | 352.79578 575.894 352.79578 -14.7124568
29 | 353.64139 584.49 353.64139 -6.66095667
30 354.48898 576.009 354.48898 -15.67737201
31 355.33444 585.124 355.33444 -7.086220399
32| 356.17987 573.785 356.17987 -18.53895306
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34 | 357.87244 579.289 357.87244 -14.43355978
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Analis dati
Creare uno spettro con Excel
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Analisi dati
Creare le colonne su excel

Normalizzare e graficare gli spettri

Clipboard [P Font [F] Alignment [F] Mumber [P
C15 = I
A | B | C | (8] | E | F | G

1 |colonnax FTIR  colonnay FTIR colonna X Raman colonna Y Raman

2 | 11 o 11 o

3 | 12 1 12 0.1

4 | 13 2 13 0.3

5 | 14 3 14 0.2

6 | 15 a4 15 0.2

T | 16 3 16 0.1

8 | 17 2 17 0.1

9 | 18 Q 18 Q
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Analisi dati
Creare le colonne su excel

Normalizzare e graficare gli spettri

Clipboard [P Font [F] Alignment [F] Mumber [P
C15 i I
A | B | T | D | E | F | G
1 |colonnax FTIR  colonnay FTIR colonna X Raman colonna Y Raman
2 | 11 o] 11 o]
3 | 12 1 12 0.1
4 | 13 2 13 0.3
5 | 14 3 14 0.2
6 | 15 a4 15 0.2
7 16 3 16 0.1 4.5
8 | 17 2 17 0.1
9 | 18 1] 18 1] 4
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Analisi dati
Creare le colonne su excel

Normalizzare e graficare gli spettri

SUM 7 x v K || =0a1%B2
A B C D E F
1 |colonnax FTIR  colonnay FTIR  colonnay FTIR corretta  colonna X Raman  colonna Y Raman  colonna Y Raman corretta
2 | 11 0 =0+1%B2 11 0 1
3| 12 1 1 12 0.1 2
4 13 2 2 13 0.3 4 10
5 | 14 3 3 14 0.2 3 g
] 15 4 4 15 0.2 3
7| 16 3 3 16 0.1 2 B
8 | 17 2 2 17 0.1 2
9 18 0 0 18 0 1 7
an
6
SUM 7 X v || =5+15"E2 5
A | B | C | D | E | F | 4
1 |colonnax FTIR  colonnay FTIR  colonna y FTIR corretta colonna X Raman  colonna ¥ Raman  colonnaY Raman corretta
2| 1 0 0 11 0 =5+15°E2 3
3 | 12 1 1 12 0.1 6.5 2
4| 13 2 2 13 0.3 9.5
5 | 14 3 3 14 0.2 8 1
6 | 15 4 4 15 0.2 8
7 16 3 3 16 0.1 6.5 0
8 17 2 2 17 0.1 6.5 1] 5 10 15 20
9 | 18 o o 13 o 5
an
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