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Wall coated open tubular (WCOT)

3l 5SS 5L glaly)  m

B capillary column
= liquid stationary phase Support coated open tubular (SCOT)
@ porous solid support coated w/liquid stationary phase
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L oo (o S Y

Type of Column

FSWC WCOT SCOT Packed
Length 10t 1000 m 10t 1000 m 10 to 100 m Tto6m
Inner Diameter 0.1 to 0.3 mm 0.25t0 0.7 mm 0.5 mm 2104 mm
Efficiency (plates/im) 2000 to 4000 1000 to 4000 600 to 1200 500 to 1000
Sample Size 1010 75 ng 1010 1000 ng 10 to 1000 ng 10to 108 ng
Fressure L oy Loy L o High
Speed Fast Fast Fast oy
Inertness Best (000 Fair Poor
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Bonded polysiloxanes (examples):

ex. By and R, =Ph m=95% and n=5%

and numerous other phases
with diverse chains

(CHa)a-CN or CyH4-CFa...

Method of formation of a bonded phase

Me
| i Meo Yoo Yoo e
M A _Me Wall of silica Me ! O ! _O_ ! _O_ ! _O
Q\E_iz‘:’ 5'\0 (capillary tube) “‘5|" S ““5|" Si ~ Polymer
Me™ e T>400°C O Me Me Me
o) I g , : , : :
Me_..sili—{jf \Me (=CHy) \DKSL‘DJJSIHDHSIEDHSL“DESIMDH
Me Silica wall
Polyethyleneglycols

0—C—C “carbowax”
Ho Hp |
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Jglae Sl elasls

oolS ok L
JsL st b

>

55



Gilwloz sba g,
(GC) 35 815 gilog,s
Sopllows >

L gt (g0, -V

Jolae oSl slasle >
Some Commeon Stationary Phases for Gas-Liquid Chromatography

Maximum
Common Trade Temperature,
Stationary Phase Name *C Common Applications
Polydimethyl siloxane OV-1, SE-30 350 General-purpose nonpolar phase;
hydrocarbons; polynuclear aromatics;
drugs; steroids; PCBs
Poly(phenylmethyldimethyl) OV-3, SE-52 350 Fatty acid methyl esters; alkaloids;
siloxane (10% phenyl) drugs; halogenated compounds
Poly(phenylmethyl) siloxane OV-17 250 Drugs; steroids; pesticides; glycols
(50% phenyl)
Poly(trifluoropropyldimethyl) OV-210 200 Chlorinated aromatics; nitroaromatics;
siloxane alkyl-substituted benzenes
Polyethylene glycol Carbowax 20M 250 Free acids; alcohols; ethers; essential
oils; glycols
Poly(dicyanoallyldimethyl) 0ov-275 240 Polyunsaturated fatty acids; rosin
siloxane acids; free acids; alcohols
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Common stationary phases in capillary gas chromatography

Temperature range

Structure Polarity i '['_}__ ‘5)9.“ li?u& o) >

- - r g xr=10 Nonpolar 6l -320°
@ CH, x = 005 Nt'ﬂ\[:mlar HE—320°
| x =035 Inl-:'mlcldimt 0P =" b - N .
1°1 D_sii—_ 0.65 1 P‘Uh:::::ll'Ir 50°-37 C Py
x =065 Intermediate S0°-370° Grd J-U.
of| il Joloze oSl slajls >
L 3k 1.
{Driphemy 0, (dimethyly,
I'Kll!'h!mt
[ en] [ ]
< CH,
| |
+-0—35i {}—El.i - Intermediate polarity 2280
: e “86

(CyanopropyiphenyTl, 4
ldll!‘l‘!h,llhn I\l."hlh.l'.l.ﬂr.l.'
+CH,CH,— 0O Strongly polar 407 -250°
Carbowax
{polyrethylene glycoli)

[ 7

en] | CN |
-:."j %
]
00— 5i -0 —Si—t Strongly polar 0°-275°

J
< 3
] @
CN
- a9 - “tl
{ Biscyanopropyl i,
{oyunopropaiphenyly, , polysiloxanc

oLl o lLLSIS — couls 0aSClil 57



Silwlaz sy,
(GC) &35 53,5 gilog,s
Sopllows >
losi g S -V
(S el mle 5B) SLo 36 Slovgas >

oo ;S Lo 5l YL ol 3 il a0 Ve e Blas b sle (hgm alais Jloasl b j0) oS Cuyls o
(W2l g o sles

sl solul o
ot g5l o "
L (G pdy Ml a5 (6,85l o B ool 4398 SO ygim 5o Joline (8895 Lo oyidls (sl

g 35 o0 Jlos! “Aiguh o0 Jo ST j0 buiilen” Lol Lol jo aas lis se5 5l Sl 5
Byl o Ll ool Cois ol g 0digl o pe slacodad 4 “adilod” sl o

LS &S — o suSilo 58



Silwlos b g,

(GC) &35 S S oleg,s

Polarity of solutes

Lowigd Jo coukrd >

MNonpolar

Veak intermediate polarity

Saturated hydrocarbons
Olefinic hydrocarbons
Aromatic hydrocarbons
Halocarbons
Mercaptans

Sulfides

CS,

Ethers

Kelones

Aldehydes

Esters

Tertiary amines

Nitro compounds {(without o-H atoms)
Nitriles (without ce-atoms)

Strong intermediate polarity

strongly polar

Alcohols

Carboxylic acids

Phenols

Primary and secondary amines
Oximes

MNitro compounds (with ce-H atoms)
Nitriles (with o-H atoms)

Polyhydroxyalcohols
Amino alcohols
Hydroxy acids
Polyprotic acids
Polyphenols
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e s 5l e sloal Feileg,s P

F g

r] W
1 ] 1 1 ]
i) ] 12 1% 18

min
B c

(&) Stercids: A, DHA;
B o 8, eitraionol Eg;
| C, estrone E; ;
,} D, EP-testospherane;
L “ E, estriol Ej,
i E
L JUUY
1 ]

0 [ 12 15 !

min

ol&lf PYCWE KY e ) WL W] K

i

{d} Sedative mixture: A, butalbital;
8, smobarbital; C, pentobarbital;
D, secobarbital; E, glutethimide;
F, phenobarbital, All st 500 ng.

A
4 B 12 16 Time

1
0

180° T 2307 Haolding temg.
196° 228° "

g

A

B (f} Carbohydrates:
- o A, fructose;
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Flame ionization detector (FID)  glales iig jlo, sl =
Thermal conductivity detector (TCD) Sasls, L5 5L Kl
Electron capture detector (ECD) s;lail .5 oo oSl 5l IS8T
Thermionic ionization detector (TID) g L5 jlo, Kol

Mass spectrometer (MS) o,> zw il
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Flame ionization detector (FID) lales iig jlo a1 >
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Electron capture detector (ECD) ;a8 o oSl 5l 80T >
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Effuent out

Collector electrode

B3
i

Source

Current signal

T

From column
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Thermionic ionization detector (TID) g L5 5L KT >
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Mass spectrometer (MS) > mw s >
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gas chromatograph mass spectrometer
injector

He inlet ion

source mass filter

€ detector
- Pyt /‘“"‘/?‘;r_-—"-»/f‘_*;\
column / et o e X
/ ( ]

evacuated chamber

____—__—

heated oven
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Skimmer
orifice

To mass
,;:-:f' — Sspectrometer
e 10n source

GC effluent
—_—

To vacuum
pump
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Make lons =)» Sortlons =) Detectlons =) Record Measured lons

Mass Data
Analyzer System

Sample Vacuum
Inlet System
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(Crtnoail) Sl o0 Mo a1 5L (o032 (T b 50 152

.
lon Source Detector

High Vacuum
The mean free path for a high vacuum

is longer than the distance between
the ion source and the detector

Low Vacuum

The mean free path for a low vacuum
is shorter than the distance between
the ion source and the detector
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gy &b

Make lons =)» Sortlons =J)» Detectlons =) Record Measured lons

Mass Data
Analyzer System

Sample Vacuum
Inlet System

Electron lonization (El) s xSl eelyss @

Chemical lonization(Cl) olews gl ©
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Electron lonization (El) Jgusd! cyguml jugs

~70 Volts

I | Electron Collector (Trap)

Positive
Ions

Filament Extraction
Plate
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Start Animation

lon Source Mass Analyzer Detector
——
T
o Library SpectEuI["n
: 4
Mass Spectrum of Methane E
H =
= I
@| H—C—H I |
2 L : . . .
= 12 13 14 15 16 17
miz
Mote: The mass separation procedure shown here
' ' is not accurate, because it depends on the type of

13 14 15 16 17 Ms
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Chemical lonization(Cl) o leowis ygum!juigs

Gyl 3D ool oyde Bpae 5 sl JeSge o (JeNse O oiSly (olerd Gorulidn o @
S pdyse Oype Cllil slayg sl cuz e bl 5 sla 5550 5 (G5, Lo
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Chemical lonization(Cl) o beowis ygumw!juigs

Primary EI "l Formation of Reactant lons i3 Sample lonization

Samples are ionized through molecular-ion reaction with reactant ions in PCI.

Ionization process of PCI will be shown in case of methane which is the most
commonly used reagent gas.

At first, reagent gas is ionized.

(1) Primary El CH4+e --> CH4*, CHz....

(2) Formation of The above ions react with reagent gas to form reactant ions.
CH4*+CHs4 --> CH3+CHs*, CH3*+CH4 --> H2+CzHst,...

Sample molecules M is ionized by some reactions with the
(3) Sample Ionization UGEEChINHEH

M+CHs* --> [M+H]*+CHas, M+CzHs* -->[M+C2aHs]",..
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(Cyinaoas|) o3 Lol oy gunnr] Jui g9

Primary EI 'Sl Formation of Reactant lons i =3 Sample lonization

Protonated Molecule H

-4

C2ls  \1+20] peak

Restart animation

M+CHs* --> [M+H]*+CHs : Proton Transfer
M+C.Hs* —->[M+C2Hs]" : Addition of Reactant lon

ol&lf PYCWE KY e ) WL W] K

85



Silwlos sy g,

QWG Zao 9O (0 3> b

methylstearate : m.w. 298

El 1004 74
i 87 Small molecular peak
50+ W at m/z = 298
0
-298
0 I.‘ N 129 14|3 199 295 |
75 100 125 150 175 200 225 250 275 "miz
PC1|00 R Gas : Meth =
eagent Gas : Methane (1) Protonated molecule
50+
s (2) Less Fragmentation e
0 L | . L} L | L | L} L] | L | | | |Il
75 100 125 150 175 200 225 250 275 m/z
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=0y b 5l JLe
100 125
N
+ /5
N Cl
c
@® 50 89
‘E 160
25
73 99
84
0 \ ||| gy al, 109 _ |g|._13.3 _ 1
25.0 50.0 75.0 100.0 125.0 150.0
m/z

m : mass of ion
Z : charge of ion
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- Cl
= 75 y
) Cl
-
"q"') 2 ® 160
E 63

25

0 J 2? :ul_ a i ||| gl al, _109 ! |!| _133_ . L,

25.0 50.0 75.0 100.0 125, 150.0
m/z
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FNg0 g Sy

125 m/z : 160
100 = +
Cl Molecular Weight : 160 Cl
>
=75 Cl
7))
ﬂ(]c_.‘) sod L )|  TTTTeee- g cant SR R Molecular lon
See- 160
i 63
25
27 380 N 84 %9 ‘
0l RN 1Y Y G || N | | 1
25.0 50.0 75.0 100.0 128.0 150.0
m/z
°+ lonization
Molecular lon Sample Compound
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100

Intensity

e

Cl

125
Molecular Weight : 160
Cl
Molecular lon
160
Fragment lons
.......................................... B
99
109 133 il
10 .0 125.0 150.0

+ |onization

‘_

Sample Compound

+ Fragmentatlon

Fragment lon molecular lon
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Isotope Peak
alll, =7

100
=75
/p)
| -
D 50 89
e
< 63
25
39 50 /3
0 27 84 ?f 109
| A 1, N
25.0 50.0 75.0 100.0
m/z
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Mass Analyzers - oy> b 54y

(Magnetic sector mass analyzer) wwblso glhad ooy a3

(Quadrupole mass analyzer ) ks s oy Sy

e 9

g, Zao S0y S h y L]
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Detector

Electromagnet

P b ygs o
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m VAROHW (1115))
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ablzo glhd o> JSa i

bonis that are too heavy

ion : bend wo linle
bem o ~ - flight tube

only ions of the right mass
can enter the detector

insulator

4 oms that are too light
1o * bend o0 miuch — detector slits
SOMITCE :
__EIH“E — detector
ko '.-uu:'uum
4 pump
L " accelerator
plate
probe sample
| | recorder
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(Electron Multiplier) ;yg ,usdl ousos piss

(Faraday Cup) sol,l ylxs
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(Electron Multiplier) ¢yg yuis susos yiss

loolfiole;l 25T 6l p olesl 0,50 @
(10%-10°) Y o o3gumme 05 5255 (107) Yoy ©

(a) (b)

(x 10F)
'

+ IRV

s in

‘ L

_ *‘

= signal out
ix 10%)
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Py T b sladilbulis

Sledlbl sg>¢ (Hyphenated techniques) _asl sls jsg, ;oo a4 s GCIMS Ll 51 S
LSy pl (oo b alio &,k 5l Jome sloceS 5 ololl sl ol [l b aiae
D pds o0 Dygo (o0, Fuew Gub ol AlbulS 10 9290 palas eSS o> ol

Ry C Y LSLQAJBL}US

NIST ~ 80,000 . sgee oslic b slocads ™
Wiley ~250,000 « sg0e dslin b slacal ™
Pfleger ~2000 5,15 5 pyom slocals ™
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F S plSFleg s

00,5 xex 5l &S cul ol Seileg, s (Total lon Chromatogram(TIC)) IS Sg el Seileg,S
Jolis g 098 oo ol (LSS (6,105 o) (sl Sl late coy> b lacSs pled slacsas

Aol oo digas slizl g diey g

Background Moise

Signal Intensity

Time Summing up signal
intensity over all m/z's
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v SPB-35 Column (Supelco), 29 -
3 Cio (67) L=30m, T=114°C, He gas. »7 logt’gy /{3}\ /
- * Q
e Cy4 (113) 0P
§ 11 (t'a, in Seconds) 2,5 5 159{*» Z'/
= Cyz (205 ' ods
3 12 (205) 2,3 7;‘}%/
C'IB {3?-” 2 1 !
Cy4 (666) /“‘7
im(0) | 1 19 [
i Hl LI_I . I I I I| T T / qu{m 1,7
o 2 4 6 8 10 12 14 Carbon number (n)
Retention time (min) 10 1 12 13 14
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Petrocol Column DH(Supelcao), . logt'
L=50m, T=60°C, He car. gas. 109 R 3.2 i -
C4(390) 3,03 - g5 hoemae. s ]
(731) (1350) /1', o |
C;(563) (tn Sec) 2.8 o? i
© 2,65P -5l L -2 |
o : CAETT
g Ca(938) < 2.4 = !
% g C 19 2.2 : |
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Dlincny phthalate

Lag (Adjusied Relention Time)

H 1 i
a0 d44 TOD T332 a0c 200
Setention Index (1)
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Retention index?
W .
@ gy I /"k/\ WND? (_JLN
Benzene Butanol 2-Pentanone 1-Nitropropane Pyridine
Phase h.p. 80°C h.p. 117°C b.p. 102 C b.p. 132°C h.p. 116°C
Poly{dimethylsiloxane) 657 648 670 708 137
‘Diphenyl), js(dimethyl), os- 672 664 691 745 761
polysiloxane
[ Diphenyl),, ys(dimethyl ), g5~ 754 TIT 777 871 879
polysiloxane
(Cyanopropylphenyl);, |4 726 773 T84 BEO 852
(dimethy!)y ypolysiloxane
(Diphenyl) s(dimethyl), 15 797 779 824 941 943
polysiloxane
Polylethylene glycol) 956 I 142 987 1217 I 185
(Biscyanopropyl), o- 1 061 1232 1174 1409 1331
(cyanopropylphenyl), -
polysiloxane
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(Liquid Chromatography) asle 81,5¢ileg S

Lol o] ol £95 F a8 ol mle o] 5o 5 e 58 a5 el 31, S5iles,S glgil 5l S anle 3 Fgileg,S

(Partition Chromatography)  cewwii 81,5 gilog,s -9
(Adsorption Chromatography) s wis 81,5 gileg,s -
(lon-Exchange Chromatography) Jg Jols 31,5 gileg,s - ¥
(Size Exclusion Chromatography) s ,b ojlail 31,5 gileg,s —F
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(Liquid Chromatography) asle 81,5¢ileg S

(Partition Chromatography)  cowwdi 81,5 eilog s -9
Lol 00l 00 )5 &y de 5 iion (mle (SIS eileg ST (g, Jlez e O sl (Bl S g5leg S
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cho 4 olews ob 4 Sl ;6 ((Bonded-phase chromatography) gaigw -3 81,5¢lg,s U
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(Liquid Chromatography) asle 81,5¢ileg S
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Bramahie Fluarinohed

Holegonoted Aliphatic

Mobile Phases

Stationary Phases

LN
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Stationary Phase Is Non-Polar (C,;)

Mabile Phase
I l —+ |s Polar
r- Y  (Aqueous)
WHY Do They Separate?
Sample
CH,
Si—D—.‘:i.i—ClgHj;
CH;
CH,
Si_O_E‘ipi_CISHS? b8 e Slwlé
CH,
CH,
Si—O—E%i—ClSH3;
CH,
—3ym —

ol PYCWE KY — (O IRCOWE K 111



Silwlos sy g,

Dgdsn = Sy B o i das 5l 15 0 o0 sagd Jol Comdad (pp e sz (Jlo g 5l 1S gileg ST 5o
ol ool 5o o paadad (0sSas S hg, j0 (mSe b o ralS gl le oS e 3B el oliel L
A2 oo Gl ) Glagd Gloj oS e 518 Cundad (ol58l 5 000 o0

Jboy 36 Sl gileg,s a5 3B S ,Faileg,S

ol S b Iy 50 YU Camdad b Syt 58

Aaa  Ada

—_— le) —

buwgio Coudad b S o 518 buwgio Candad L S i jU8

CA aVB\c

e Q,Lnj—h-

A>B>C :bowigds Jo coumkd

Ol o BLLI1S — couds 0aSClild 112



Silwlos sy g,

550 316 31,5 ilog 5 50 (g3lelaz 0 yShoe p JuSIT 09,5 yuzis Jobo 1

...\3)3’0..\3)|.>)‘lg as DS 0 Jusls | ‘sa‘lbowﬁ: )4..\*1.’ ‘sl.aa).,:.‘{d}

I. Uracilo
2. Fenol
; 1. Acetofenona
-_Jf-.'—'-ﬂ 4, Mitrobsencenn
%, Benzogto de metilo
6, Tedueno
Jod Sl
| i
2 54 2 ;
L + g
3 1 L]
Ly b bl Lol la e ladbalalgl o b bala b b ba ol o lalal
02 4 6 B 0 2 4 6 ® 1012 14 16 0 2 4 6 2 101214 1618 2022 24
afl iy yla) afl byl adfl byl

Ol o BLLI1S — couds 0aSClild 113



Silwlos sy g,

(Liquid Chromatography) aste 31,5 g5log,s

o od (S5 gileg,s -V

Syge (Sle JB g S e B linl (aw Dy Dold Gl p silelan (Bl F gl S egi cnl 5o
asle) del> Sle 5B 4 (%2 wile D) pbe S e 5B daw Cdx B35 eikg S 0 0,5
D5 oo Dgmine Jolzr — molo (Sl S gileg S5l Lol g5 ol plo sl (50w b (o]

Ol 5l 095 e b (S SO P gilulazr ggi cnl o
S5 e Ja 55 b 1, Lyl sl (051 S8) wale i
oole (59, » Ol (haw Ci> e 4 iz e IS > ey
oS &S Gloole ey i ol 4 ols Sy e JBIo
aolgz (sl suls Cdz> ol aS glosls 5l s el ool LA
GYL Cod o Wil YL Cds cllB aS Sl g 0g
o=l slaleensd o Al S Gl culils as 6AL~.?‘ 9y g
e ol u B ST o xlgs Ods «ygiw

85 aales aloul JalS lge (gjlulas wll oby BS o>

Ol o BLLI1S — couds 0aSClild 114



Silwlos sy g,

(Liquid Chromatography) aste 31,5 g5log,s
S Jol (Bl Sgleg,s Y

B 0 (Hg s Wigwy S Sl gl g by yeuilS

(e.0. R-SO57) (okid Sl 3L:layeils O
(.0 HNO; ag.) ks & yzio 3

(e.0. R-NR3*) ok (ySlw 36 :la el O
(e.g Na,CO; aq.) whd & yzxio 31
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(Liquid Chromatography) asle 81,5¢ileg S
S Jol (Sl by 5 Y
S o 8

A2 o0 JUWEG g oo S o 095 o |y diged Syxin 30 O

Anions il o Jalos Ygoze o yxio 3B O
> Phthalic acid Cations

> Salicylic acid

> p-Hydroxybenzoic acid » Tartaric acid/Dipicolinic acid

> Benzoic acid > Nitric acid

> Borate/Gluconate » Tartaric acid

> Potassium hydroxide >  Tartaric acid/Citric acid

>  Carbonate/Bicarbonate > Sodium dihydrogene phosphate

> Hydroxide >  Oxalic acid/Ethylene diamine/Acetone

> Borate
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Sy Jold (BT eileg )5 Y
Sl le >

L N pomigw £ o3y Jelo

‘)“""‘"’9““’ / asJ"’Lc"’B)f
» Polystyrene / Divinylbenzene
* Polymethacrylate
» Polyvinylalcohol
yviny C NRY

- SO
« Silica gel
Sowls ,SIols S Sl
« Sulfonates e Quaternary ammonium
groups

« Carboxylates Alkyl amines

* Hydroxy-alkylamines
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Cation 1 -2

(Liquid Chromatography) aste 3,5 gileg 5

Tartaric acid; 5.0 mmol/L

1

© ONO UM WN

Lithium
Sodium
Potassium
Rubidium
Cesium
Magnesium
Calcium
Strontium

Barium

10
10
10
10
10
10
10
10

10
ppm
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A Supp 5 — 250 ™ |

NaHCO,/Na,CO,; 1/3.2 mmol/L *

1 Fluoride 5.0 4

2  Chlorite 5.0 160+

3 Bromate 5.0 140-

4  Chloride 5.0 120

5 Nitrite 5.0

7  Chlorate 5.0 m'

8 Bromide 5.0 “

9 Nitrate 5.0 o

10 Phosphate 5.0 40 ! )

11 Sulfate 5.0 L 5: ﬁ I 10 i

ppm - L ﬁ|IM }\ | I!L\ | I/\ |
o2 4l i 3 18 20 » 24 % M 0 3 34 3% min
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Molecular weight
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2
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b—

Increasing polarity =

Water-soluble

Water-insoluble

Nonpolar lonic

1 I
Nonionic polar

Partition

(Reversed-
phase

partition)

(Normal
partition)

Exclusion

(Gel permeation) (Gel filtration)
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Regulated
helivm source
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§ To

L —

P asle
- o FPulse damper 1 .

0 ) oo ) (00 Log L/ 1 tntet I I
Solvent / \ check valve ¥ Drain valve
reservoirs Tmlen

¥ : v L ) &

S-p_..lrger Filter Pump
., B s ~
s - T
J l Priming syringe
- e
Solvent proportioning valve
=— To detector = =i 1 l.. } e s 1 =1 H r— et
o lana 50 53 Back-pressore
Fressure

Filter
regulator
transducer E

Injector valwve
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= Detector
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Compound B

1, F Control and f|
L L . [ ) Compound A ‘
Column and | data processing |1 | Compound C
column oven — = JLJ |
= | — " A - I\——u\_

0 2 4 g a 10 12 14min

Pump Injector

Chromatogram
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Column: Z0ORBAX SB-C18
o 4.6 x 150 mm, 5 pm 20 — 60% Acetonitrile in water
70% water/30% Acetonitrile Mobile Phase: A: H,O with 0.1% TFA, pH 2 ; .
B: Acetonitrile in 30 min.
12 Flow Rate: 1.0 mL/min
4 Temperature: 35°C
Sample: 1. Tebuthiuron £
2. Prometon 4
5 3. Prometryne
4. Atrazine g
5. Bentazon .
6. Fropazine Note:
7. Propanil _Iast peak_eluted
8. Metolachlor In - 28 minutes
and it is sharper
2
3 3
Note: .
last peak eluted in 1
6 - .
g 70 minutes ,
.ILJ_ A
M T T T I T | T | 1
i 25 50 75 i 5 10 15 n 25 n
Time {min} Time {min)
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5 E ! 2 AJ&M‘SA Sgdwe )NJGLA\ b
| Diffraction Half mirror Flow cell Sample-side
grating E light-receiving section
T Waste \ E
v
Reference-side Output for data
'(IN lamp }\ light-receiving section processing
380 to 900 nm
N D, lamp
- {190 to 380 nmy

Mirror
(The light source is selected with the angle of the mirror
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N 1 1 /A 1\

12 3 4 5 6§ 7

_-': Kavain 4

050 4 .
£ 7 Dihydrokavain--------- 5
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i: 0.40 Yangonin 6 5
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Incoming light beam Perpendicular to surface
N Snell’s Law:
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Y L Angle of incidence
NN ]
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] Medium 1, RI=n, Moy S jlade az e o] j0 g8 s a5
Medium 2, Rl = n, b oo oS
Angle of refraction —;\
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_ - - + +
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