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How to Select the Best Refractive
Index

Jeffrey Bodycomb, Ph.D. | :
HORIBA Scientific Ry B
www.horiba.com/us/particle
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B [mportance of Refractive Index

B Choosing Refractive Index

B Comparing Methods for Choosing
Refractive Index
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LA-950 Optics {y, HORIBA

Front wide-angle scattered

Light sensor
Projection lens

Ring detector
—

Projection lens

Moveable mirror

S,

Front wide-angle scattered /" \

light sensor

— Back scattered light sensor

¢ Flow cell

HORIBA
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When a Light beam Strikes a ParticleZ.s S TR

““““

B Some of the light is:

® Diffracted Reflected
® Reflected _’
Absorbed

® Refracted

and
® Absorbed and Reradiated
Reradiated
Diffracted

—).

B Small particles require knowledge of optical properties:
® Real Refractive Index (bending of light)
® Imaginary Refractive Index (absorption of light within particle)
® Refractive index values less significant for large particles

B Light must be collected over large range of angles
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Diffraction Pattern /J HORIBA
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Using Models to Interpret '/, HORIBA
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W Scattering data typically cannot be
iInverted to find particle shape.

B \We use optical models to interpret data
and understand our experiments.
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The Calculations ly, HORIBA
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B There is no need to know all of the
detalls.

B The LA-950 software handles all of the
calculations with minimal intervention.
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Laser Diffraction Models 7

HORIBA

M Large particles -> Fraunhofer
® More straightforward math
® L arge, opaque particles
® Use this to develop intuition

B All particle sizes -> Mie
® Messy calculations
® All particle sizes
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Fraunhofer Approximation by, HORIBA

e V2 o2 4 J»](E!','Sin@)z
(51)° =(52)* = e { puad }

. 2
Ip 4| J4lasino)
10)= o
©) F2 42 { o sin @

dimensionless size parameter a = nD/A;

J, is the Bessel function of the first kind of order unity.

Assumptions:

a) all particles are much larger than the light wavelength (only scattering at the contour of
the particle is considered; this also means that the same scattering pattern is obtained as for
thin two-dimensional circular disks)

b) only scattering in the near-forward direction is considered (Q is small).

Limitation: (diameter at least about 40 times the wavelength of the light, or o >>1)*

If A=650nm (.65 um), then 40 x .65 =26 um

If the particle size is larger than about 26 um, then the Fraunhofer approximation gives
good results. Rephrased, results are insensitive to refractive index choice.
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Mie Scattering C HORIBA
|
(s +[s)

l.(m, X,0) =—
S 2k°r
Use an existing computer program for the calculations!

2n+1 _ P(cos6)
S,(m,x,0) = Zn n+1){an7zn+bnrn} T, = v
2n+1
S.(M.X,6) = Z:n(n+ ){a R T =i(Pn1(cosé’))
do
9 A My, (M), (X) -, (X)w,' (mx) ¢, v: Ricatti-Bessel
my, (Mx)&," (X) =&, (X, (MX) functions
P.1:1st order Legendre
_ W (Mx)y,"(X) —my, (X, (Mx) Functions
Wn (mx)é:n ' (X) T mé:n (X)Wn I (mX)
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Mie {,/, HORIBA

'y ;
D fpyre OF

The equations are messy, but require just three inputs which are
shown below. The nature of the inputs is important.

B
/ y — 7D / - Decreasing wavelength is the same as
A increasing size. So, if you want to measure
B small particles, decrease wavelength so they
“appear” bigger. That s, get a blue light
source for small particles.
/»’ n We need to know relative
m = / | refractive index. As this goes to 1
| N, there is no scattering.
SN
6 Scattering Angle
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Effect of Size {y, HORIBA

10 100 micron
10 10 micron 1 micron
10° —
10° =
> 7
£ 10 | ““
S 6 T :
j= 10 — - “ ‘A
(@]
£ 100 "
e
%)
10° 4| —— 1 micron diameter ™.
) —— 10 micron diameter ,
10" 1 |—— 100 micron diameter gl
: particle Rl: 2.5-0i ‘
10 71 |[medium RI: 1.33
O —
10 | I I IIIIIII I I IIIIII| I I IIIIII|

0.1 1 10 100
Scattering Angle (degrees)

As diameter increases, intensity (per particle) increases
and location of first peak shifts to smaller angle.
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Mixing Particles? Just Add

Q“‘fi.mll\'.\ﬂ'

100 — 1 micron diameter
1 —
2 100 \/\/\/
w
o
VA
£
2 1~ \
E -
T 27 2 micron diameter
» 1004
6 Y
4
: |
10— Weighted Sum /\ /\
6]
| | [ | | |
120

0 30 60 90 150 180

Scattering Angle (degrees)
The result is the weighted sum of the scattering from each particle.
Note how the first peak from the 2 micron particle is suppressed since it
matches the valley in the 1 micron particle.
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B |aser Diffraction Calculations
B I[mportance of Refractive Index
B Choosing Refractive Index

B Comparing Methods for Choosing
Refractive Index
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What do we mean by RI? {y, HORIBA

B Optical properties of particle different from surrounding medium

B Note that intensity and wavelength of light changes in particle
(typical dispersants do not show significant absorption)

B Wavelength changes are described by real component
B Intensity changes are described by imaginary component

H

n =1 (for air)
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Effect of RIl: imaginary term O, ©5%
1000 —3
100 |
é 10 - ’\ \
o -
) - ' v/‘
% 1 E \
2 1 |[— RI=2.5-0.00i
4 |[— RI=25-0.01i
01 |— RI=25-0.10i
1 |[— RI=25-1.00i
1 [Particle Diameter 1 micron
1 |medium RI: 1.33
| | | l | [ I I
0 20 40 60 80 100 120 140

Scattering Angle (degrees)

As imaginary term (absorption) increases location of first
peak shifts to smaller angle.
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Effect of Rl: Real Term 6 ) A,

1000 =
100 = \
2 : p
% } ! N\
= 10 = '// =
s :
©
A 14 |—RI=25 -0i -
1|— RI=251-0i
1|—— RI=26 -0i
1|— RI=27 -0i
0.1 < |particle Diameter 1 micron
3 [medium RI: 1.33

[ [ [ I [ [ [ I
20 40 60 80 100 120 140

Scattering Angle (degrees)

o

It depends....
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Practical Application: Glass Beads

ﬁyqrrum.c_\')ﬂ’-&
Data Name Graph Type Refractive Index (R)
Standard Glass Beads Mie | STD-GLASSBEADS[STD-GLASSBEADS( 1.510 - 0.000i),'
Standard Glass Beads Fraunhofer C_] —— Fraunhofer Kernel[Fraunhofer Kernel{ 0.000 - 0.000i
21 —-100
f-so
15 -
3 -
~60 §.
o) .
§ 10 2 3
—40 &
: )
5 §
=20
01 L] 1] Illllll . IIIIIIII ] Illlllll L] llllll 1] lllllll' 1] :—
0.010 0.100 1.000 10.00 100.0 1000 3000
Diameter(ym)
Graph Type D(v,0.1) D(v,0.5) D(v,0.9)
— 8.98783(pm) 13.47741{pm) 18.8536
[— 2.58072(pm) 3.62044(pm) 22.3174
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Practical Application: CMP Slurry /J . HORIBA

P,

Q’t‘rhmn—.\')""
Data Name Graph Type Refractive Index (R)
CMP Slurry Mie cC1— 2.20-0.0i[2.20-0.0i{ 2.200 - 0.000i),Water( 1.333)]
CMP Slurry Fraunhofer C_]1 — Fraunhofer Kernel[Fraunhofer Kernel( 0.000 - 0.000i)
29 100
25
“ ~80
20 : .
=60 §
—~ = N
3 O
—¢q0 B
10 : ==
5 ;—20
0-1 L] L] IIIJI L] ] llll!l Jl P rraan L] L] IDUOIII L) LI ) Illlll L) :_o
0.010 0.100 1.000 10.00 100.0 1000 3000

Diameter(y=)
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100 100
01— —e— Im=0 4
Cr Im=0.01 {
B0 +— ——-9—=~— Im=0.05 |
— = — - Im=0.1 '{
70 44— — &% — Im=0.5
= - ——— —  Im=1
= =
= &0
= o 50
@
[ih]
5 E 4
S °
-
30
20
it 10
0 ! T o
0.1 1 10 100 0 e
0.1 1 10 100
diameter (um)
diameter (um)
Fixed absorbance, vary real Fixed real, vary absorbance
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Refractive Index Effect (y, HORIBA

Most pronounced when:

Particles are spherical

Particles are transparent

RI of particle is close to Rl of fluid

Particle size is close to wavelength of light source

Least pronounced when:

Particles are not spherical
Particles are opaque
RI of particle is larger than RI of the fluid
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Abbe Refractometer C 8L

M Dissolve sample at
different concentrations

® Plot conc. vs. Rl
B Extrapolate to infinite

concentration
1.8
@ 1.6 »
?Za 1.5 1//
E 1.4 ///
5 _
1.3

0 0.2 0.4 0.6 0.8 1.0
Concentration
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Becke Lines {y/, HORIBA

“Ohe e \:ﬁ"

*’r{f_.[

Cover Glass

ield of View ield of View

Fi F FiF

4 || ]

G-raln'“xh

= i

Grain Index Greater than Qil's Grain Index Less than Qil's
Affer Bil 1961 Affer Bloxs, 1961
r Biess,

T

Bright line is called the Becke line and will always occur closest to
the substance with a higher refractive index
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Becke Line Test {y/, HORIBA
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As you move away from the thin section (raising the objective or lowering the stage),
the Becke Line appears to move into the material with greater refractive index.

\Q/ <&
z/\\ _//\x_ W

_| | A particle that has greater refractive index than
its surroundings will refract light inward like a

ooa =

AN I/ /AR\ I/ | o
S A A particle that has lower refractive index than
/NN NN TR its surroundings will refract light outward like a

@ @ @ crude diverging lens.
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Becke Line Test .(y, HORIBA
n"“

WELCOME

WMcCraone Associates’ team of scientists
use state-of-the-art instrumentation to
solve difficult and unique particle
identification. matenals characterization
and analysis problems. Our extensive
array of microscopy tools along with the
knowledge. experience, technical skills
and creative enthusiasm of our staff.
provide an unequaled combination of
analytical and problem solving
capabhilities.

Cargille Labs

Services to the sciences since 1924

EEDBACK | HOME |

Refractive Index (Matching) Liquids

Also see our Specialized Optical Coupling Liquids

Cargille Refractive Index Liquids have become standard items in many laboratories as
their applications have expanded from routine mineraloegical identifications and quality
control. New and broader uses in many more fields such as chemicals, engineering.
medical, forensic. optics, instrumentation are continuously discovered. Many special
requirements for specific applications have created a need for more technical data,
new formulations. extended ranges, smaller increments and higher degrees of
precision.

Price Schedule

All Refractive Index Values are standardized at 3893 angstroms and 23°C.
For Custom Made Liquids please fill in our Optical Liquids Worksheet
All of the Refractive Index Liquid Sets are sold in 7 4cc botiles (1/4 1 0z)

COMBINED SETS: np 1.400-1.700

The range of many minerals. most chemicals and virtually all biclogical
materials are covered by the three Certified Series AA A and B. These
three Series are available as complete sets:

Cat. # Price
18001 RFE-1......... Full Set; Intervals 0.002; 131 liquids $1.865.00
18002 RFE-1/2 Half Set. Intervals 0.004; 76 liquids 1.025.00
18005 RFE-1/5...... Fifth Set. Intervals 0.01. 31 liquids 415.00

Individual Series. fractions of Series or selected liquids in the Standard
Group may also be purchased separately.
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Luxpop.com (, HORIBA

Index of Refraction

Eeturn the refractive index of a substance at a given wavelength, & (hm). Further information in addition to the index of refraction also may be given.
Luxpop returns the absolute refractive index (i.e. with resp. to vacuum), unless stated othersise. Click here for more indey of refraction temminolosy.
To facilitate search, select the input box and type in the first letter of the desired substance. Contact Luspop to request more materials.

See glso ourlong list of Index of Fefraction Values (A-Z)... for other materials.

Substance: I Zn0 j ,'-_:IEEE| fumn temperature {certain substances only) |25 deg C e

At a wavelength of 630 nm (1. 908 V), the index of refraction of ZnO is
n= 198 k=0.000,

= -

At a wavelength of 405 nm (3.061 V), the index of refraction of ZnQ 1s
n=223k=0010.

Note Rl is dependent on \\ o
wavelength of light. \K

Can adjust Rl for red & Derse fin 5710
blue light, but only need %
to for small, absorbing S i 20
particles. ol M.

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
Wavelength A (um)

Refractive index »n
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Google Search 97

HORIBA

entific

/2 refractive index magnesium stearate - Google Search - Windows Internet Explorer =l
®_\T; - Iﬁ http: e, google, camsearch?q=refractive+index+magnesium+ stear ate@rls=p, cam.microsoft:* IE-SearchBox &ie=UTF-S&0e=UTF-88sour ceid=ie7erle=117GFRC_en j 4 K| |refractive index magnesium stearate L |-

File Edit View Favorites Tools Help
Lirks g Cuskomize Links

Go gle | ndex magnesium stearatej -" Search = 0@ - = @ If}' E] - * Bookmarks~ ".?Check - ﬁ"_|.°.ut0FiII A &, @refractive @ index @magnesium @ stearate Q A SignIn

(Mehfee sienduior| -

52? ake -"l refractive index magnesium stearate - Google Search | | @' - B - E@ = E}’Page < n:(_}} Tools + 7
Web Images Maps News Video Gmail more v Sign in =
GO L)S [e |refractive index magnesium stearate Search |
Wehb Results 1 - 10 of about 7,550 for refractive index magnesium stearate (0.23 seconds)

24 results stored on your computer - Hide - About Sponsored Links
f Diffraction Pedformance W.. - Amount: 132 mg Magnesium Stearate Median (D50 . &
March 31 Webinar ppt - Sample Amount: 132 mg Magnesium Stearate Median (D50} 9.33 Magnesium stearate .
Get the Answers You're Looking For.
MAGNESIUM STEARATE (Octadecanoic Acid. Magnesium Salt) &2 Magnesium stearate

Magnesium Distearate; Dibasic Magnesium Stearate; Magnesiumdistearat (German); v RightHealth.com/MNutrition

Diestearato de ... REFRACTIVE INDEX. FLASH POINT. STABILITY . APPLICATIONS ...
chemicalland21.com/findustrialchem/organic/MAGNE SIUM%20 STEARATE .htm - 40k -
Cached - Similar pages

Resin having a large refractive index. lenses comprising the resin ... &

The present invention relates to a resin having a high refractive index that ..... calcium laurate,
magnesium stearate, magnesium oleate. magnesium laurate, ...

www _freepatentsonline.com/5084545 html - Similar pages

by T Magata - 1992 - Cited by 1 - Related articles - All 2 versions

Plastic lenses having a high-refractive index. process for the ... &

Exemplary suitable metallic salts include zinc stearate, zinc oleate, ..... The refractive index.
Abbe's number. mold release characteristics and appearance ...

www _freepatentsonline.com/5594088.html - Similar pages

by T Magata - 1997 - Cited by 1 - Related articles - All 4 versions

More results from reepatentsonline.com »

STOCHEM - Specialty Chemical Distribution &2

Size = 0.3 microns. pH = 7. Oil ahsorption = 43. refractive index = 1.56, ... Highly pulverized
powder, Magnesium Stearate Modified, GE brightness = 87%, ...

www._stochem . comisearchdb.asp?searchStr2=&supplier=511&page=2 - 17k -

Cached - Similar pages
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What is R parameter? C HORIBA

y; Is the measured scattering at detector |

y(x:) is the scattering data at detector i calculated from the
size distribution

N is the number of detector channels used in the
calculation.
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i La-950 for Windows - [Result Data Yiew] _|E' ZI
| File Yiew Graph Display Conditions Mavigator  File Lisk Utlity  Export  Option  Advanced Function Sampler Help | =lelx]
i1 Set Conditions For Next Measurement
| & Ll Q
istibution Graph | [ata Tablel HesuItDatal
L Mavigator - Dwerlay memory | Mean Size 0,088 71 [ur] ID# : 200703271353031
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HORIBA

Changing RI

3 &
Q‘Y e
D fpyre OF
Measurement 1'
select Kernel x|
Load I — Sample informatian
Sampler‘gﬁme Folder: C:%Program FilessHORIBAVLA-SS0ELLAACQLISITION Kemnel Select Falder
ILUDD>< File Hame I File Comment | Sample Name | Sample Comment I Sam... | Sam... | Sam. I Sam... | Digpersion Mame I Dispersio... | Dizp... | Disp. -|
M aterial 1.331.0in1.385 1.331.0in1.385 13300 1.0000 1.3300 1.0000 Heptane Heptane  1.3850 1.38
[Colloid sfica 1451.0in1.33 14510 1.4500 1.0000 1.4500 1.0000 ‘water Water 13330 1.33
14510 14510 1.4500 1.0000 1.4500 1.0000 ‘water water 13330 1.33
Gource 1.511.0in1.33 15110 15100 1.0000 15100 1.0000 ‘water water 13330 1.33
[LuDax 1551.0in1.33 15510in1.33 15500 1.0000 15500 1.0000 ‘aater water 13330 1.33
e 1570 1570 15700 00000 15700 0.0000 ‘aater water 13330 1.33
1.590.1in1.378 15901in1.378 15900 01000 1.5900 01000 |sopropancl Isopropanal  1.3780 1.3
[o1-01183 160.1in1.33 160.1in1.33 16000 01000 1.6000 01000 ‘water afater 13330 1.33
1,601 in water RI=1.60 16000 00000 16000 0.0000 ‘wWater “tater 1330 1.33
Test or Assay, Number 170011 P4 17001 17000 01000 17000 01000 |sopropanai Isopropanal 13780 137
| I Aluring water Aluming Alumina 156500 0.0000 1.6600 0.0000 ‘Water i ater 13330 133
. ; Alaminm water Alumintm Aluminum 16000 54000 16000 5.4000 ‘water ater 1330 1.33
FEZ‘C“'EI';"DHESE“'"Q - e Arber waler b frber 15400 00000 15400 0.0000 Watsr Waer 1330 133
ctiveData . h Antimony weater Antimory Antimory 3.2000 50000 32000 5.0000 ‘wWater W ater 1.3330 1.33
& Seloot Data n Memom Fiie Name: [1.451.0 ﬂl Asphal waler #aphal Asphalt 16300 00000 16300 0.0000 Water Waler 13330 1.33
Comment: | oo | Batium carbonate water Barium carbonate Barium carbonate 16000 00000 16000 0.0000 ‘water Water 13330 1.33
SelectData Baium fluochlords witer Barium fluachloride Baium fluachloride 16400 00000 16400 0.0000 ‘water water 13330 1.33
— Form of Distribution Barium fluaride water Barium fluoride Barium fluoride: 1.4700 0.0000 1.4700 0.0000 ‘wWater water 1.3330 1.33
[1200711:201424025 Barium phosphate water Barium phosphate Barium phosphate 16200 00000 1.6200 00000 ‘water wiater 13330 1.33
[1200711201437028 Brarium sulfate wiater Barium sulfate Barium sulfate 16200 00000 1.6200 0.0000 ‘water water 13330 1.33
[]2007711201443027  Marual & Auto Barium sulfide water Barium sulfide Barium suffide 21600 00000 21600 0.0000 ‘water “wiater 13330 1.33
[1200711261353023 Barium yellow wiater Barium pellow Barium pellow 16300 00000 1.6300 0.0000 ‘water “wfater 13390 1.33
[120071127135303¢ Condiion ||temlimNumbE,15 Caadrmium sulfide water Cadmium sulfide Cadrium sulfide 24200 00000 24200 0.0000 water Water 1300 133
[]200711271404037 Calciurn alminate water Calcium alnirate Calcium alminate 17100 00000 1.7100 0.0000 ‘Water Water 13330 1.33
[]200711271405038 — Distribution base Calcium barate wisher Calcium barste Calcium borate 1.5000 0.0000 1.6000 0.0000 water Water 1,330 133
[1200711271410033 Calcium carbonate vaater Calcium carbonate Calcium carbonate 1.56800 00000 1.5800 0.0000 ‘Water Water 13330 1.33
[IRed lron Dxide 170 Max wet - 01 & Volume ( Area Canadian baksam waler Canadian balsam Canadian balsam 15200 00000 15200 00000 ‘Water ater 13330 1.33
 Length  Mumbers Carbon veater Carbon Carbon 1.9200 00000 1.9200 0.0000 ‘wWater Water 1.3330 1.33
& Celuriene veater Celuriene Celuriene 1.8400 00000 1.8400 0.0000 ‘wWater Water 1.3330 1.33
Chiome green water Chrome gresn Chiome green 24000 00000 24000 0.0000 ‘water Water 13330 1.33
Advanced Chiomium oxide witer Chromium oxide Chiomium oxide 25000 00000 25000 0.0000 ‘water water 13330 1.33
Cobalt blue water Cobalt blue Cobalt blue 1.7400 0.0000 1.7400 0.0000 ‘wWater water 1.3330 1.33
Cobalt green water Cabalt green Cobalt green 1.9700 00000 1.9700 0.0000 ‘wWater water 13330 133«
«| »
Cancel
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Changing RI

g
£

9 &
e fipre OF

Scie
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RIBA

LT

Measurement Dialog

Load

I — Sample infarmation

Calculation D ata Setting
 ActiveData
* Select Data in Memary

Sample Mame

JLUDO:
M aterial

|Collvidal siica
Source

JLuDOx
Lot Mumber

Jo1-01183
Test or Assay. Humber

|FO7OELOMT

— Refractive Index

File M ame: |1,45 1.0

Camment: |

Select Data

Create |

[1200711201424025
[ 1200711201 437026
[1200711201443027
[ 1200711261953029
[ 1200711271359036
[ 1200711271404037
[]200711271405038
[]200711271410033
[ |Red lron Oxide 170 kax whet - 01

— Form of Distibution

 Manual f* Auta

Caonditian | Iteration Mumber 15

— Distribution baze

& Yalume © Area
= Length ¢ Numbers

Advanced

ReCalz I Cancel
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Using R Value for i %

e fre OF

Real component = 1.57 via Becke line
Vary imaginary component, minimize Chi square & R parameter

~100

7.0~
! | Graph Type Refractive Index (R) Median Size Chi Square R Parameter :
IO — 1.57-0.0i[1.57-0.0i( 1.570 - 0.000i), Water( 1.333)] 20.41485(pm) 0.327785 0.054077 :
| |E— 1.57-0.1i[1.57-0.1i( 1.570 - 0.1001),Water( 1.333)] 18.65780(pm) 0.177736 0.036778
e | . 1.57-1.0i[1.57-1.0i( 1.570 - 1.000i),Water( 1.333)] 18.18505(pm) 0.218785 0.053589
= i
, "
1.0: : 2
SR
¢ Fhad °§
.'IG-: :W

4
{
4
i
+
i
2.0~ 2
1 -
1 -
| -
4 -
t s
{ 30
i

1
1.0+

‘
00— ' . . . | . -
o f00 T oo 0 oo 0o o oo o

Digweberia)
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Automation by Method Expert C :

B Analytical conditions B Calculation conditions

| Circulation Pump Speed
Circulation Pump Speed |

Real Refractive Index Wizard
Real Refractive Index Wizard |

Particle Concentration
Particle Concentration |

Imaginary Refractive Index Wizard
Imaginary Refractive Index Wizard |

' Ultrasonic Treatment
Ultrasonic Treatment |

gMeasurementDurattoﬂ V|eW MethOd Expert Webinar
Measurement Duration | TEOO4 in
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Automated RI Computation

B Real part study
® Need to fix imaginary part
® Set up to 5 real parts

® Software will compute all Rl and display R parameter
variation with Rl selection

= SfEE 1: Select measurement data for test
« Select Active Memory Data  Select DataFile |

— Step 2: Choose Rifor liquid dispersant . Step 3 Input Rl imaginary component for test

[1.333 Open List | || 0

— Step 4: Input Rl real component for test - |~ Step 5- Push "Execute " button.
TestValue1: |15 Test Value 4: f’18— ' This wizard is temporarily closed,
Test VValue 2- l"ﬁ— TestValue5 [19 and the test sequence is executed.
TestValue 3: [17 Execute Test Sequence ==
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utomalte omputation W #  scientific
'qum.\-.ui‘\#.
Calculation Optimization
Real Refractive Index Wizard -Result-
Graph Summary | Distributions | D90,050.D10 | R Parameter |
Diztribation Graph . - -
16 I a ;
] : E Real_RI-1.70- III.IIIIII?
% 10} _ E::::E::1:gg:g:gg: — |.
0 e e L == T B e T £ 1 SR P T
Q.01 ad : : 100 1000 3000
Digmeler{micro_&)
Do Rs0.oia W e e R Paraxeler
? 20 E Dan E: Q134
J 1 Jrp— 1] g
.3 I fem —r— T m
% i Ll o —n é 0.120
= 3"'|'""'""|"jl_'_'_'_i_'_'_'_1_'_'_'_1_'_'_'__'_'_'_1_'_'_'____n: L B B B B [ I L R Y B S S S R B
1.80- 0.0 e e e 1.50- 0.0 1.80- 0.00F e ST 1.50 0.00F
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Automated Rl Computation C

Graph Summary | Distributions | 090 D50 D10 | R Parameter

iziribation Graphk

[ oo oo oo oo oo oo oo oo oo -
16 "~ Feal RI-TE0-000 ————— :
1 \ Rea RI-1.70-0000 ——— !
_ 10: Feal _Fl-1.60-000i —— L
§ E a Real _RI-4.50- 0.00i |.
ﬂ—- 1 1 1 [ R ] || 1 1 1 [ ] || [ |- 1 [ ||| 1 1 ‘I--I-'|-i-T'l'I------r-'-l---l--l-'l-rrTT-----I.I 1
oot od ! : : 100 1000 3000
Digmelerimicro_x)
Dog s o0 e o e R Parameler
-E. 20 —Dan e o134
| o L D50 — 2
E , D10 g
S i ST I 3
1 m
o —— -
E. ol : | Q@ 2120
= L AN NN NN NN EEE A = IEEEEEEEEEE NN NN NN NN NNE 1N
[ g7 = | iim it i o= S [ [ [ |
1.80- 0.0y : 1. 50 0.0 1.80- 0.0 B 1.50- 0.0
Refraclive frdex Refracltive Index

Step 6. Choose the best value
Flease Select the parameter listed below which provides the best particle size distribution.
If wou wiould like assistance choosing the best value, please click the help symbol to the right.

Real_RI- 1.50- 0.00i j

< Back Mext » ‘
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Summary /J /, HORIBA
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B Measure sample, recalculate w/different Rl —
see how important it is

B Use one of the described approaches to
determine the real component

B Recalculate using different imaginary
component

B Choose result that minimizes R parameter,
but also check if result makes sense

® You wish you had Method Expert by your side
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M |aser Diffraction Calculations

B [mportance of Refractive Index

B Choosing Refractive Index

B Comparing Methods for Choosing
Refractive Index
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Study on TiO, {y, HORIBA
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Look up real refractive index, use R parameter to find imaginary.

0.17 —
_ 0.16 —
2
2 0.15
o
S 0.14 —
o —— R parameter
6 i, O et -e—- D10
-e— D50
0.12 — -0 D90
1.0 —
| 5 —
g 08 \/o
=
ﬂ:’ 0.6 —
©
g 0.4 — ® & — — 8 -9
A . 4 G
0.2 - ‘\\
0.0 | | | | |

2.70-10""] 2.70-10"i 2.70-107 2.70-10"] 2.70-1.00 |
Refractive Index
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Effect of Rl on R parameter [, HORIBA

10°

\

Imaginary refractive index, dimensionless

2.4 2.6 2.8 3.0 3.2 3.4 3.6
Real refractive index, dimensionless
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Calculated Value of D50

Imaginary refractive index, dimensionless

2.6 2.8 3.0 Bt 3.4 3.6
Real refractive index, dimensionless
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Effect of Rl on measured /), HORIBA

D 1 g e e OF
1 o R

@ 0.24\
@
5 4" 0:30
[7p]
C
£
= 0.25
xh -
g qp?
CIEJ 0.20
=
5
£ 0.15
O 40° = '
a -
© ]
= - 0.10
g —_
— _4_

103 0.05

- | |

2.4 2.6 2.8 3.0 3.2 34 3.6
Real refractive index, dimensionless
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Effect of Rl on measured /., HORIBA

& X
“ s & Scientific

Imaginary refractive index, dimensionless

2.4 2.6 2.8 3.0 3.2 3.4 3.6
Real refractive index, dimensionless
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'Qrmn..c_\:ﬁ"&
50- e -100
3 Data Name Graph Type Median Size
: Fraunhoffer Kernal [ | — 0.56861(um) .
40- 2.70-0.0010i C]— 0.42113(pm) ~80
! 2.60-0.0010i C]— 0.45409(pum) ;
3.25-0.1000i C]— 0.36778(um) :
] [ -
30- :—60§
> | - N
g 5
C - o
20- ;—40%
10 ~20
0 . ey P i oo oo . -0
0.010 0.100 1.000 10.00 100.0 1000 3000

Diameter(um)
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Results {y, HORIBA

D10, Difference D50, Difference D90,
érnicrons mlcrons from cgrrect micro

<
8
i
(D
]

0.30 0.42 10.80

(correct value)
2.6 - 0.001i
Fraunhofer

bie 059
0.81  1.2%
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Recommendations .y, HORIBA
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B Use the Mie model when evaluating laser
diffraction data.

B Search for literature for real and imaginary
refractive index values or measure your
sample yourself.

M [f literature values are not available, use the
data to estimate values, it is better than
guessing or using the Fraunhofer model.

B Once you choose a refractive index value,
stick with it.
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Q&A {y, HORIBA

q’(‘l‘hnlm.{’““

Ask a question at

Keep reading the monthly
e-mail newsletter!

Visit the to find the video and slides
from this webinar.

Jeff Bodycomb, Ph.D.
P: 866-562-4698
E: jeff.bodycomb@horiba.com

Thank=you
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Thank you




6 HORIBA

PR sciantific
"'&M,,Lm“\

Thank you BYMESTENELE

Cam on

Dziekuje UYDUAUATL T

Gracias '
Grazie

200G EUXOPIOTOUME PR ELH

I GU!T!!)I

- Obrigado
ZArerLICH Bonbluoe cnacu6o

Explore the future Automotive Test Systems | Process & Environmental | Medical | Semiconductor | Scientific HORIBA
© 2013 HORIBA, Ltd. All rights reserved.




