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SRR WHA NS SIS 2y AU Jpoer

Reagent detected

Colour of spots

Component

Iodine vapour

2,7-Fluorescein
Ninhydrin

2,4 DNP

Antimony chlorides

Bromophenol blue or bromocresol green
Diphenylcarbazide

Brown

Yellow—green
Pink—purple
Orange-red
Various
Characteristic
Yellow
Various
Characteristic

General organic
Unsaturated compounds
Most organic compounds
Amino acids and amines
Ketones and aldehydes
Steroids, alicyclic
Vitamins and carotenoids
Carboxylic spots

Metals
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1S5 e Jod 9 oSl 33,01 g Juad U 065 Y Gy A OMaiiy A, B lsSall ol Jasdls
Lo )3 ddadll 1335 03 Vol (((ahad a2 ) LSl Juaddl o 0L W3y ax)udl) gl plas 1 lxls

(| CH,Cly) Olisedl y9lS (3LS dlawlgy
Ao AalSl Jl8 il o ( slo) dgedatll lodag (ghd pb 2ymiall jsb g ghd oSLal skl OIS 13)
ISl plye gilag, S

Refractive Viscosity, Boiling Polarity Eluent
Solvent Index® cPr Point, °C Index, P Strength,< ¢
Fluoroalkanes® 127-1.29 04-26 50-174 <=2 -0.25
Cyclohexane 1423 0.90 81 0.4 -0.2
n-Hexane 1.372 0.30 69 0.1 0.01
|-Chlorobutane 1.400 042 78 1.0 0.26
Carbon tetrachloride 1.457 0.90 77 1.6 0.18
i-Propyl ether 1.365 0.38 68 24 0.28
Toluene 1.494 0.55 110 24 0.29
Diethyl ether 1.350 0.24 35 28 0.38
Tetrahydrofuran 1.405 046 66 40 0.57
Chloroform 1.443 0.53 61 4.1 040
Ethanol 1.359 1.08 78 43 0.88
Ethyl acetate 1.370 043 77 44 0.58
Dioxane 1.420 1.2 101 48 0.56
Methanol 1.326 0.54 65 5.1 0.95
Acetonitrile 1.341 0.34 82 58 0.65
Nitromethane 1.380 0.61 101 6.0 0.64
Ethylene glycol 1.431 16.5 182 69 L11
Water 1.333 0.89 100 10.2 Large
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LC-MS 3 GC-MS : 4Ll ddldaay 4 jikal) L) & gila g S

332 3 0Y QLS Judoatdl § @il yol AsSTI Adlidae o (3152 95L0g, ST Jaadl oS geos O
LlesS OLSHall Judosd (3 ©loaill o el 1o Oles Jasud Casme dads JSI d00,4)1 @olyaall
> Pgudly Gl Jaedl (o Budadll Olwall § Bole o9 gall & gunall pbg & gaanlly & guodll
5 GC-MS-MS; GC-MS : lgis diSIl ddlbasy LAkl L2 g3log S 5342l (o Bie §lgil dgs
LC-MS-MSs LC-MS

: GC-MS ALl ddldasy 45 yial) Jladl Lél e slay S
- dadia

383 (GC-MS) ALSI ddldany & iaall HUl Ldle silag,S jlaz abawlgs dulilont)] eleasSIl i
i g I ddladl 4B Lghiadl 9 ALl 8321 WoaxT e Sleadl 1A day 5 Jdlodl plle (§ Al
Ergoedl 3STye alame die gl Y s ¢ Juloetll Yo guazr (3 Bgope BlSa Jizey 6 1y ¢ A5L)
dansall plall o dodadl J1 d3Lo) 9 Slidatuedl g dxellall Oilasla! 3

o235 (MS) AlSH Cagls 5 (GC) S Ldly 5log,S (Silezr Lbe o (GC-MS) Sleand! Lid gazmy
MYl e JSlie de sl Sl a8 cpalisee iy o Oy cpilead! cpdla o
Colex om Jwal (transfert line) J8WI Jasdl Bl iy (interface)  dSliw duogy d8LsL
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Jelall Jlalh il sas 54 Mass spectromettry 3 GC 2 Giallsaay 1
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 OMogll 2dd Jesd Gy o $lgil Bue drgy Cu

e 0050 (3> dyaidl 8ol 065 Ledis pusvis [ sdilzall Zlaady) dlay (g
Sl &uall e JS U35 ¢ dadull o 3-1 o b buwlio Jalsdl 51 0Ll
J933 0 &l Jdaay Clidaall 2yl Joloell jladl ads @iy G il A3y2 U1 s Jolxll
J e85 GCler oo Al Liuall SUsSe S oy Aol 2 jas g il

- Obats 5l glub 095 WSV &bl

Fig : Direct capillary infusion

Je Oogll (pa Eodll 1da plasuiwl deiay Ak damd e A ALY A (b
IS 5o MS cpldl 43,2 1 GC jlez gaall opo Jalodl Sl g diall Hliw jgpe (ulusl
dopw 3 doidll 2o e Lall 22 H9ye DS (09 ¢ dBud 9 M Spdue dxid
G ¢ 63| Aiggall doidll ) J55 o8 A yie dibaie SIS (po yai) Al § iy 32
DB ok (He,H2,N2) i)l daas doldl Wil ds U g opldl &8, I Juas
351 Asdl) 1 b O ) s biols5 o)1 3 ST Bigall lizsor o) 5 38 ye Aakaie
 Blonal BaaeY Al (§ plasiwdl Baug stiad o)l o goill g lymil 095

Molecular (Ryhage) jet Separator
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daliseadl L gl J58 yo 48,485 (90 Wl y= 520 lazg Oliadsg d il jouae e Buglly
BNl Judox 9 Juadl a9 ) lgYl ads Juomad 9 &1l o3

D diadl) 5 Juadll Baag -5

&> (M/e) & @ BT julud e il ddos oo A3l DUl bglse Juad oy U 5

dz)d de Sl Jraddl ddas 0985 O ez 9 84> e JS @l ada Jixud 9 duoy (o oS
9 b (@ dalises dabil Bus uzgig o &l JiSU) D> (§ dols g ] 9 BUI e Al
5l 3L DUl Juad ol zoasall (51 SN pluseindy Glgdl huad Jio DUgVl Judos
dapyl e Ul Jlrall plasiinl GLeY! badll o (qudblise Jlxe (3 Ugl Byl ol (g 511

e guds ASYI 9o 23Vl dag ¢ Aty 548 olladl

1 (GC-MS) Skl ule Juaadiall gilidl) J<&

o Gld g (WUl 8uelB) 5gamaSdl plusuiwly Bpuwdl ok 9 ASU b e duazs Llgdl 3

Of Cou des @iy G Ao Julod QBgybs wie Sy JSI el e @) Judd 3929 &b

G OUSpell JSG Lgiylaag (WILEY 9 NIST @bl 8aeld) 4uSall (3 83929l UL ¢ Syall

I Glgdl § duad $5led! e O350 29290 SIS o o) g Bogzrgall 9 (Gasardl i)l il )
LS (23085 S g dgall (§ 8352900 OUSyall o By

Jaloill (39,01 gl bog il il G (GC-MS) e laninsl bglial LgiliaS g cilSyall d8yaa) & Jlia

r Y8

GC-MS Conditions
Column DB-5MS (Agilent)

30m x 0.25 mm x 0.25 ym
Carrier gas Helium
Column flow 1.0 mL/min
Injection mode Splitless mode (1 pL)
Oven temp. 70 °C (2 min) 20 °C/min, 230 °C
Injector temp. 280°C
Interface temp. 280°C
lon source temp. 230 °C
lonization energy 70 eV (El)

P QW e 53leg SUN e Ly
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Abstract:

This course publication provides students with a wide range of techniques used to
determine the chemical composition of materials, analyze their physical and chemical
properties, and estimate the concentration of elements or compounds present in a sample. It
targets chemical engineering students, particularly first-year Master's students.

This course publication is divided into three chapters, each divided into three main
sections.

The first chapter provides students with a comprehensive overview of separation-based
analytical techniques. It contains general and specific information on chromatographic
methods of all types, their classic and modern instruments, particularly chromatography
coupled with mass spectrometry (LC/SM) and GC/SM), as well as their application and uses.

The second chapter provides detailed explanations of atomic spectroscopy techniques,
including flame atomic absorption spectroscopy (AAS), flame atomic emission spectroscopy
(AES), and finally X-ray atomic fluorescence spectroscopy (XRF), as well as their
application and uses.

Third, we examined thermal analysis techniques, which are divided into two categories:
the first is the thermometric titration (TT) method, and the second includes
thermogravimetric analysis (ATG), differential thermal analysis (ADT), and differential
scanning calorimetry (DSC).

Keywords: techniques, LC/SM, GC/SM, AES, AAS, XRF, ATG, ADT, DSC.




