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First Raman instrument: History

iml NS
U

o

» Sunlight as a source and a narrow band photographic filter to
create monochromatic light and a "crossed" filter to block this
monochromatic light
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Interaction Between Electromagnetic Radiation and Substances

When a beam of
electromagnetic radiation is
passed through a substance, it
Interacts with the substance

and can be: (3,4)
« absorbed (1)
« transmitted (2) h V

« reflected (3)

(4)

hv

4

e scattered (4) (2)
* depending upon: (3,4)
* itsfrequency (4)
* the structure of molecules of
the substance it encounters.
ThermoFisher
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Energy Transitions Studied by Molecular Spectroscopy
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What is Raman Spectroscopy?

Raman FT-IR

109 nm 1012 nm
| | | |

Radio waves

Micro waves

380 nm 450 nm 500 nm 550 nm 600 nm 650 nm 700 nm 750 nm

Electromagnetic spectrum
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What is Raman Spectroscopy?

Complementary technique to
Infrared (IR) spectroscopy

« Uses light to probe covalent
chemical bonds by looking at
vibrations

* Provides detailed molecular
Information: sensitive to even
slight changes in bond angle or
strength

 Useful for identifying unknown
solids and liquids, including both
Inorganic and organic materials

 Sensitive to changes in structure,
morphology, and even
temperature
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A Brief History of Raman Spectroscopy

sunlight violet

(White)[ light
filter Rayleigh Raman
scattered scattered
light light

filter

1928 C.V. Raman discovered the Raman effect l

during light scattering experiments
Observer

1930 Raman received the Nobel Prize in Physics

This experiment was repeated for
different liquids and each liquid

*1929- Louis de Broglie, wave-like properties of scattered the light differently
electrons

*1928- Owen Richardson, thermionic emission
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Raman Spectroscopy

Sample |
LASER v=l First
- Excited
v=0 State
T T T TT T T T T T T T T T T T T AT Virtual
State
I R
>
Sy
o
c
v=1 Y Ground
v=0 v v State
Stokes Rayleigh Anti-Stokes
. . . Scattering Scattering Scattering
* Light scattering techniqgue — Raman scatter
 Difference between incident and scattered light
» The difference corresponds to differences in vibrational states
ThermoFisher
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Stokes and Anti-Stokes — Filter Off Rayleigh Scatter

Raylelgh ccl,
Aex=488 nm
459 Stokes Ve, =20492 cm'l
_________________________A _________ Virtual
State
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v v=1 Raman Shift, cm!
v v v=0
Stokes Rayleigh Anti-Stokes 1 1 I
Scattering Scattering Scattering RejeCtlon Fllter
Edge-filter
| . ThermoFisher
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Why the Different Laser Wavelengths?

Balance most efficient laser with avoiding severe fluorescence

Laser Choices: 455 nm, 532 nm,

____________ 4 T 'Virtual State
633 nm, 785 nm
——————————— Electronic State
________________ A
Y Virtual State - %_fi____ -
I I 2
A
1T %71 1 vitualstate I 1
scatter 24
o EeX
<
Q
c
L
Longer Wavelength Shorter Wavelength
Lasers (785 nm) Laser (532 nm)
More Efficient Raman
v v _v=1 Scatter
v=0 (lower laser power)
Stokes Scattering Fluorescence Typically Less
Different lasers Fluorescence
(sample dependent)
Better Spatial Resolution
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Avoiding Fluorescence — Change Excitation Wavelength

View Process Analyze Series Report Array  Window Help
ent: [Default - DXR Dispersive Raman Microscope =

EES |28 QA8 | R | RO S | R |
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Spectrum after

automated fluorescence
correction applied
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Fluorescence Too extreme
Overwhelming Raman

Sample requires a different Laser

[ I B |
1000 500

If the fluorescence is not too extreme it can be compensated for using a
software correction otherwise changing the excitation wavelength (laser)

might be the best solution.
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Raman Spectrum

Rayleigh 4
scattering

A

Stokes

Raman 4
-septteng - _____

A
Anti-Stokes
Raman scattering
\ 4
2000 -1000 1000 2000

Raman shift (cm 1)
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Why use Raman shift?

Ring breathing mode

/ polystyrene (562nm)

532nm =18794cm

9
L [200m Y 177040m B
562nm | 100cm 7/80nm =12822cm
_ -1 9
AE =1000cm 1 10°nm _11819¢m
846nm { 100cm
AE =1003cm™

Ring breathing mode
polystyrene (846nm)

550 600 650 700 750 800 850 900 950 1000
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What’s with all the lasers?

The vibrational shifts are independent of laser frequency

| 1
h Iscaﬂer oC :i;_'
With 532 nm laser u ex
=
E J \ A MA.A_JK__/J"&
s 455 nm
& With 633 nm laser 532 nm
633 nm
l 780 nm
y T —

L L B e e
3000 2500 2000 1500 1000 500
Raman Shift (cm1)
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Influence of laser excitation on Raman spectrum

- Different laser source give rise to the same Raman signal at different
wavelength but the “Raman Shift” is egual, vo-AEvib

V0
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
| | | |
200 1200 2000 VZOO 1200 2000 200 1200 2000
Laser 1 Laser 2 Laser 2
532 nm 780 nm 1064 nm
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Raman & FTIR Spectroscopy Provide Complementary Information

 Raman and FT-IR give similar structural information
- Example:Trans-cinnamyl acetate

: N
el PN
- \et
&EG_ | | CHQHB
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Rules of thumb for Raman scattering

* The frequency of the laser is independent of the frequency of
the vibration

* The polarizability of the bond must change during the vibration

d—P;éO

dqg




Rules of thumb for Raman scattering

P=gE SX7F ® 7| (laser beam)LHOfl 0| s 2 MXt=
= or. +=2oZ O|E-('5|.|:|1 x—|x|__—|_|_eo| Hzlgl' |.A bl

-+
+

Fo = Buxlis 4 oy By + 0, 2N AL 0| A= O & O| anisotropicdtd,
Py = oy Ex + ayy By + 0. Bz, 5y xy,z2t e 0 2 A0 QIS
P, = o By + ot By + o E;.

= | Gyx Oy Uy E_}
E. Raman active

Polarizability tensor
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Rules of thumb for Raman scattering

E = Fycos2avyt, HIJ RNELES SlH Mojo| Bx =
P =oF = aFycos2nvyt. rﬂ;}%(ﬂ it
s Zetof| & of sl FAPARO| Q] A2| 7}
HAXH 22 A EH7|1E0 2|5+
Heh @I 2L s7tol 72| qof olF)

g = o Cos 21,1,

Aol _ N
Df'—"-'f{l'l'(—) go + ... —7|<—J.L|-—’va2§ XSSH o=
%/ a7to| H3g
P = aFycos 2nvyt
.
= apFpcos2nvpt + | — | gEpcos2nvpt
dq/,

= apFp cos 2rvyt + (gg) qoFg €08 2mvgt COS 27Vt
0

= apFy cos 2mvgt

+1 (%) goEo[ cos {2m{vy + v, )t} + cos {2m(vy — vi)t}]
2\dq/




Polarizability of CO,

Polarizability: the tendency of the electron cloud of an atom to be distorted from its
normal shape

Symmetric Stretch: Raman Active Antisymmetric Stretch: Not Raman Active

o
.l_'-
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Selection rules for infrared activity

* The frequency of the light must be
identical to the frequency of the
vibration (resonance)

* The dipole moment (u) of the
molecule must change during the
vibration

d—ﬂ;tO
dg

X+
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Dipole moment & Polarizability of H,O

o =2

TN O~

<>

~~ " TH




Dipole moment & Polarizability of CO,

+q q=0 -q
0—C—0 0—C—0 0-C-0

¥ {} @ Vi

0—C—0 0—C—0 0—C—0
V3

+q

o—~0¢ O—C—0 O 0 (dev'dq), w O (dadq), = 0

“ ) § &
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Comparison of Infrared & Raman spectroscopy

Measurement Absorption Emission
Activation of vibration Dipole moment Polarizability
pENelfCIIEslatL O-H, N-H, C=0 C=C, Aromatics
groups
Sample preparation Flat, transp_arent, No preparati_on
destructive Non-destructive
Water sample X O
Quartz/glass X O
Particle size =4 10 um O] & 1 um O|ot Jt=
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Sampling Accessories

- Sampling Accessories
 Versatility, Interchangeability, Functionality
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High Res Discrimination between similar 1um particles

S

532 nm laser, 6.0 mW, 100X objective [ ]Polystyrene [l Polymethyl methacrylate

5 pm 5 pm

25000 spectra, 0.1 um pixel size

Acquisition parameters: 100 Hz (10 ms/spectrum), 20 scans

. | - ThermoFisher
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Spatial resolution

* Laser spot size

1,224
NA

D

» Spectrograph Aperture

For smaller aperture, spatial resolution will be better

Spatial resolution of X,Y axes is ~ 0.5 um
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Numerical Aperture (NA)

* Collection Optics = Objectives

Magnification |NA

4X 0.1

10X 0.25
20X 0.40
50X 0.75
100X 0.90

NA = Numerical Aperture
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Laser spot size

Magnification |NA
4X 0.1
D - 122 X ?\, 10X 0.25
- —_— 20X 0.40
X

Y NA. 50X 0.75
100X 0.90

NA = Numerical Aperture

100x objective with N.A. of 0.9

1.22 x 0.633 pm
0.90

ny(633 nm) =

= 0.86 pm

D, (632 nm) = 1:22 X U932UM _ g 75y

0.90
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Spatial resolution

dependent on laser and objective

Objective | 785 nm laser | 633 nm laser | 532 nm laser | 455 nm laser
10x 3.1 um 2.5 um 2.1 pym 1.8 pum
20x 1.9 um 1.6 um 1.3 um 1.1 pm
50x 1.0 pm 0.8 um 0.7 um 0.6 um
100x 0.9 um 0.7 um 0.6 um 0.5 um
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Representative Applications of Raman Spectroscopy

Polymers and Packaging
Subsurface analysis to identify inclusions
and verify layers without sample preparation

Semiconductors

and Thin Films
Variation in stress
distributions and
crystallinity across an
entire wafer; ldentify
contaminants and
defects

S _.,.:,--4/
g
*
-

>~
y
\\\‘ d’ r?
L - !

Pharmaceuticals

Full tablet imaging for content
uniformity and formulation
analysis
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Today Raman is Being Used in Many Different Areas

Forensic Science

Art Conservation and
Archeology

Identification and discrimination of paint
pigments using DXR microscopy and fiber optic
analysis

a0l

0!

2888

B8 BB

[l Carbon Black

[ Li Mn Ni Oxide #1

[ Li Mn Ni Oxide #2
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Raman Solves Many Problems

Life Science

Spectroscopic evaluation of cancerous tissue
and bacterial biofilms to expand

understandin
Cell Nuclei g. Collagen

P Glass Slide

2 Analysis of graphene growth
mechanisms and distribution of
defects

Geology / Mineralogy

Identification of inclusions in minerals using ~ @pid non-destructive identification

DXR confocal analysis of minerals
CH, .

3 micron inclusions

Inclusion —

H,S
/ . CO2 Quartz
N, /
35 Proprietary & Confidential ThermoFisher
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|ldentify — Advantage - Raman Can Be More Specific

Raman Intensity

Nylon 6/6 [Poly(hexamethylene adipamide)]

al N
| \/\/\/\N
0.8: H n

O

Nylon 6 (Polycaprolactam)

Qe

3000 2500 2000 1500 1000 500

Raman shift (cm)

36

Proprietary & Confidential SCIENTIFIC



|dentify — Advantage — Access to Different Information

* Polyethylene Spectra

e\
¢-6F

AN

1500 1400 1300 1200 1100
Raman shift (cm™)

J .
St
3000 2500

1 1
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|dentify — Advantage — Access to More Information

- Raman provides easy access to far-IR vibrations
 Typical spectrum extends to 50 cm?
» Great for analysis of many inorganics
« Atmospheric water vapor not a concern

[Fiber Sample
7001
«0:  Raman Spectrum from a Fiber
. 5001 Sample DXR Microscope
*U:; < £ 400:
o =0:  Polyamide + Something Else? '\_—J LJ
= 2001
100+
E :TiO2 - Anatase
g ﬁ
**1 Raman Spectrum from of Titanium
osl Dioxide
300 250 200 150 100 50 g Anatase Form - Pigment
Raman shift (cm-1) 04l
0.2{
AN

1400 1200 1000 800 600 400 200
Raman shift (cm-1)

Pigments in Polymers

Sulfur
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http://resourcescommittee.house.gov/subcommittees/emr/usgsweb/photogallery/images/Sulfur Crystal_jpg.jpg

Differentiating — Distinguish Between Similar Materials

Pharmaceutical Different forms
Polymorphs of Carbon_ g Jk
3273, 3254 cm? e

40000_:Dia\mcvnd
£ »o0. Diamond

Graphene JL
[ A A
TN mm U E I Bm Em® |SWCNT (90% 12 nm)
‘wiavenumbers (cm-1) = 100-: SWCNT
(monOCIiniC form) ;MWCNT (30-50 nm diameter) JJW
i =« MWCNT
3267cm! __/JL\_J]L

...................................

‘ . Raman shift (cm-1)

Int

il Different Geological

EJ - Phases

0 5280 3260 G20 32 £
Wavenumbers (cm-1) - Aragonite and Calcite

(triclinic form) o (CaCOy,)

Rutile_TiO,

- L M 800 700 600 500 400 300 200

Raman shift (cm-1) Ra—man Shift (Cm' 1)

ThermoFisher
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Differentiating Polymorphic Forms with Raman Spectroscopy

Active Form A

Int

5 .

Active Patented Form B: NOT TO BEJUSED!

Int

FINISHED PRODUCT (tablet): Form A
In this product excipients are not visible in the spectrum

1200 1000 800 600 400
Raman shift (cm-1)

40  Proprietary & Confidential



Polymorphs are not only Encountered in Pharmaceuticals

( 14000 - Calcite . =]
12000-5 Ca|C|te - CaCO3

8000 -

6000 -

Raman Intensity (cps)

4000 -

Nl .
2000 4 {
[ Aragonite
e

25000 - AragOnlte - CaCO_B

20000 -

an Intensity (cps)

£ 10000
i |

5000 - - T -
o0l J L A ﬂ
‘ . . L S : - ‘ ‘ b
1600 1400 1200 1000 800 [=nn} 400 200

Rarnan shift (cm-1)

R
{
\
|/”
— —

Li Mn, Ni, O, Spinels
used as cathode
materials in Li ion
batteries

L

[ Li Mn Ni Oxide #1

B Li Mn Ni Oxide #2

g & By & 8 8 8 &

41 Proprietary & Confidential .IS-[éelrEnl\?TF,sFl“eCr



Raman Can Provide Additional Structural Information

Graphite b G D

Multiple Stacked Layers

pe==atl
JK_&%‘ JL

Graphene

” 2680 cm-?

Single Layer
1586 cmt

................
______________
....................
.....................
...........................
R . S . S ST . S . . S
..........................
---------------------------
___________________
.............
........

3000 2800 2600 2400 2200 2000 1800 1600 1400 120
Raman shift (cm-1)
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Raman Spectroscopy can be Usea

L avers

wg = 1581.6 + 11/(1 +n'®)
Linear increase in G band intensity with # of layers present

3 9N -

2 g <«— Triple Layer
0 0 ©

0 w

G Band Position and Intensity

Double Layer
<——— Graphite /
A
Single Layer

7

Double Layer

Single Layer

1620 1610 1600 1590 1580 1570 1560 1550
Raman shift (cm-1)

1700 1650 1600 1550 1500 1450

Wang,Hui; Cao,Xuewei; Feng,Min; and Lan,Guoxian 2D Band Shape Analysis Raman shift (cm-1)

1. Raman Spectrosc, 2009, 40, 1791-1796

Multi Layer

Three Layer

Two Layer

Single Layer /\

2750 2700 2650 2600

Raman shift (cm?)

ThermoFisher
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Tablet Imaging Example

Video Mosaic Image
(10X objective, 100X total magnification)

Migraine Relief Tablet
11 mm diameter, 676 mg

APIs
Acetaminophen 250 mg (37%)
Aspirin 250 mg (37%)
Caffeine 65 mg (9.6 %)

Inactive

corn starch, microcrystalline cellulose,
sodium lauryl sulfate, sodium starch,
glycolate, crospovidone, polyethylene glycol,
polyvinyl alcohol, povidone, stearic acid, talc,
titanium dioxide




Imaging the Whole Tablet

Raman MCR Image

Area Imaged - 11 x 11 mm?
10X objective
Image Pixel Size - 25 um
226,000 spectra
Exposure Time 1.8 ms (550 spectra per
532 nm laser,

8 minute collect time!!
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Objectives

* Collect Tab

« Setting Number of Scans and Resolution
e Auto Exposure

« Background Handling Options
« Experiment Descriptions and Titles
 File Handling Options
* Final Format
» Fluorescence Correction

 Bench Tab
 Advanced Tab




Experiment setup—collect tab

Experiment Setup - C:my documentshomnici ¥RParam'd=r_rm_default.exp

Collect |Elent:h | Quality | advanced | alignment| Series |
Estimated time far this collection: 00:00:12

\_ 1 1
Collect exposure time (seZ]: | 5.0 File Handling
| Save automatically  Base name: j
Preview expasure time (gec): | 1.0
Sample expospres: |8 — Background Handling
Background exposires: | 32 Collect background before each sample

Final format: IShiﬂed spectrurmn W/ ) Maximurn age for background: | 1000 | minutes

Carrection: |Fluarescence = O Use srartbackarourd

:

Cosmic ray threshold: [Medium > | Experiment title:
Default - R Raman Microscope

1 Phatobleach time (min): 0.0

E Preview data callection Experiment description:
Default experiment file for D¥RE Raman Microscope

f AUtE expasire Desired SN | 100

Maximum collect time (min):

[[ HEl_p_J [[Dpeu [[Eav_e_‘ ([Eavey [[ DHJ [[Cant_:Eu

ThermoFisher
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Setting number of exposures

S/N = Signal to Noise Ratio

Instrumental Noise: extraneous and random fluctuation in measured intensity.

S/N ~1.3 S/N >3.0
IWLM\&W W\W Wh'wk \/\Mww«/\/\vmw

Signhal Averaging

Signal is Constant

Noise is Random

| 2=t -

# of Scans S: Signal, N: Noise, n: number of scans

D. A. Skoog and J. J. Leary, Principles of Instrumental Analysis 4™ ed. Fort Worth: Saunders College Publishing, 1992.
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Auto exposure

Experiment Setup - Cmy documentsomnich ¥RParam'dyr_rm_default.exp

Callect |Elench | Quality | Advanced | Alianment| Series |
Estimated tim ' o 00:00:12

\\—File Handling

‘{_ ‘ Save automatically  Base name: j

ollect exposure time (sec):

Preview exposure time (sec): | 1.0

Sample exposures: | B

7/Eian::kgrnund Handling

Background exposures: 32// ) Collect background hefore each sample

©

) Usesthart Backaraund

ckground: | 1000 | minutes

Correction: |Fluorescence =1

S

Cosmic ray threshald: | Medium j Experiment title:
\_9{ Default - DR Raman Microscope

each time {min):

"Preview data collection Experiment description:
100 Default experiment file for D¥R Raman Microscope

A At Epas e Desired S/M:

aximum collect time {min):

EI_ HEIU EI_DDE_”_J EI_ Sa”_EJ (L_EE'VE_’EEJ E'__ DI{_J (LCancel

ThermoFisher
SCIENTIFIC



Smart background

Experiment Setup - Cmy documentsomnich ¥RParam'dyr_rm_default.exp

Callect |Elench | Quality | Advanced | Alianment| Series |
Estimated time for this collection: 00:00:12

— File Handling
[ Save automatically Base name: j

Collect exposure time (gec): | 5.0

Preview exposure time (sec): | 1.0

Background Handling

{:} Collect hackground hefore each sample

Final farmat: ackground: | 1000 | minutes

Correction: |Fluorescence -

S

Cosmic ray threshald: | Medium j Experiment title:

E Photobleach time {mini: 00 Default- DR Raman Microscope

™ Preview data collection Experiment description:

= EypDSUrE g e [l Default experiment file for D¥R Raman Microscope
hlaximum collect time {min): | -

E'_ HEIU EI_DDE_”_J E_ SEW_EJ E’__Savey E'__ DI{_J (LCancel

ThermoFisher
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Other background options

Experiment Setup - Cmy documentsomnich ¥RParam'dyr_rm_default.exp

Callect |Elench | Quality | Advanced | Alianment| Series |
Estimated time for this collection: 00:00:12

Collect exposure time (sec): | 5.0 o r aanaiig
[ Save automatically Base name: |
Preview exposure time (sec): | 1.0
oample exposures: B = T
Background exposures: | 34 ollect background before each sample

E}Ma}{imum age for background: [ 1000 | minutes

Final format: |Ehiﬂed spectrurm (cm-1) ¥ 1

lseermart ek raund

Correction: IFIunrescence -

ey —

Cosmic ray threshald: | Medium j Experiment title:
Default- DR Raman Microscope

7 Photobleach time {min): 0.0

™ Preview data collection Experiment description:

) Auto exposure g e [l Default experiment file for DR Raman Microscope
hlaximum collect time {min): | -

[_ HEIU l:_DpE_”_J E_ SEW_E_J [_EEWE_’ELS_J E__ DI{J [_Cancel

ThermoFisher
SCIENTIFIC



File handling options

Experiment Setup - Cmy documentsomnich ¥RParam'dyr_rm_default.exp

Collect |Elench | Quality | Advanced | Alignment| Series

Estimated time for this collection: EID:DEI:‘IE"/
File Handling
@utnmatically Base name:l

Collect exposure time (sec):
Freview exposure time (sec):
oample exposures:

Background exposures:

5.0

1.0

34

Final forrmat: IEhiﬂed spectrurm (cm-1) ¥

Correction: IFIunrescence

-

e

[

e

E—

— Background Handling

E:l Maximum age for background:

) Usesthart Backaraund

{:} Collect hackground hefore each sample

1000

minutes

Cosmic ray threshald: | Medium j Experiment title:

™ Photobleach time (min);
E Freview data collection

L puto exposure. Desired S

hlaximum collect time {min):

0.0

100

Default- DR Raman Microscope

Experiment description:

Default experiment file for D¥R Raman Microscope

E" Helu [LDpe_n_J E" Eav_e_J E’__Eaveisj

[L DI{J E"Cancel

ThermoFisher
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Fluorescence correction

Experiment Setup - C:my documents' omnic', ¥RParam' dxr_rm_default.exp

C-ollect |Elenc:h | quality | Advanced | Alignment| Series |
Estimated time for this collection: 00:00:12

Collect exposure time (sec): (5.0 o rlEarane g
[ Save automatically Base name: =]
Freview exposure time (sec): (1.0
Sample exposures: | 2 — Background Handling
Background exposures: | 32 ) Collect background before each sample
Final format: | Shifted spectrurm (cm-1) = Fluorescence Correction
Correction: |Fluorescence - C

Mone — %3 Uge palynamial Order: m

Raman efficiency

Cosmic ra

™ Photobleach t .
[
E Freview data collection Ex O Use reference file [:_ﬂrnwse;J

At e G E LT Desired S/M: | 100 I

Maximum caollect time (min): | £

£-2 &2 T2

EL Helu ELD;JE_ﬂ_J E" Eaxr_e_J E__Eaxre_ﬁly [L C'H__J [LCanceI
ThermoFisher
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Bench tab

Experiment Setup - C:my documents' omnic', ¥RParam' dxr_rm_default.exp

Callect Bench | Quality | Advanced | Alignment| Series |

‘__l. Max:12200 Min:191 Max-Min:12008 U .
W auto full scale |E|__|t.;.f.;.¢u§i Ek H u aﬂk ‘EI

A | N

Farameter “alue
Laser wavelenath
I aser
Laser power (max 10 miY)
Aperture
Grating 1800 linesmm
__Jw Estimated resaolution 3.4 -4.2 cm-1

*iaﬂ,g | | Wa':l.'enur‘r;herg '[.;m_*]' | | Estimated spot size 2.1 um
Allowed range 18449 to 36 cm-1

) a0
gfg EJ_;_A.J . ‘A g bin range limit {cm-1) a0

hax range limit {cm-1) 1845

Accessary Microscope
Objective MPlan 10X BD |

( Helﬂ‘ ( Dpe‘n‘ ( Eaxﬁ‘ (Eavey ([ Clu [ Canﬂa’

ThermoFisher
SCIENTIFIC



Bench tab icons and quality checks

Experiment Setup - C:my documents' omnic', ¥RParam' dxr_rm_default.exp

Advanced | Alignmentl Series |

E‘ Ise spectral quality checks %‘ H ‘ .ﬂ ‘ ﬂUk‘ &IQ:'

— Collect Checks

WV Caollect checks
V' CCD overflow

Collect | Bench  Quality

A b

— Spectrum Checks
WV Spectrum checks
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Advanced options
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Summary

* Collect Tab

« Setting Number of Scans and Resolution
« Auto Exposure
« Background Handling Options
« Experiment Descriptions and Titles
» File Handling Options
* Final Format
* Fluorescence Correction

* Bench Tab

« Beam Path/Accessory
* lons and Quality Checks

 Advanced Tab




