Shake for 1 minute, allow to stand for 2 minutes, and add 10mL o
allow o stand for  minutes, remove the stopper, and ringe it and

otassium

6 neck of{

with 0.1 N sodium thiosulfate VS, adding starch TS as the endpoi

5 approat

16 flask i

ned. Perfo

L of hydrochlonc acid, and at once insert the stopperint
locide TS whilg Slightly loosening the stopper. Shake tho

E-mm

Assay= Dissolve about 1.5 g of Osi accurately weighed, In water to make 30,0 mL. Transfer to an ocime fiask 20.0 mL of the resuting
solution, add 0.0 mL of 0.1 N bromine VS, diute with 30 mL of water add 3

e flask
0ugny,

1 20 mL of water Into the flask. Titrate the libe

thiosulfate VS used, calculate the volume, in mL, of 0.1 N bromine VS consumed by the . Each mL of 0.1 N bromine is equiva

mg of CGH602.

ated lodine

m alank determination. From the volume of 0.1 N sodium

antto 1.835

IR




HO OH
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OH

OH
Br Br
+ 3 Br, — + 3 HBr
OH OH ‘
Br

KI + Br, - KBr+1,

2Na2S202 + I » NaxS40¢ +  2Nal

(Sod. thiosulphate) (Iodine) (Sod. tetrathionate) (Sod. iodide)




lodide ion—

Determination of fotel M— Dissolve about 900 mg of [ETsmie-blt= accurately weighed, in 100 mL of water in a 250-mL conical flask. Add
sodium bisulft TS untithe color o Bla has disappeared. Add 25.0 mLof 0.1 N siiver nitrate V'S and 10 mL of itic acid, and mix. Titrate the

silver nitrate with 0.1 N ammonium thiocyanate VS, using ferric ammonium sulfate TS as the indicator. Perform a blank determination (see
Residual Titations under Tirimefry (541)). Each mL of 0.1 N siver nitrateis equivalent to 12.69 mg of | From the percentage oftotal SHILG,
calculated on the dried basis, subtractthe percentage of available [SNLeG (see Assay for available ), to obtain the percentage of iodide ion. Not

more than 6.6% calculated on the dried basis, is found.




Assay— Transfer to a 100-mL beaker an accurately measured volume of Topical Solution, equivalent to about 50 mg of SR, and add water o
make a total volume of not less than 30 mL. Titrate immediately with 0.02 N sodium thiosulfate VS, determining the endpoint potentiometrically,

using a platinum-calomel electrode system. Perform a blank determination, and make any necessary correction. Each mL of 0.02 N sodium
thiosulfate Is equivalent to 2.538 mg of .




Chromatography
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Branches of Chromatography

| |

Gas
Chromatography

Gas-Liquid Gas-Solid

© Dunnivant & Ginsbach

Liquid
Chromatography
lon Exclusion
Exchange
Partition Liquid Solid
Chromatography  Absorption
Paper Thin
Chromatography Layer

Supercritical
Fluid
Chromatography

GC. LC n3wluaaannudunuuo
AR 1WA Retention time (t,) >>>
chromatogram (Y:Signal, X:t,)

TLC PC AU R (ﬁ EJ‘“‘VIN Solute
Lﬂﬁ@l!‘i/l‘ﬁﬁﬂi]ﬂ MP ma@u‘n)



HPLC




HPLC

¢ A d
gailszasnnsei)szleriives Chromatography

1.

Gl“lg)’jllﬂﬂﬁﬁl!)ﬁs‘]'a%"]fﬁﬂ@’ﬁ]ﬂi]”lﬂellﬂﬂwﬁu

o . A & Y 1 A a A 9 3
A5 UANNANUAND (Homogeneity) H30mM 3t uitlouvosdiegd tilsannmsriameiszasalsing iy
v J 1
uouAeIMIoaAed luasanursouuurusz U lunszuIums Iasu Tans i

7 ¥
m“lﬁ’mimqm 1% 115 1% ion exchange chromatography KNe3 83 deionized water H3omM3ten TUsauld
o’
vignsninlfmatalasunInnsil
st Tﬂﬂmﬁmmﬁmummaauuiwmaﬂa maaﬂﬁm"l’;ﬂmgmﬂaﬂﬂuw umﬁ]ﬂmgmﬂ

maau‘wﬂﬁmmuam FIDIAIYNAL Mo ueenu wzilnldasazaef da UL s U ATy

Y] s =\ [y} A c:; 9 Y
ATIBNANHAIVBIAT lABINgUN t, N30 Rfm"l@mﬂfmmm@;m Melagn1NZUeInNTZUIUNT IATUIINT D
1PN U

a Jd A . 9 H 1 <y}

1A rziTua TaenfTouneu peak height, peak area, YUIAKTOANUANUDIIANUTINYUULHUTEUIUALES
d A Yy Y Y, o

1AsTUANIUlsnarseanundunelagn1izveanszuaums lasu Innsiliaeanu

A
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Soleat

AINT 10.1 §ruisinavvadasad HPLC

ﬁ:.h :  http://www_waters_com-WatersDivision-images-products-hplc_primer_fig_d_jpg




Chromatographic

1 Process
A
- B
{ | [ Chromatogram
|| A
Ve

Elution through the Column

= a A9 o a A
AMNN 10.2 anusUad chromatogram Ylvlﬂil’mn"lﬂl.ﬂi']:‘bﬂﬂmﬂim HPLC

A
N ©  hitp://www_waters_com-WatersDivision-images-products-hplc_primer_fig_d_jpg




= ¢ & A Y
NIITNIADININEI IV

Retention time = 328213217 MP WM1#30%2a19a15629819 :
naouNHIM SP

Number of theoretical plates = U9rD919zan5nnves Tailing Factor:
v ¢ v do A A

ADANTI ABANUNUNMIUTIY IaatiNesla >> Bagetiall

Uszansnmlumsnend

=K
0 Asymmetry Factor:
=

N

TF = AB/2AC,, AS = BCICA, .

v v
I A =

Resolution (Rs) = A1NUBNIINNUDIAITADI¥HAND
AANUUENDBNDINNUAINYI] A

e®@.

. _ v N A ___ ------- 0% OF
Asymmetric factor (AF) = U3U3NAINNANHNIAIVDINNN R ST (S, SR PEAK MEIGHT

laarnmsuen — TIME ——e

S5 Ulund¥drSy 9v1%A1 Peak asymmetry %130 Tailing

factor(T) i‘!ﬁ
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U/

ﬂi%ﬂ?ﬂﬂ1§‘ﬁ$éj1\‘iﬁ§®w1ﬁﬁﬂ3?35}N@@ﬂ‘ﬂ1ﬂ SP

QU axy ==

MIFLANUIONIAITAD1999NINIYNIABYNUNAWINNIAATDUN TNV 2 75
A0NU AD
. . <3 9 A Yy 1 9 2 =
1. Isocratic elution 1JUNTLUVIUMIFLANNIONIANIIAI0E199DNIN SP Iag Ty MP &l

' ~ ' Yy oY A A A Aq Y AW 1o Y
ﬁjuwﬁﬂﬂﬁﬂiﬂﬂﬁa@ﬂ LBH AMTULUVUVYUNITO pH NN jﬁuclﬂfcluﬂTiLlﬂﬂm@\clNﬁilﬂlljJG])"]JG])'f’]u

3 Y] 1 d'
2. Gradient elution 1] HNTZUIUNITHLANHIOWIA15H2081900010 SP Taensilasy
AaIUNTUVDI MP

- =
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Adsorption chromatography

Adsorption chromatography/Liquid solid chromatography (LSC)

= VY an 1 v v
ﬂﬂllﬂfnil!ﬂﬂ UNIIAATUDUATNIYIVDIT Y ﬁﬂﬂ%lﬂ@ﬂiﬂlﬂf}ﬂﬁ"ﬁﬂﬂ polar hydroxy
9
group 1359 silanol group (Si-OH) VUNUAIVDA silica

Y
v Y

ﬁ'ﬁ‘l/]ﬂJﬁﬂ"lW*”U’Jiﬂﬂﬁ] ﬂﬂﬁuﬁﬂlﬁuﬂﬂﬂﬂﬂuﬁgﬂ”lﬂﬂﬁj UNUI ﬁﬂliﬁ]%ﬂﬂ Elute ’E’)E’Jﬂlﬂﬂﬂ
ﬂ’ﬂﬁ"li‘l/]ﬂJﬁﬂWWGU’J@H

A30819
9

Aa I H
SP-Solid HeuUDILVINYY7 195U Silica

Y
[ = Y

v o a A IA
MP-Liquid mmazmﬂaumem”lmm 1% Dichloromethane

12




m Normal phase Reversed phase

Partition chromatography

HaANMI LENAITALVINA A -CN, -NH,,, -OH (ﬂl?ﬁﬂ) -C8, C18 -

- H.(T26

32 1YY A s(U39)
MP Hexane, H20, CH30H,

"liquid-liquid chromatography — SP If a0UAAL

dichloromethane, Acetonitrile
OUMALLLUNIININ

Tetrahydrofuran (THF) ~ (ACN) (¥2g4)

"Bonded phase chromatography — SP (NANUT ( efgi}lwﬁ)
NAANVUDUNA - — ' ,
a3 VIUDYFADDNNUINNDU  VININFADDNUY
© Normal phase (polar bonded phase) : . !
RIBIENR nou

© Reversed phase (nonpolar bonded phase) :
HRNE!

13
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a15M0819 + 415120819 =

Partition chromatography

Ton-pairing chromatography

' Tetramethyl Perchloric acid,
a A Y v
- myﬁﬁmyﬂjg@qumn\]ﬂuﬂjz@Guaq ammonium chloride,  sodium alkyl
a13dneeasly Mp trioctylamine, sulfonate,

tetrabutyl ammonium  methanesulfonic acid

chloride,

-
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Ion Exchange Chromatography (IEC)

o Y oY v o . oY o A YR
Hanms : uena13A201329, UYszsaagiunini ionic group ¥9InNIABINLN IAA
9 ! g 1 '
90 elute PBANIFINNAITNNYTZIDOUN

SP- Cation exchange resin, Anion exchange resin

d' Yy v J
MP — a13asa18 Buffer NANNVYNUYUNY

e s
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Size exclusion chromatography (SEC)

HanmM9 : LL?JﬂG]ﬁJﬂJ‘LHﬂﬂI’ENT?JLﬁQa
P |
SP — Gllﬂfl!ﬂldﬂg NIU 154 Gel permeation 139 Gel filtration chromatography

?)’ U o a q
MP — Y1 a13azaig Buffer ﬂ3ﬂ1ﬁ$a1ﬂ®uﬂ%ﬂ




Fugnasisznevdunsafszvianduleldde

Y | <& d' Y Y v Y . ti'i <& w A T o anna v v ]
qegsaznmenililof Inlet udINUVINLANIAIY Carrier gas Fuiluunmnos limdgnsennuasaiedis lagas
NaNEnINNUIAeeIAETian Like dissolve like AL Stationary phase

Sample
Gas flow | Injector
regulator ~ port Detector
(_?./ Sl Column
Waste
Oven
Computer/
Carrier gas Data analysis



GC

MP — Inert gas (carrier gas) llﬂﬁiﬂﬁfﬁﬂmwﬂﬁﬁﬁ’mﬂﬁ

SP — 31 2 uuv 1dun
1. Gas-solid chromatography (GSC) 1% Alumina Silica Carbon
SP 11]u Solid active adsorbent 15nannisqadulunisuon MuzAl gas low MW

2. Gas-liquid chromatography (GLC)

I~ ~ A 19 v Jq 9Y Y, L. a Iy, 1 Y, 1 Y,
SP lﬂumﬂﬂlwa’Jﬂlﬂaaﬂﬂgﬂquiuﬂ@auu Gh)"ﬂﬁﬂﬂTﬁ Partition (NANUTSISHINAIDYINNY SP Gl)uﬂ1§'
LT

Liquid 41J1) Non-polar laun Squalene, Polysiloxane mgzmuﬁ —CH, ttag —C H, Dimethylpolysiloxane

Liquid 411 Polar laun PEG (Carbowax), 50 % Phenyl, Trifluoropropyl silicones



GC

Carrier gas

G-Em

uﬁ”’awwau%’g]mﬂmﬁauﬂmﬂumwmﬁﬂ’mmamﬂuunama‘lamﬂmuﬂﬂﬂmﬁw e lig
115990153930 HeulFuna He, N, Ar, H, (MHnNNUSgnToeaiioy 99.995 % High purity grade)

q

Makeup gas- N,
N/ A W ! A Y
** FANNNONIUT IR WNAN Inagin3e3n203al# 1A 30 — 40 mL/min

\/ Y o
% @ ’J‘Lﬂ‘l’iqﬂ%ﬂ‘u Capillary column (Flow 911)
o o ]
** Ml¥i Peak a8
v A ,

unaeuY- O, Air H,

aalnlnsesnsiodnans

J
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(GC Detector I%;-
Thermal conductivity detector (TCD) Jamsulasumalasmsmiioninidousovvaataudauadlil  Nondestructive
L?JuﬁiLIiLIWmllWﬁﬂﬁ} Detector 91 ba Hou % He ﬁJu carrier gas

: c - A Y Y Y v A a 9 3 . .
Flame ionization detector (FID) ey lyun iWnlsnuasay C H Heoy 1% He, N2 (1)U Carrier gas Destructive

o Y A oy AR A .
Electron capture detector (ECD) ”lagmzmmw ﬂﬂmaqamwyjﬁm%um EN atom IHBDINATT Nondestructive

©°

WINHIY Electron haa Heyla dry N2, Ar+ 5 % CH4 131 Carrier

gas
Nitrogen phosphorus or Thermionic Toasyavansilsznen Phosphorous & nitrogen Destructive
detector (NPD or TID)
Atomic Emission Detector (AED) l$1anmMIAeINUNY AED Destructive
Infrared spectrometer (IR) T¥ranmsaeInuAL IR Nondestructive
Mass spectrometer (MS) 1¥1anASAeINUNL MS Destructive




madszgnaliluanime

1. Qualitative analysis
s 2 ¢ A A ¢ o d
UAINSHININGIUIDNANHM
- = . . ::; LY :i a ¢ A o
!‘lr‘%?JTJ!‘YIEﬂJ Retention time ﬂl@ﬂﬁ1§ﬂﬁ%1§]ﬂﬂ Std NANILIUAINTHIAYINU
2. Quantitative analysis
" 3 Taely o i °
HWiUsunaa1ilagly Chromatogram (%A1 Peak height, Peak area 41A11473%)
= $g3%]y Limit test — residual solvent analysis (fai1azaenanmariseasduileunsuvalaluden)
a ¢ v ci T a d . .
= Jipsizriaenii il Chromophore 3A315%1 Alcohol content™, Volatile oils

. ~ ] CYA | d
" wif3anaeuaz Metabolite luuaauriaddimn wu asremassamvaluifaaizdile mifSunaveanssad
A
lyuaen

J
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Planar chromatography

Uﬁﬁﬂqﬁ%@?ﬁﬁ’ﬂlm Stationary phase VHUNUISEY

Stationary phase (SP) A9 AAQLLIUMAUISHUHIOINIUVDINTZATH

UA % = a\

Mobile phase (MP) mmaau‘nwm SP MgusawATiaaTHIoNsAl NG9 auanliAnfezAainNNLIgNEg hin
U§n3ennu SP gaaen (1#dl) dhiuanseildrnmeas "!u'“l*s"lwuausﬂuwy




Paper chromatography

naln Partition
SP ¥-liquid
MP Organic solvents or buffers

. A A
n3zA¥NI04 11U Supporting medium lFvinagngumrinamsnasunvay MP

v

= 9

¥ v ~ A ~
- MNIUUDHATIDHANIN IAADUNT LIUNA

- a1ﬂ§$ﬂ1ﬂﬁu1ﬂ31ﬂdﬂqu1ﬂ!‘ﬁu1$ﬁﬂﬂ1§!!ﬂﬂﬁ1§



TLC

naln Absorption

SP AR IQAU AN Silica gel TAADUVEILYU Backing 130 Plate 91WINNIZN 02giitHeN H30 Waa@n laadItn

31120 Gypsum 1@3UANUITINTIIZINAIQATUND Backing 150 Fluorescent indication (366 nm: IHHQAT IS
= G & o A = a A Q) ¥ T < =

WAT 139 254 nm RUIAMUUNWAVET) dzivse il uiailu 2 vy fe

Tank 14 Development
Normal phase : Polar inorganic e
e ©
TLC Plate Solvent front mponn
Reverse phase : Non-polar g e c ® E%;
(2.3 cm)
MP fe;c c‘;lll:‘:ove * Solvent level
TLC pnte |
Extract or mixtare spotted
v v as a single spot or line
o A% = i Before development After development
Normal phase : Non polar (M3tWNVIMINTS 1Y Ina R, IWNUY) cfore developmen et developmen

Reverse phase : MWL Methanol, ACN, 139 THF (myaat3il#sz1i/Ina R i#in)




HPTLC

naln Absorption
SP,MP 1H3o1 TLC uaidszansmnaniluanu

Lﬂ'd b4 ' Y < '
1. ﬂ"li!!ﬂﬂ‘i]1ﬂﬂ1§1’lﬁ~lﬂ7!13~l1/‘l§‘l%‘l«!i’)ﬂﬂ?l“!ﬁ%!!ﬂﬂi’)‘la!ﬂ"lﬂvlﬂ!ﬂﬂﬂ?n

. g’J Aa q

2. fﬂﬁ!!ﬂﬂ‘i]‘lJﬁﬁ%ﬂ$ﬂ1ﬂﬁuﬂ'j1$fiﬂﬂ§$ﬂ$na1ﬂ1i'J!ﬂﬁ1$°ﬁ
v A Y = Yy |

3. SP undtaanuin ua MP !ﬂ@ﬂl’!ﬂuﬂﬂ

v v ]
4.1% MP Hoain N

5. 1% Autosampler spot ] e

6. 10 UV/Vis snaunurg e 2 L :
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Planar chromatography

Thin-Layer
. o Paper chromatography
msi 1% chromatography HPTLC
(PC)
(TLC)
Qualitative \/(Rf) \/(Rf) \/ (ﬁ UNU Detector)
Quantitative X X \/

\/(Limit test, Spot
Semi-Quantitative \/ ’ \/
intensity)




Chiral chromatography

Yy o .
l9¥3A512¥ @15 Chiral compound

Diastereomers

3 —

Enantiomers Enantiomers

Diastereomers Diastereomers

Enantiomers Enantiomers

SR 5,5

Diastereomers

[R)2=hloro<48)3<lvorobwtans (82 llorno< K-2{lworodutane

H
g
HC lf?' s\
1,E e

H
H | »
H.CoF 5D g enantiomes  FL LA
SN BN
Cl CHj; H;C Cl

(8)-Z-crloro{8)-3-uoroduwane [R)-2<kloro{R)-3{Iwrodutane

55
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E-Em

. 4 :id v Y Q'J
1. Indirect method 1131% Reagent NN Form la anureusTrIIASHV e

2. Direct method

Form wifludni/aend®  aedn
Enantiomer 11

Diastereomer Ua3HeNA e

Column 1nf

ueinlaely Chiral uawAUszIANVe9 Direct  HAMAYITLANVDS
Stationary Phase 1a8 Form Direct

1 reacted NU SP 920003

v

%

dh




1J5219NV09 Direct method Hanms Ugnaen msii 1%
Chiral Stationary phase Chiral recognition udmadszianves 2.1 uamadsznnves 2.1

(Method of choice) ¥oUIV SP 9N tR U1

1.1 Donor acceptor (Pirkle) l4wdn Ton exchange 33NN Hydrogen bonding, 7T — TT arunilsza aﬁq f

type + ion exchange Chiral recognition and dipole stacking
1.2 Helical polymer base mqjamuﬁdmf’fngﬁﬂﬂf]ﬁ%m Primary attractive interaction; HeulynuTunau Preparative
qu‘ljfj Enantiomer A190% inclusion complex also play an

important role

1.3 Chiral cavity phase Enantiomer A190% 1A N1 Formation of inclusion Heul¥ny Aromatic group

- Cyclodextrin A19nUD9egluTe9319 SP complexes in chiral cavity Heul¥uena1snIn Chiral

- Crown ether AU 111H R A9 amino acid, 1505z nefiiny
- Chirobiotic phase Amino group

Heul¥ny Hydrophobic




U521ANU89 Direct
method

1.4 Protein base

1.5 Ligand exchange

columns

2. Chiral mobile phase

additive

laarsadlifly MP e

Unsennufeens 019
Enantiomer %’u"lﬁiw
NS INTON MP

Ugnaen

Hydrophobic and polar
interaction with protein

bound to the SP

Formation of
diastereoisomeric metal
complex with a selector

ligand bound to the SP

ANNBOVVOIAIINY MP

msi 11

71e31%H Chiral

compound a1an

Herul¥HU Amino acid,
Amino alcohol #ta$ Alpha-

hydroxy acid

aineatiea




Polarimetry

ANYINT YU (rotation) EUTVUBULAN Polarized (Plane polarized light)

Monodhramatic light Monodhroratic light Monodhramatic light
not linear potarized inear potarized
7
-~ —_ T qvw&\\\\\\m\\\\\\\\m\\\f
‘; RS RSB
A v
hgh intensity Pobarizer Palarimetry cell with Aralzer Detecne
Bght bub chiral analyte

i.e. Jacmbsen’s ligand
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Optically active substance " & | % )
A v C\ e C\
Chiral substances 1179 Stereoisomers VA Y i Y Z

v 1 A o . . 1 A 3 Y J
AIDYWA1INUAUTUUA Optically active LB Asaazd 11 1in1a sanasys

Q

A ) A o . Y
@1351/52nOUNN Chiral center 32 UI1UIU Stereoisomer IALNgGA 2" vy uazilsznov

9 . _ 1
A28 Enantiomer 2" f

2 3 countercioctwise (1)H
R1 R1 R1 R1
- < f ‘ "o & gl CH
4 “ clockwise B R C= ’
R> R> Rz Ry 2 5 e omy K )
= 1 = 2 (2:"'3

» " R
Allene Spirane 1 A 3 (R)-4-chloropenta-2,3-dien-2-ol
Clockwise = (R)
R configuration S configuration 1
R OH
1 R1
— ’, HO :CHS 4 3
=, PRSI E
"R HC cl J
R2 2 R1 (S)-4-chloropenta-2,3-dien-2-ol C2:H3 S
. Anti-Clockwise = (S)

== AlKylidenecycloalkane ‘

Biphenyl



OH

NH
|

ephedrine




E-mm

Enantiomer
OH
(1R.25)-(—=)-Ephedrine (15,2R)-(+)-Ephedrine
(—)-erythro-Ephedrine (+)-erythro-Ephedrine
NH OH H OH H
| ) N (AN
(R) N . N
ephedrine
Diastereomer OH H
“ (SN
(S) ™~
Racemic mixture/Racemate (15,25)-(+)-Pseudoephedrine (1R,2R)-(—)-Pseudoephedrine
(+)-threo-Ephedrine (=)-threo-Ephedrine

5




Polarimeter

) Automatic Accessory
Polarizer Recognition

Interference Faraday Cell Analyzer

Light Source Switching

Mirror Option \

ﬁ

Light Source

PMT Detector

e P-2000 e

Polarizer Analyzer o iRm
¥} ; 1
Faraday Cell Detector

Photomulitiplier
Tube Detector

Rotating
Analyzer

s 589nM
Tunable Filiter

Degrees Optical
Rotation

1. BASIC POLARIMETRY

- \mear Polarized Light
moved by optically
active component in
the measurement celi

«——sPolarimeter
Sample Cell

Modulator included

on high end modcls\

{.—. Lincar

Polarized Light

Glan Thompson
Fixed Polarizer \

Collimating
Optics o—»

«+——a Non Polarized
Light

Tungsten Halogen
Lamp Producing 365 nm
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! [ a o v
1. ANeINAUUEIVRMEI I WA s BHUUIZU Y Henld Sodium D line (589.3 nm) anduavSuansilsznauing

DI NENTHANA 25 20
la]p or [a]p,
<781> Optical rotation

BHA 15U Digoxin, d-tubercuraine HCI Heialy Mercury green line (564.1 nm)

2. QUHINNIM Il 20 °C ualu USP naz NF Heulyn 25 °C

d' d A a; ] d' Vv w o w d' I = | v d'
3. szgzmafiuaslnarlssnas Ui vasnaeImsa gasvashiiuveuriadrisearsazaeld 1 dm vaza1si
$yuveauaaly 1 mm

where [0] is the specific rotation at wavelength A, t is the
temperature, a is the observed rotation in degrees (°), /is

[ 100a the pathlength in decimeters, and c is the concentration of
[a] — the analyte in g per 100 mL. Thus, [a] is 100 times the
}\ 1 C 4 measured value, in degrees (°), for a solution containing 1 g

in 100 mL, measured in a cell having a pathlength of 1.0
dm under defined conditions of incident wavelength of light
and temperature. For some Pharmacopeial articles, especially
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Javenaawanani Optical rotation

1. AINE1INAHVBY Plane polarized light
Yy v

2. ANUVNVUYRITITAZAE

3. fmazang

4. QMUY

5. 19
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matszanaly

a Qd 1A A ¢ A
1%11!\‘]11! Identification ﬁ%ﬂﬂﬂﬁ@ﬂﬂ?1ﬂﬂﬁgﬂﬁ (Qualitative) Ulllufﬂ»l?!ﬂ‘ﬂg‘i"i!”lﬁ
Usana (Quantitative)




Spectroscopy G-
1 M¥aauuaarisonaumsimaninih -

& A A
iunadaninevesnums

190 to 380 nm
Region Type of quantum transition ..
ype 02 4 Visible 380 to 780 nm
Gamma Nuclear
Near-IR 780 to 3000 nm
rays
IR 2.5 to 40 llm or 4000 to 250 cm-1
X rays Inner electrons
i , resvenen o) QI O € €T O X @
UV-visible Bonding electrons $x0
I N WAV VYT
Infrared Rotation/Vibration of molecules F0iy ﬁj s (.3(:} & e e
Suldings HMumans HMHoney Bee  Pinpoint FProtorocans Molecults Atoms Azomc Nuched
Microwave ESR Frequency (Hz) : : , p—
1 108 10'2 10'S 106 10'8 100
Lab Use ~ :;; i_‘ea:. ;R ;JV-Vis X-Ray
. SEncuc peciroscepy sectroscany Spectroscop
Radlo NMR Electronic Resoqence I | ’
Tiausition Excite Vibrational Dislodge
Cr Molecular AMotion f2otions of Molecules Electrons

Excite Nucleus Excite Electrons from
Yo higher spin state HCMN.O to LUMO
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Ultraviolet (V) uag visible (vis) spectrophotometry waneis N1539N15ANaURaN1UTIaY83a13 (absorbing species)

UV-VIS Spectrophotometer

Nann1s

ATUBTIAAUTILAY (UsEnauyinULETANNEIAG ALY = monochromatic lisht) wazuiuauludienueninguvey UV

(200-400 nm) waz vis (400-750 nm) 181 electromagnetic spectrum  vidsswfignaAnduilazliiiiansiia electronic transi-

tions ¥e1 valence electron luiiugiaiivedliiana u AnsilSinamomd Ui sy UANILA AT EHIN
susumwaInulu ground waw excited states ﬁ’aﬁ’unﬁ@ﬂﬂﬁuwﬁmwaa ahsorbing species 4 %zLﬁﬂﬁuﬁﬂawuswaﬂﬁuﬂéuﬁﬁe
Lmu;u“l,u‘i:thqﬂmmmﬂé;u N13iAa electronic transitions u#uﬁ*wmauuummﬁmaaﬁtanmaﬂuﬁ'vﬁzdw‘] Fedmiut
auempauutuasin 6 — o T — T* way n —> TT* transitions é’aﬁugﬂuuw‘%’aé’wmmmms transition 9 3uiu
lAssasnavnawmiieesans leniaiia G —> G* transitions ﬂ::éfaﬂ"ffwé'amugﬁw:ﬂw‘lu‘mnmsﬂszﬂauguﬁ'ﬁzaﬂuﬂnﬁuuaﬂu*zha
vacuum wv (5091 200 nm) @ T —> T waz n —> T transitions azvuluansusznevliifushddnvarlasadned

chromophores fiannsnganaunadld wu
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Extinction coefficient € (L mol™ cm™)

)\max

. uv VIS
A s B AR ' 1 y 1 |
50000 - &1 1.7 T
B ;
B b R . \3\\ n - 1" (conjugated T-system)
) 4 o ’ "
40000 - ; ‘@K T = " (conjugated m-system) -system)
e n . !
Sl o
30000 - €Ef Whatadaalodocy o,
— Rk '
R
20000 A i G
o - — : —
200nm 400nm 800nm
10000 - g -1 =
20000cm 25000cm 12500cm
L Source: Chapter 2 - Interaction of Matter and Electromagnetic Radiation (https://doi.org/10.1016/B978-0-444-63422-
0 - I 1.00002-X)

470 480 490 500 510 520 530
Wavelength (nm) H (o] H
C—C , C=C ., a|:-° . —é—OH . (lE__\z

dwmiuasUsenauid conjugated chromophores Q:ﬂ_ﬂnﬁuuan’:ﬁﬂuaﬂﬁ5*.5*1‘&‘1‘:0'5‘111‘311 non-conjugated chromophore
ITITAITUUANAIIVD NS INULY ground uaT excited states ITUILNIININ non-conjugated chromophores Tuvnrdadd
conjugation Lﬁm’gua‘l'nnn‘-az'lﬁ'a'ﬁﬁqan'a'uuaﬂuti‘u visible 1laduasid uan‘»:'mﬁ.:uué":n‘lsazqanﬁuuaﬁ":ﬂ‘nuannguiﬂﬁ’e‘fuﬁu
anﬁdzﬁvnaﬁaﬁa1s&uaxaﬁaaé F19719v AR bathochromic w38 hypsochromic shifts uar hyperchromic %W3ia hypochromic
effects 1o

AIRANTUNI N UTDIITUBN NN LAVE DwaIAINEMATULT? AdufgrtanuE oo utuvanamIandinuvanga

- W
- -

NAUMY lATAIUTNTDILEIVQNAANT UITTUN VUL IUUT DA T NTUYDN absorbing species (medium)  MidaTwuinA sy
VOWAIVANNTTNUNINNTIAINNTUVDIRAIVIZ LD DINUIIIN absorbing medium
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Unsaturated linkages or functional groups that usually absorb in UV-visible region

Chromophore

1 Isolated chromophores e.g. C=C C=0 N=N

2. Conjugated chromophores e.g. C=C-C=C C=C-C=0 © @
3.Aromatic compound e.g. benzene pyridine N/
Auxochrome

Functional groups that have non-bonded valence electrons and not absorb at 1 more that

220 nm eg. OH, NH,, Cl,




E-mm

High radiant Lower radiant

A ALt B ATANNSEY (inddent iht) power, P, power, P
P - P P = FviisaATsuaann (transmitted lght) > =

B e ——

b

Absorbing Medium . . . .
MNMANNsHA YT LINY2E3 1A \nao Ae BeerLambert law #3081770 “Wl0 LA LATILETIARUALA LI D

monochromatic light V3HaAMHYaMTAAANTURL AUSLUY exponential AUAYAMIILALAI LYY absorbing

medium” fwaadlluaumsii (10, (2) (3) uaz (@)

Lambert law logP /P =K'b (1)
Beer law logP /P =K' (2)
Beer-Lambert law logP /P =Kbe (3)
WiD A =Kbe (4)
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L AT T AN TEMULAL AT B AT UBEAN A absorbing medium ATy E;
K' = fpdi

b = ATWMNYEY absorbing medium Aaeslody )

ppppppppppppppp

¢ = rmududins absorbing medium (foraidu % wh, ndAn ia ki) > || | |==>

K = fasfivasnsiuihasaaamesiauenaimany aae K sdufumngess ¢ —
i) mcdu%wh M K azdu specific absorbance
i) Mcdunifes W K audu absorptity (2

li) f it TvaiAms B K gty molar absorptivty (€)
R ———————

VOV UNN 14BN 565-322 Pharmaceutical Analysis Laboratory Instrument Analysis First Edition




) = e =y -ty i - it

igh radiant
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aummna'nmu ﬁmmmlmrmmmﬂaaﬁﬂﬂ oAy et A

nm) i uu i et A
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| DELECLOr |mm—l il —
processing

Light source Monochrometer Sample cell Autput

® Deuterium lamp 1. @unszAeuaslu ® 9in quartz 39 ® Photomultiplier tube, PMT
190-350 nm (UV) ANEIAAULEN silica TglAT 1LY Iaseildfazanuenadu

® (Quartz halogen, 99NYINAY - prism, UV gy Vis ® Photodiode arrays, PDA 3ias1zla
tungsten lamp grating ® %ia UM I wanemuemaduluafieiy
350-900 nm (Vis) || 2. d@ufndenuad - slit wanadin lauAda Vis |

UV/visible spectrophotometer Lijaaantdu 2 JsgLam

» Slnglg beam instrument: laifin1suusauas Avsaduinel A ves
@15971994 WasaNsFIngNa mﬁJ']uﬂU’JﬂﬂTiﬂﬂﬂaUﬂTlﬂJEJ’l’JﬂaULﬂEJ’)

® Double beam instrument: nﬂu,mamaol,ﬂu 2 drulny beam
splitter deuenliuasiiuassnsds wazansdnegie Seiana 2
wiaunula

—absorbanoe-a
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Alma)=25S




Mirror

D, lamp | Tungstenlamp Reference
Mirrc% E Photo diode
b Data readout
3
Data _g
Processing 3
<V
Wavelength (nm)
-~
) i - Photo diode
Beam
litter Sample
Monochromator SP




L1

® wqamanaﬂwm vuyilanduuniin wigaslaseasiavesans

IANUIINIZLNEIUDY mL{‘Jumaamﬁmsau‘l,umswaamanaﬂwmswma

® nsfigatlendnual 'mima'mmsmmnauuawmmsmama fuaisuInsgIuiianiizideniu wazin
aLﬂnmuﬁ‘lmma‘unwauamaamsmmmuﬁl‘umam

® NstigualUnNmTu WR1SNN aﬂwmugﬂswwmawﬂm%’u Anax WBE €,

]

L

D
D
a
]

=
1. @i UTunuvesasiagn
¢ Jaseiviunalay
wixngivansinsaanausatlidsundamunsmiiveinneg lWaunsaniaisunsgiula vve

a@13851Aune 1ag AN absorptivity 1MW WIALAFUAI5SU
o 3msnv1ﬁ|,%aﬂ%mmiﬂah
Wunsinansiegraiiguivansazangninsgiu Imamanwmmwmummqmmm
C. = (C, x AJ/A, dle s wuneda sample Wag r e reference
° ﬁmswmmu“immima_ |
TansiegnaiisuiuasuInsgIu wien STD Sol 4-5 conc. TAsauAqu conc. Aiaula dildin
1 absorbance @319N3MUINTFIUIENIN conc. Uag A1 A dIUAIANUTUITULAAITT A NIAUENIATU
#ld 1 conc. vosivgINMIuNuAluanmMsdunsmseldan A nnsmanassruunuluaunsides
® AT RIIUIUUlAY
Lflumsi’ﬂmsc?f'aaehaﬁﬁm'sﬁuﬂuagj Heuldiumsdmseiguiuvenion
VinlagiRuansuinssiu conc. #1399 asluasiiegnedl conc. W@l uhluTaA absorbance
WATEIIINTINUINTFIU yadudureiasietislngainnsmidauLLny x mmmﬂammwmumaa
a1563eE19 WamuIMINauNsdunse Tnsunus y=0 mdld fe conc. vesasiianay

UVDVUDUAN !‘H’t’)ﬁﬁnﬂ!i’)ﬂﬁ'l‘iﬂ?ﬂ»l.!‘lfﬂfl“l?‘m




2.

Bl 1dVIdUU IN VIJUTI TS dbKU THIBINIT 1dBbIKVIIN bVIOUBRFVIKIT 1 Y—U THIVIBYI TIU VUL, UUNBI 14 T7IVIVIBEIU

359 msqvwmﬂ‘%u'\mﬂaaminau wuadu 4 nsel

A

B

msmaaa umvaamiﬂﬂnauLtaeﬂuaumemmmfmau
LYNIATIEA IﬂEJ'd'i']xiﬂ'i']wu']GI'S%’]U‘U@GG’]SLWIauGI’JVl }\max maamsmaaa wagin

AINNTAANGULENYBIAN TaTAUATHANT A, T vlaapsmmeIAaY uduiisuliy
nsww:mmgm

memsmnawmms 1 sumumsmnauuam A, 999815 2 lagfinns
mnauuam A, v99815 1 'lugnsumu

Tasy ansmzumaqmswmmmaﬂaulugnsumunau Tagaransmunnssui
AUENATUIY LmeUimmmmsww“lﬁlﬂLmum'luaumswasamaamms
aandulasinueIAdy 2

mamsmnauu,awaamsmaaasvmumsmnauuam A, Fsdunaziu
‘mewvwﬂ%mmaaaﬁiﬂa’l*uaumwma*uu

M b

mamsmnawuaamsmaamm’lnanumn SUNIUNSAANALUAITITLULATY
launsnanedulails feninisuenarsesnsiniu Wy nisadn nsazans
Bmamalasnlansil ma’l%msmaqwuﬁmamu ietel¥nsnandunaues
ansiaeuneennutaauiiy

YDVBUNA 1140410 INONAIAIN.ITerdl vad




IR

a\ d' a\ a d ] d Q'J g.ll ] d'i a Y = -1
matantenlrlumsdnnsimnnylanduvesasiivg Jagmsiunauuaduns1sar33nNa 4000 - 650 cm™ T
§9a196020819N1MBIM3

Y d' Y v w d Y d' A d‘l Yy Y U ]
arlnaSunlaszuaasesninlugianuduiiussznienudvsenueINAY A2 % ANMYNTIUVDIMAITOINIY
LY A U Ly v
(% Transmittance, %T) BFIM M UAMOATIUITZHINIANNANVDINAUUTINHIHEITAIDLINVANNVNVDISIAN

ANNIZNUAI5AIDEN

U

% ANNUNUTINTDINIU (%T) = (ANMANUBISFIFNHNIUTITAIVL1Y AMVNVDISIANANNTTNUA1TAIBE) X

100

® PIFHUANNISLNLINVUNISEU (Vibration) waslutana

- u.lEm')aenq'lﬂ'SUﬂausaﬁauwﬂL‘sﬂmuﬁqqmaﬂsanuﬂ':ﬁmmﬂaanﬁsnﬁﬁauwaawuﬁ.ﬁ;ﬂaﬁLauﬂuiumﬂamaaaﬂ's -

* - %usnﬂnﬂsau%aﬂul.ana — > Wl iAsn s dsundaslawuudaasa (dipole moment) ‘UE)GISJL'EIFIEI —> AL
T:JLaﬂa;nﬁnﬂsﬂﬂnauuaa —> JaunaedAdesitusanun wamnanaru w

- anwﬁuvaLUﬂmsunﬁsmmnauuaa"uaaaﬂsumauﬁuﬂavuﬂmauumLQWﬁvIuLanaﬂaaaﬁ's JeawsageanNTF UL

auﬂ"lL'Sﬂ‘Lﬁﬂﬂ'J"lilﬂ‘nLLmﬂG\ﬂQﬂu

® 1 Ae e lEaBs B uNas W impurity La AunIw wu Taseadna maiWarigu

Nnear infrared

0.8-2.5 pm ¥38 12,500-4,000 cm™?

infrared region

2.5-15 pm ¥3se 4,000-666 cm™!

far infrared

15-200 pm Y38 666-50 cm™!
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$2349 infrared region L ug29Ad w1 Td e IR
spectroscopy tuuvialy
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TR ARNLINA DI T IRTIII G IGNUOY YU D YWY I NTTWWUWRITIPIY 110 IWNDIYWI NI 1001 WRITIgIY

sp_ggrum AN50M amiﬂ 0 Immﬂuﬂmé’uﬁuﬁ‘izm amail 58 Wave Number (uay x) i
o Otransmittance (%T) Y50 iy
¢ Absorbance (A)

D-GLUCOSE

Percent transmission spectrum Absorbance Spectrum INFRARED SPECTRUM
: — |
3 v | [ \ | |
AV MENHENS 08 o
I y w | [ “ \
U I u
oy dd mummudmmmmu 2 o6l AL
ANNVMIEITIAY S L0 TR
AT = i il
/. LI
2 04f | |
q r '\‘
- |
ool I
02r ' ‘
| I
....... T T VYT WO T T Y TS S W SN AT T WU (N SN Y Y W
3000 2000 1000

Wavenumber (cm-1)
NIST Chemistry WebBook (http://webbook.nist.gov/chemistry)

Wavelength ( or frequency ) Wavelength ( or frequency )

= a
VDV U !M@T‘i1%1ﬂ!’t’)ﬂﬁ1§ﬂTlll.l%ﬂxﬂﬂﬂj



wiadu 2 wuu Ae LuUNsEA (Dispersive) UWaglwuy Fourier transform Fafidauusenaunane Al

: reference cell

IR source

(
&=

e

Moving mirror

WUV Fourier transform

A
4~ )

sample cell

recorder

WU Dispersive

recorder

1. WURAINLUALES

Nernst filaments (ZrO,,ThO,,CeQ,), Globar (Si Carbide), anillasu
**uyy dispersive auaszienilu 2 Meiumegay ref

2. 1YaanI9814

dwmsuldmagnaneiiasey vinnindevaualas (NaCl, KBr, LiF, AgCl) lusdla Ll
AANAUTIE IR Fradennusiegn (Aestesiululvgnun)

3. Monochromater

@onAueAay Uauly grating LWsg resolution > prism
»*IANITUUY dispersive, WUU fourier 9wty interferometer

4, Detector

WasuanuinvesSadnnumedns Wudyanaluin

P o~ e
5. HAIDIUUNN

Juiindanufioanu1ain detector eanuilu spectrum (Heuuanaiu %T)
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A29819E0TULHNE

U539910819953Ua"8stopcockDad Ao WLissuUaINA MaENLANNaLIIE IR H1uNaCl window

ADE19ENIUL VD IR

- nsflveaviamin wisulaeniluiauuneg vu window WaIUsENUMIEY window BALNY
- nsiduansavane awanmegnsadly window Evareviin 1 Sealed cells, Demountable cells,
Variable thickness cells)

A198 1980 UZ VDI

- Mull technique unfae13 2-3 mg lulnss mem Nujol (Mineral oil for IR) 1-2 %ign unuduilawiieaiu
illdlu window wiUseaume window 8ny
**Nujol 9 IR 91 3000-2800 cm?, 1460 cm™ gatunany, 720 cm™ aniae
“**ynlalagly Fluorolube (4000-1330 cm™) |

- KBr - pellet technique unkausI9813 1-2 mg + &N KBr 200 mg (1-2%) Tulnse thunendaiiuse 10-
15 6iu 3-4 Ui uanihanlasigna (Holder)

" ' P
A19819E0 UL VDINILYY

- ns@luniinuin Tewada thin film 1agly Demountable cells
- pstniaunn lewalla Mull technique
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NIR

< ] ﬂ' v Y U ] IS B % % = YY) d' o!/ U
gﬂumswmmmam‘luma NIR ‘lﬂmmimama‘nmmmﬁ mmmmumummanuﬂnmmmmmmu“luwuﬁz

Taranavesas MlAluanavodilo8199aNaUNAINY HAUDAMTEY

Y Y dd' = LY v o % 1
annsedalSmnadsangnaanauadagainsaasioianasnumlavaslszan wu
1. A5993AANMNUNUAITDINIUAIBE (Transmittance)

g 4 Y U oY U
2. MIIAANUVNUITSNOUNAVNINNAIBEN (Reflectance)

3. malalfsmnanasnasswiuileddliannsznuingeiuriauaiazNounduan (Transflectance)

v d' v o R . v v ] % Y % % 4 o
4. msmuaamanmfﬂmgmumm (Fiber optic probe) "l‘IJEJ\WI3i’)ﬂN!m’Jﬁ%ﬂﬂﬂﬂﬁﬂﬂﬂﬁﬂ!!ﬂ?unlﬁﬂ

(Interactance)

J



Near Infrared Spectroscopy, NIR

® A1 nam 119298 UNI LA NIaliavAdUY 12,500 — 4000 cm L (near Tufitvuieds arudvesnaslugia
Fanam Aeuluma visible light)

® wng]\m mmmuuaﬁuma Near IR f&nwausiduiiafiniig (mauawaqmsﬂmauuaa (absorption band))
Luawmwmaamsﬂmﬂammmmﬂausmﬂu inlaansuiildsndonisiasisi

® 'IuLaﬂama@mmmawﬂnumummamwsalumsmﬂﬂauuaqwmmmaﬂaummu m’lﬁal,ﬂﬂmuﬁshmu

o uannislaealuazad efu IR wi NIR 9 wulﬂwn )LUHULJLLJEN YDINUSLILHIN9 C-H, N-H, O-H

® amsummﬂmmw LYU ‘Lumswaamaﬂaﬂwm warn1sUItansusenaudunadle oy msﬁa% DAY UL
Qzumwmaa'mqmiumammmm a13LAdl

® JATILMBIVININU DIAUIENBURANY VBIEITIUNTE Laeaunsniasizumagnulaluseau ppm

UANN1S unaaniinaau NIR
1. Imdulugu NIR desludadiaegng
2. mﬂmsﬂmnauuaa LLa'Jumsuﬂaauuﬂawaawuﬁv
3. mamﬂﬂauuaqﬁlummnau FedoamueanuIdie Detector
q. UsvmawaLiJummsmnauLLm (whu y) Tala 2 wuu waad nsulanneng
- mmmmmmmu Y (Transmittance) '
- ANULLEITIaEaUaani (Reflectance)
ﬁmwumfmguﬁi’mq (LU x)
5. iaduaanuiifidnvasianzimluudasfeg it in e FEUUDUFY YN
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Absorbance

06

05
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03

0.2

0.1

0
1

1.05

095

085 -

0.75 4

0.65

0.55

045 1

(a)

Moisture (1920 - 1940 nm)

X

Protein (2148 - 2200 nm)

Moisture (1440 - 1470 nm)

N

100 1300 1500 1700 1900 2100 2300 2500

(b) Moisture (1920 - 1940 nm)

Moisture (1440 - 1470 nm)

N\

Protein (2148 - 2200 nm)

035 +

1100 1300 1500 1700 1900 2100 2300 2500

Wavelength (nm)




tadeniiwane NIR spectrum

U = <;
1. ﬂlu1ﬂ®1§ﬂ1ﬂﬂlﬂﬂﬁ1ﬁﬂﬂﬂﬂ'ﬁ 51611u1ﬂ!ﬁﬂﬁ1ﬂ1§@ﬂﬂﬂﬂ!!ﬁﬂﬂ$ﬂ1

% an d' Y Y ] o Y]
2. 9N mqmﬂgwﬂmﬂaﬂmgﬂmm%mwaﬂammsmuﬂwmaumﬁ‘lﬂ

9
Ay A Y A
3. AUV Y 91AINTFUII ANIIAANAHUAIVSEH

4. MFUZVI5Y NANIPNOAHUIUMTUTVITIVNN AP MMIGANAUNT DA




Raman spectroscopy

HanMIN19UUYDI Raman A mﬂmauuaa‘lumammﬂauﬂsumm 4000 — 100 cm™ 1 lilaTngAuA 0814 1ae
1Jnﬂiwanamaamimmamaﬂﬂ:io,ﬂ?uwmamﬁm mamauummnﬂimwimanammms mamsnszauluana
maammu“!ﬁ‘lﬂasi“!uam’swwmwmamawu uaz ‘nﬂﬁamwmmmimanmﬂaﬂu"lﬂ“lmwmn mﬁﬁmmmimana
zmimaﬂaeummﬁwmﬂmm ﬂaumzwa“lmﬂ“!uamauﬂﬂﬂmauwmammnm WlTiRAMInIZB e tan

wamawmammammﬂnﬂammmﬂﬂﬂﬁqfnUmimaﬂaﬂnwmammammﬂnﬂauuﬁmﬂﬁwamaa NNIVY
lﬁﬂﬂ’ﬂ Raman shift “Ifﬂﬂ"lﬁfi]”!ﬂﬂ Raman Shift "lﬂﬂ‘l!‘l! "ll‘l!ﬂ‘]J’J"IiﬁJ!ﬁﬂaﬁllﬂx‘iﬁﬁﬂﬂﬂﬁ“’ﬂ‘M‘ﬁﬁi’)i‘ﬂﬂ? ‘lﬂﬂﬁﬂﬂu’ﬂﬂuﬂ
Tviu ﬂﬂwanammmﬁ"lmmmmnniwvmua’amﬂmmmu‘nfl‘ﬁaﬂww’mmimaﬂaumﬂaﬂmgﬂm"lﬂ"lmm NaY
INANINIZAWAWUY Inelastic process Tade9il#na Raman shift wazuaauilufinadnnSuves Raman aely)




Raman Spectroscopy
o Jumaluladna vibrational spectroscopy
® PAYNANNITNTLIIVIIVDIDYNIALAN mawnuimanaeuaams (ASNSLAFILAILUY raman)
o asuriarwinezdouauivesamdnisaldunnaeiy warlianudueuaiinsySeeanulal
Wiy m’lﬂﬁnwﬂmaas'\wmmﬂﬂ
® Raman shift A9 & YDIAIUD d.m NNFENU NUAY' Uu DN 3‘mﬂmu AUNUAY JlejH‘j
é’:‘uaawuﬁs’l,uiw,aqa mﬂlﬂmn R
1% laser AnuemMARUNi ATl mnﬂmmmimmalﬂu
: aummmmmwmmmﬂﬂ
- auﬂ'muaamaaauwuumﬂumaﬂaﬁuaqmﬁ wdasuiimmalunis
O MIYULUVBANEY L58N Rayleigh scattering @IUNINNAILYDILEINAINT Uuavlmﬂaauwad
o ms?jmmulumwm 380 Raman scattering IABNAINUYBILAIWHINTIUILIU JLANUDE NG
u,anLﬂaauwamumﬂuLaﬂamaams Lasenatia Ny mauaaaaﬁlﬂ
" Stokes raman scattering i uaqmuiuuaﬂaamaku
(lyainduil N msmu’lwmmaq‘luama i)
" Anti-stokes raman scattering fio k@ yulanaluanIENILAY |

A \nn Stokes Raman scattering
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Raman intensity (a.u.)

3000 A

2000 -

1000 -

citric acid aqueous solution

citric acid solid

400

T
600

L) l A

) Ll l A

T T
1000 1200 1400 1600 1800

Raman shift (cm™)
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1%)4n15 Iden @31 NIR a2 Raman 11590532 1008195A15 a2 a 10159
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NMR : Hianms

B t A 4' v a Y A U g’J d! Y v < K a =
NMR lvveyaineinustiaveseznoumazazaail napaanuazaaniiug seaiulvaezilumsdnmntivnaea
w09 Hydrogen atom N30 "H-NMR tazmsaneveatunaeaved Carbon atom Nisend *C-NMR

. ﬂ18111!‘1n!ﬂﬁﬂﬁﬂl@ﬁﬂuﬂﬂuﬂuﬂiuﬂﬂﬂﬂﬂﬂ Proton iﬂﬂ Proton mmmuumﬁﬁumauuamaﬂf;mmﬂﬂﬂ uauma
“laamwmman (B ) ﬂlﬂﬂ ‘nflmﬂﬂ Nuclear magnetic moment (u.) !mum?ﬂﬁ “ﬂaummmm” mmn tmmn
ul‘lJ i]w‘nﬂ?‘i Proton !ﬂﬂ Resonance aam'a 13J1‘i€13ﬂ@9ﬂ311‘1ﬂ!ﬂu Chemical shift

- A Y 1, = A A A v
Solvent ¥0glu31l Deuterated solvent 154 *H, #1309 D, %39 CDCL,, %39 CD,OD I2aaM33UNIUH ey 104U
TPLIN
" ea1anesagluzil Solution

té Y A . Cé < o ] d v
" Reference standard N1¥Aa TMS (Tetramethylsilane) mmmﬂumzmmgﬁuﬂ (Mark a zero) Uua 1nasu




NMR

mnsavenlnsda3ala msinllyeinldflunia Qualitative analysis Ao Identification (N51V3 11U

CH)

NMR Spectrum #HH X A® Chemical shift (ppm) qIUUNU y A9 Intensity

Image adapted from https://sdbs.db.aist.go.jp H-1 NMR spectrum of butanone a (3)
(National Institute of Advanced Industrial
/P Science and Technology) CH3— C— c:|-|2—(:|-|3
Il
= (proton ratio)
& a b c 1:2:1 triplet
z 14 proton shift ppm 2,14 2.45 1.06 (3)¢ CH,
E splits
™ CH,4
low
(2) @) (3)  resolution
A pccim 1:3:3:1 quartet I\T/I
CH, (2)b
wl I | | spliis S
3.0 20 a4 0.0 CH, I'
H-1 NMR chemical shift ppm |
L L L L L L L B e e e
11 10 9 8 7 6 S 4 3 2 1 0

Image adapted from https://sdbs.db.aist.go.jp C
(National Institute of Advanced Industrial 36.9
/P Science and Technology) :
E 7.9
@ .
> C-13 NMR spectrum of butanone
a
E CH;— ﬁ— CHy—CH; 29.4
2 a d
209.3 b ¢ T
29.4 209.3 36.9 7.9 M
13c chemical shift ppm S
C-13 NMR chemical shift ppm |
L DL L L L | I |
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Atomic spectroscopy
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