Chapter-26:

An Introduction to Chromatographic
Separations



Introduction to Chromatography
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Chromatography is a separation technique based on the different
Interactions of compounds with two phases, a mobile phase and a
stationary phase, as the compounds travel through a supporting
medium.
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Components:

Mobile phase: a solvent that flows through the supporting medium

Stationary phase: a layer or coating on the supporting medium that
Interacts with the analytes Lakdod slyall slgall e Jelizy aelull bagll Lle M of dads el gl

Supporting medium: a solid surface on which the stationary phase is
bound or coated @y i ol calall yshall 4 bagiyy cho adaus seelall bl




Uses for Chromatography

Real-life examples of uses for chromatography:

» Pharmaceutical Company — determine amount of
each chemical found in new product AllendS Bala JS &aS i - gl 85,4

> e (SO 839290

» Hospital — detect blood or alcohol levels in a patient’s
blood stream Sasall o5 ymn 5 Lol ol aall Slgin o aasl - o

» Law Enforcement — to compare a sample found at
a crime scene to samples from SuSpects '« o« fe dolie - ool sl

g acall fro Oligey dagyadl 2 yuue S

> Environmental Agency — determine the level of
pollutants in the water supply oliall Slslae] ;3 Slislall goin Asan - it Al <

» Manufacturing Plant — to purify a chemical needed to
make a product Sl o pad da5 fLeasS Bl 485 - gt pisne <
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Sample Mobile phase
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N o The analytes interacting most
AF— strongly with the stationary

phase (B) will take longer to
pass through the system than
those (A) with weaker

Packed |/
column i

" interactions.
These interactions are usually
chemical in_nature, but in some
cases physical interactions can
B also be used.
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Types of Chromatography
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1) The primary division of chromatographic techniques is based on the type of
mobile phase used in the system:

Type of Chromatography Type of Mobile Phase
— Gas chromatography (GC) gas
L - Liquid chromatograph (LC) liquid
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Types of Chromatography
el 8 pusall cqldl ekl g o e 2ly 48Lo] Olagudi cly>] (Say (2
2) Further divisions can be made based on the type of stationary phase used in the

system:

Gas Chromatography (GC)

Name of GC Method

Type of Stationary Phase

- Gas-solid chromatography

solid, underivatized support

2 - Gas-liquid chromatography

liguid-coated support

Bonded-phase gas chromatography

chemically-derivatized support
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Liguid Chromatography (LC)

Name of LC Method

Type of Stationary Phase

Adsorption chromatography

solid, underivatized support

Partition chromatography

liquid-coated or derivatized support

lon-exchange chromatography

support containing fixed charges

Size exclusion chromatography

porous support

Affinity chromatography

support with immobilized ligand

Injection

CHROMATOGRAM

com@nent 1

comp. 3
component 2
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Volume
(time)






Adsorption Chromatography
ilixel e @Sldll Lasll
8ale xbaws e slgall
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dl>y nonpolar 2 solute JI g2 <l dawyll oo ezl yag

Separation based on their adsorption stationary Jb J48 «5ladl <3 normal phase
onto the surface of solid (stationary O O ] O
phase). O
Solte [ ] L1 o
_ . ®) O L
Normal phase-like separation

Solvent (O OOOOOL1000000

Nonpolar mobile phase for polar, non- P
ionic compounds DlSsall 7S sf yoto sob //////////
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Ex; Column chromatography TLC, HPLC
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Partition Chromatography
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Solute are separated based on their partition

between a liguid mobile phase and a liquid

stationary phase coated on a solid support.
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Normal — analyte is nonpolar organic; Phase 2
: TEHL
stationary phase MORE polar than the Phase 1 [$/5%%
oo

mobile phase

Ex : TLC, Paper Chromatography

Reverse — analyte is polar organic;
stationary phase LESS polar than the
mobile phase

Ex : HPLC
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lon Exchange Chromatography

Soal ali ysb alasil
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Use ionic stationary phase ("alsil's coodoydly il e sazm) caldl yobll Lle
— ions separated on the basis of their tendency to displace
counter ions adsorbed on stationary phase (Depends on
charge, hydration, “solubility”
— Used for analysis of aminoacids and its base pair.
loaelgsy duwedl olasdl Lo puscius -
Anionic stationary phases: used for cation separation
Cationic stationary phases : for anion separation for ionic

compounds LS Lad) pasezad 1igs il dnldl ylgbyl
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Size Exclusion Chromatography
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» Separation is a result of “trapping”

of molecules in the pores of the
packing material

Very large molecules can’t get into

the pores — unretained ...y s, <im0
Bimasa 3 - sluall JI Jos0l

Very small molecules get hung up

in to pores for a long time - most
retained — longest retention time

sl w8y Jobol - [flasl ySYI - Aysbs 8y2) pluall 8 3led 13 §ysall Slyjall

stationary phase is a porous

madtrix L )
Jalua Bghca e Byle cald! yohll

Ex: GC, HPLC

s = void yolume

Sumof 0= internal yolume

o = small molecule

= large maoleculs







Affinity chromatography

y Spacer 2
: —_—
Immobilised

ligand Enzyme Bound enzyme - wash free
of contaminating proteins

Affinity elution
(withC> OR Non-specific elution

e (pH or ionic concentratio

1

Dnalysas

Restore
optimum conditions

Purified enzyme
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3) Chromatographic techniques may also be classified based on the type of support
material used in the system:

\.- Packed bed (column) chromatography
2 - Open tubular (capillary) chromatography
"\ — Open bed (planar) chromatography

(s302l) Loall 335l L1y gilog S
(emidl) zouaall oYl Ldlye gilagyS
(sorwall) zozaall yyudl Ldlye gilagyS

Open
(Tubular Capilary)
I
Open Tube Open Tube

(WCOT)



Some chromatography terms

bt Ldlye g3lagySUl 3T Lgland slyall 33Lall
*Substance that is to be separated during e

chromatography

Immobilized phase stationary
-Stationary phase which is immobilized on ol peall Ol e cozall coldl yshll »
the support particles or on the inner wall of ssasll gdd sl laadl e
the column tubing

Mobile phase (Bl/318/ Jils) samo ol 3 sy oAl yoll
‘Phase which moves in a definite direction.

(liquid/gas/fluid).

Consists of the sample being separated/ (Ll-/las sl il o oSy -
analyzed and the solvent that moves the g . a0 il
sample through the column. )

Effluent
*Mobile phase leaving the column. 5505l a2yl Syl 5ol

Elution: is the process of removing analyte from
stationary phase by mobile phase

Ayozall 5 olall dalgy ol yahal cyo Lol slyall Salall &3] didac o 13yl



1) Typical response obtained by chromatography (i.e., a chromatogram):

Detector signal =g

chromatogram - concentration versus elution time
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Time =

t, = retention time tg = solute retention time

t,, = void time

W, = baseline width of the peak in time units
W, = half-height width of the peak in time units



High performance liquid chromatography
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* HPLC is an extension of conventional * Allows to use a very smaller particle size
liquid chromatography. for the column packing material which

gives a much greater surface area for
interactions between the stationary phase
and the molecules flowing through it.

Aol Oladl B dyg8 blal »

* Powerful tool in analytical techniques

 Columns are tightly packed, and the
eluent is forced through the column under
high pressure(up to 5,000 psi) by a pump.

* Allows a much better separation of the
components of the mixture.

codall g8 @ing oSl Saacyl dusi @y - L sl SlgSal ySy J23l Jasy zaug ¢
5000 S Jer) Jle oo wi sgasll sie

suian dnals; (n13a Ao sy JS) o) HPLC can classify base on
elution method
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Isocratic Gradient




Liguid Chromatography: Adsorption chromatography

20 Bl dysall jolall code oSy d

Isocratic o St Jasile <ssl e

remains constant with time 70
« Best for simple separations = o 80 =
; . - Qv 5
+ Often used in quality control applications that %8 /
support and are in close proximity to a gg 40 /
manufacturing process o230
8392l ddlya Olighs 6 W pased » () /
Lo 2y 553 el ddac ey il w0 20
, : 2 10 /: . - - -
Gradient  <s9ise s (BY) Lol jshll o oSyislyy @ :
mobile phase solvent (“B") composition . . . : '
increases with time 0 5 10 15 20 25
* Best for the analysis of complex samples Time, minutes

L Badall Oligll Lo Lasyl e
» Often used in method development for B3k sy0b 3 We sz
unknown mixtures Aggnall B Sl -+ |socratic - - Gradient

+ Linear gradients are most popular o st e
(for example, the “gradient” shown atright) o ;";9;3‘ e il Ll e )



HPLC can be classified based on separation mode to

Syl yslall cya dpad ST ol jolall oSy lone (golall ysball -1
« 1- Normal Phase; when the stationary phase is more polar than the

mobile phase |

« 2- Reverse Phase; when the mobile phase is more polar than the

stationary phase S A s 285 g Sl S5 e el il a5 (Sl 5o (355 Sl pobl L oS 3
(&8 18) W-C 9 A-C dol3 9 DligasSoyagll Juo ddlisie dabog Dlegane BLOI Guyb (e olll Gt

* Reverse phase chromatography; The silica gel is polar and to be
used for the reverse phase separation, its polar surface has to be
changed. This can be done by attaching different functional groups
such as hydrocarbons mostly C-8 and C18 (none polar).

« As aresult we create a none polar phase. This type is used more than
the Normal Phase, and the reason why it is more popular is that its
weak mobile phase is the high polar water, therefore, the samples are
applied in this weak mobile phase i.e applied in agueous status such
as biological compounds. »«ess ol ot wosms sl o S B putig i s sob e oo 0 B

SLSsal Jza dile Wle b o il dymall yolall lin 6 Ol b o Jls diatll e loll g0 o
Az glodl

« This makes it especially attractive in clinical chemistry for drug

confirmation, amino acid analysis and hormone separations.

Ugaygl Jadg duwadl plasl Ldsdg dygadl S a sl e laS) 2 els Iy Blis dlesg b lia







Common Reverse Phase (RP) Packings

Octadecyl - si-0-sic_~_~~ A~~~ ~_CH,
Octyl - =8i-0-Six _~_~_~_CH,
. N\ A /CHS
Dimethyl ~Si-0 SI\CH3
NORMAL PHASE:

Cyanopropyl - —si-0-si._~_CN

Aminopropyl - —BSi—o-Si\/\,Nl-lz



HPLC Technique

* Utilizes liquid mobile phase to separate .« The total separation time is often 5 or 10

the mixture 01 o) Yol oz I35l pasins « minutes rather than hours or even days
required for some separations by gravity

* Analytes are first dissolved in a solvent flow with the larger systems.
then through the column under high oty 851+ ol 0 Lol 8 Ilan] 55 Lo e -

pressure of up to 400 atm 5 i in 5 4al Lo o sall slaall Ll « Slas oo 3 wsllas 50 S sl i ol wilels
::f; 466 u;fi: JL; bm}iﬁsjjwi laos 1 SY1 dalas Yl plasily a3l 38adly Laall

* Mixture is resolved into its components in
the column ssasll b sSo L) sl Lok



omponents of HPLC

2D

Pump

Injector

Column

Detector

Recorder or data system

A Flow Scheme for HPLC

solvent
reservoir
Filraion ond degassing
Preparation of
pump o processing unit _/\..A_A_A_ eluent W:m
ump
produce high and display
pressure
i Autosampler
signal to processor
lfljaern CI)fe1 = } detector Column box
HPLC tube
Cperct odes
‘ « SOCrohis: constant eluent compostion
waste - gradient: confinuous vanation of

HPLC Setup

Storage for mobile phase
(eluent)

eluent mudure during analysis

------

Injaction vaive

Detector unit with UV.VIS lamp
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Chromatogram
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T Start Injection
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Solvents

High Performance Liquid Chromatograph
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The Chromatogram

t, - elution time of unretained peak
tz- retention time - determines sample identity

Ir

tR .
: J\/k
g
‘/\r

mAU

= (m
N

Area or height is proportional
to the quantity of analyte.

Injection

time
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Applications advantages of HPLC
* Small diameter, reusable stainless steel

* Monitoring materials that may jeopardize
occupational safety or health

* Monitoring pesticide levels in the
environment.

* To survey food and drug products,
* To identify confiscated narcotics
* To determine the amount of such chemical

columns
* Column packing with very small particles
* Control flow of mobile phase
* Precise sample introduction
* Good pumping system

* Special continuous flow detectors- can
handle small flow rates and detect very

compounds found in new drugs in small amounts
pharmaceutics » Rapid analysis
Summary * High resolution
* The modern day technique is greatly disadvantages of HPLC
enhanced in terms of selectivity, * Cost

resolution, through miniaturization and the
use of very elaborate stationary phases.

+ Therefore HPLC is widely used for Low sensitivity for some compounds
separation of molecules in biological, Irreversibly adsorbed compounds not
pharmaceutical, food, environmental and detected

industrial process Co-elution difficult to detect
sodl JI5 e BTy AgEoT] o o 3o IS Atgand] Geb ] s o ad)
Jad) guly glai e HPLC paseiad U Glal) 3yghaia dul )lgbi plaseialg vdodl 4l HPLC woxe
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Complexity




Detectors used in HPLC

Type

chromophore

Spectro-

//\//\photometer
/\/\/\ Fluorometers
AY/AY4

Electro-
chemical
detectors

Mass
spectrometer

Refractometer

Principle Detection
limit

Measure <1 ng

absorbance of

light

Measures pg to ng

fluorescence

Electrochemically pg to ng
measures

oxidized/ reduce

analyte

Detects ions after
separation by
mass-to-charge
ration

fg to ng

Measure change
in refractive index

1 g

Comment- ‘ i T
L T T
R o © BE |t
| zlc‘a.‘ R NI
el Yoeto [onbly

Analyte must

absorb UV or
visible light

Analyte must
fluoresce

Useful for
catecholamines

Analyte must
be converted
to ionized
form

Detection of
most
compounds
but relatively
low sensitivity



non-destructive L|C|U|d Chromatog I'a phy

Quartz cuvette e o comuemed <5 i 1 o INstrumentation — Detectors

21 conjugated (2 chromophore) ke g <Syall 533

o UV Absorption Detectors

o)l ol) dowbrdl 3o8 dnall yolazal faull -

SlaalSl e g 183l ¢ gdl sa = A =-log(l/1) = €bC - |)4~’us—“~9 2ty (;.‘,S')AJI
— The most common type of detector e B

— Principle: absorption of ultraviolet (or visible) light
— Follows Beer’s Law: A = -log(I/I,) = €bC

Light beam
e I = intensity of light (I, for blank)
e £ = molar absorptivity (constant) —
e b = path length -, I b

e C = concentration
Cell

A<1>0.001J Sl Ladi

— Best results for 0.001 < A< 1

— Fast response — sensitivity trade off in path length
(can select cell volumes)

(W] plo] Hlezs ] 4Kal) sluall Job (8 deaslun] dlilin - dny5u &l



Liquid Chromatography
Instrumentation — Detectors

o UV Absorption Detectors

(& pd8) OLSsall Esliudl
of a8l yzall dx gs3all aslgyll O3 OLSyal) LadYl o

— Sensitivity to Compounds (€ values) oo oo
e Best for compounds with conjugated double bonds,
aromatic groups or strongly absorbing functional groups
(e.g. R-NO,, R-I, R-Br)
e Poor response for compounds with few or weakly
absorbing functional groups (worst for R-CN, R-NH,, R-F;
poor for R-OR’, R-OH, R-COOH, R-COOR")

_ SOIVentS . R-CN: R-NH. R-F Jigill) jolazedl dams of dlall &b dsgll Sleganall 013 OLS all dagpd &lovial »
. : (R-OR" R-OH: R-COOH: R-COOR J 4253

» Requires use of solvents that absorb poorly in UV

o bo Lady s JI solvent J! L dorwtdl 398 deidl glai B s jolawl OIS Olgie alascwl Cdhag

e g9 b w9 chromophore e
21 conjugated



Absorbance detectors

&Syl Emwtndl §od dnalll Olaals

UV/Visible detectors

» Solute property detector -

» Three types
coldl > sall Johll anls
maximum one wavelength == Fixed Wavelength deteCtOr

maximum 3 wavelengths == Variable Wavelength deteCtOr

e 290 Job Aals -

all wavelengths 200-800 = Diode array deteCtor

LSS dghan bauls -



Fixed Wavelength detector

UV Lamp
» Higher detection capacity. Quartz Quartz
» Hg vapour lamp(discharge lamp) \\'indmg\? Lens  Windows
» Focus of light through two absorption cells. —t "f
« Volume of cell is kept constant. Sammgle o R
mobile phase J! e g2
olel @as 5,08 . | "= -

(525 ¢ locs) B30 S15 locane Quartz
wolazal s VS o cgall 3555 Qual‘u \vindo“s
e Windows | I | |

Photo Cells



Variable Wavelength Detectors

BlesilogsS pllhn Joo 90 s guly sa3ad FUai 93 ddsally dmewar]l 598 doaM Jgo Bllra
» Relatively wide band pass UV-Visible spectrophotometer
coupled to a chromatographic system.

« Offers a wide selection of UV & Visible wavelengths with
Increased cost. il S S ol il 538 58581 Sl o] oo Gl o 5

« For complete spectrum, eluent flow must be stopped to
trap the component of interest in the detector cell.

Bl 405 3 sllaall sSall s Copiall 355 Blay] ey JalS abs e Jsonll -



Diode Array Detector

» Scanning Wavelength Detector = s jswi s
» Required to obtain a real time spectrum of each solute as it elutes

» Work in parallel, monitoring all wavelength c8el 5 i e Jomod) wsline -
Jasll azgys 21 Qlia IS0 sl
» Xenon lamp tursall 15l g 681505 nglsl

el ilogySl JolSl yyohadll « ou) zluce

» Complete development of chromatogram

Diode Array

Dispersion device

Entrance slit
Sample

Sou rce



Liquid Chromatography

sty Ml igsedl o stability 8 Lo Instrumentation — Detectors

33U sy
LSyl

e Refractive Index Detectors

alzsis Sy egill aeos dalzsall Loyl Solalan I3 Blawdl »
] ] LS5l Jaloa sasey oSyl -
—_— PrlnC|p|e - iall HluS Jalea e bt 4luSOl Jaloa 3 wSya o oo aS)l Say -
| T =

e liquids with different refractive index will diffract light differently
o Composition will determine refractive index

o Any compound with a refractive index different than the solvent’s
IS detectable

- Advantage (oolazadl dao OLSall e aas)l wisay) ddsads y2SYI anls)l -
e Most universal detector (can detect weakly absorbing
compounds)

— Disadvantages:
o Gradients are not possible stis b 155152 25 03 two mobile phases pasol yazs o 35 i
e Requires thermal stability
e Generally not very sensitive

Gyl 131l b

Jis Lilus ) ale S«



Path taken when
Reference out refractive index /

\ of eluate
changes \ “ 1 Photocell

Reference in N Q [>
% Path taken with
g % pure solvent in

\ both compartments
= CA §Sample out

Light

Deflection plate

-

Sample in



e Fluorescence Detectors M + hv — M*

— Detection Principle:

w22l o |ight promotes molecules to excited
Al ) ol : *7 ,
s s €lectronic state M* — M + hv

s Excited molecules transition from
f@l e . lowest excited state back to the
Iz aaiy dus 3l .
T ground state and emit light in the Light Source
process . .

- EqUIpment (sl a9 J8) dgall Jlobdl sl slll Olpslal ol Ol < ) N

ol cgs @als
e High intensity light source

e Filters or monochromators to select Filter or /
wavelengths (before and after cell) monochromator — |

e Sensitive light detector Light

sio dbls Llas aas) dgw Bydo 8ylal oY (ddle 36 3:1S ) 2l slsall) 5 ST dplundl oS5 48 detector
dgme Olrga Jlgbl aie dols ass Olyiadl pa Jdb sae o35Sy Llel clasl « (obal ylasl)

— Advantages:

e Greater sensitivity possible (for molecules with high fluorescence efficiencies)
because easy to detect small signal against zero background (see below)

e Much greater selectivity because few molecules fluoresce, particularly at
selected wavelengths

— Disadvantages: (Lol gSino $lazanll ol o e 1 o) Olsall o Linad JulS sae e sty
e Limited to relatively few molecules (although derivatization is also possible)

M* — M*’ (lower vibrational level)







45 stability Liquid Chromatography
scattering Jl el gy Instrumentation — Detectors
313y liquid J! Jeo

« ELSD (Evaporative Light Scattering Detector)

alua ‘anLc
Column
» Universal, destructive .., v s semin effiuent
» Useful for large molecules and wide linear Nebuizer =
range. IS 5 gl shyall slgall o Sloiall 3] azy pf::rs:gr:r:::s 1. Nebu
. Nebuli
» Analytes are de-solvated in the detector. st T
- Molecules pass through a large cuvette for iy B 7’?". ~<
A UV-VIS iNSTrUMENT. s tonundl 368 20815l 5,05 0ol 205 e Sl 5 Smp|e< IR 2 viosie phase
. . . . . : ,/ evaporation
- The reduction in light intensity detected e , '
(due to scattering by the analytes) is N
measured. 8
donts) aaeSall cgall Bas (plassl eld @i ; 3. Detect
(ledo slyall slgall dlaulgy codll i ' '
Laser light source

Photodetector



(polar) il J&5 e sz

e uvereal Liquid Chromatography
destructive Instrumentation — Detectors

qualitative and quantitative analysis

e Jon Exchange Chromatography

BLoYl &l saacl go - aslg sgac 133¢231 ¢ 13l

 Types of Instruments: &7 =@ e e s vl

— Single column Aol 48 adiosdl
— With analytical plus suppressor columns
e Detection in Single Column Instruments From HPLC column
— Other detection methods (fairly common)
— Conductivity detection
e Conductivity Detector
— Resistance measured (AC circuit)
— Conductivity = 1/(resistance)
— Ions in solution create conductance
— Conductivity depends on ion
concentration and size

q V
Conductivit/ H Electronics

cell

dleo g1l (33328l 5Ll B331s) daglaall ulid
saed dgleoof Bl Joloall B Olgad!
dax>g o523l 3455 e ddeo odl



e Electrochemical Detectors

— Principle:

I3s3llg BaSYl Elelad Sas o
sgall aey &50 S UadYl e

e Redox reactions occur at electrodes
following column s 5395 psui

Algall Jlzsl/800usY

o Potential cycle used to periodically .. e

oxidize/reduce analytes at electrode

wdadll e gy99

e Current depends on concentration of analyte
being reduced or oxidized (similar to A in UV

detector)

of Wi @y ol Lgldons slyall B3lall 3535 e yLedll sazay »
(demnuind] 398 a2l aalS 3 A J asline) (s

o Electrode potential determines classes of
compounds that are detectable (similar to A

in UV detector)

ALl SLS pall Sl Sl gl Cdaiil] g sasmy o
(dummadid] 308 ] AalS 8 A J asline) caas

98ls g1y polar I Mo o o8 Gline
SWbo oxidation for non-polar Jasi unit
destructive _« universal slo

From column

l Analyte
electrode

Reference
electrode

Voltage supply/
electrometer



e Mass Spectrometry

(Lekain) Lo 4595801 yaindl 8 bylg )l lag

Bonds in cation radicals
begin to break (fragment)

Mm* MY+ M-
Cation fragment
radical

. Lets only cation M*
8352 Pyl hadl lgayseis duall y55 toebe‘::tirca M
0988yl die g las (oSl AL | Heated Slit
filament

Sample vaporized and
subjected to bombardment
by electrons that remove
an electron creating a
cation radical

o
M LL» Mt + e ;
inlet
. . Ionizing
Organic Cation electron
molecule radical beam LCD display

© 2007 Thaowrwmns Haghwr Edatatnm

Ions deflected
according to m/z

Slit

Detector

Mass to charge
(m/z) ratio is
measured

| Acceleration

Molecular ion (M%)
shows molecular weight

I lonization unit I







The Mass Spectrum

Plot mass of ions (m/z) (x-axis) versus the intensity of the signal (roughly corresponding
to the number of ions) (y-axis)

(SUa¥l sae g gyl el 2l) 5yLasdl ais Ylio (Lpksed] yoeall) (MZ) U g¥l 4 @uny »
(%100) baclall da8 o dad el (galall ygouall)

Tallest peak is base peak (100%)
» Other peaks listed as the % of that peak Aadll ol oy dygie duS dyo 33

Peak that corresponds to the unfragmented radical cation [M]* is parent peak
Alo¥l dasll o +[M] aall s gyindl 5150 pa 38155 ol dadl

100
S 80 X’
3 H H H .
& e Propane Hob b &om
g MW = M*: b b
a
- — Parent peak
g 40 | mj = 44 arent pea
2
& 20
[+5]
« 0 | | ||l
I i I l l 1 l l v I l
10 20 40 60 80 100 120 140

M/Z —
® 2007 Thomson Higher Education

[
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Determining the molecular formula
M and M+n peak :
dgall (B b S J851 USRS 5o o) doved (aiadl (39ll e 238 (Al madll ygls
Peaks above the molecular weight appear as a result of naturally occurring
heavier isotopes in the sample

- M 12C (98.9%) and (M+1) from (1.1%) of 13C in nature “M 12 (A7) s(M+1) oo () o
_ (M and M+2) in (75.8%) /(24.2%) ratio = 35Cl and ¥'Cl NS st syl

) $20-V) (#Br81°Br 7 = s (1£8.Y

- (M and M+2) in (50.7%) /(49.3%) ratio = "°Br and 81Br

100
3 Propane
g %07 MW = M* Loy ot
8 g0 = 44 L
g it
2, pd H H H
$ -— Mz =44
>
. ‘ ‘ M+1 = 45
[} — 0)
e || Ml e From 1.1%
| | | I | 13C T T T
10 20 40 60 0 120 140

m/Z ——
® 2007 Thomson Higher Education



Determining the molecular formula

Natural abundances of Isotopes of some common elements

M+ I M+2
RA Isotope RA Isotope RA

o
Major

Element Isotope

Hydrogen 'H 100
Carbon - & 98.9
Nitrogen "N 99.6
Oxygen 50 99.8
Fluorine i 100
Sulfur 348 94.8
Chlorine #Cl 75.8
Bromine 7Br 50.7
lodine 127 100

I3C
ISN

33S

0.4
180 0.2
0.8 349 4.4
¢l 24.2
gy 49.3

The relative abundance (RA) of the most abundant isotope is listed as 100, and the abundances of the other isotopes are
listed relative to that number. The M + | isotope is the one that is responsible for the peak at m/z one unit higher than

the peak for M*.



il S Determining the molecular formula

e cllsssn 650 ¢L€—‘J-5Jl9“‘”u->qu-5

M* peak: Halides 5w o bl

1Sy oSyal MW JI @S o &¥lazyl
MASS SPECTRUM

T,

| E S0 PO
804 = *Cl
3 - CH,CI
M* and M+2 in 75.8%: 8 60 =
24.2% (~ 3:1) ratio < 40- = ¥Cl
] A R =]
= 35C| and 3'C| ST
o T L N Y I i
10 200 a0 4.0 &0 &N
mez
. . MASS SPECTRLIM
M* and M+2 in 50.7%: 100, o
49.3% (~ 1:1) ratio — E z By
o i F= =
= °Br and ®'Br 5 eo- o /\)
= 40— _
- w4 £ |l g% %E Eg ig EE;
| - = 2z =z 5o 5B 22
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Relative Intensity

Determining the molecular formula

100 —

Br 9By 81By

156 158

80 —

)
o
|

MW = 156

I
O
|

20~

R il i 1 T | . L3
0 LLLL LELU LU LU LA AL LU LEEL) LU UL LRLU LU LU LA L LU LRLU L) LRLL LELU LR LU LU LR LA LA LU LAY LRL LR LAY LRI L LA L L L

25 S0 75 100 125 150 175

m/z



Relative Intensity

Determining the molecu

/

100 —
Br /
80 — B
| MW = 234 9Br X 2
234
40 —
20 —
0 IIl.llll‘jl‘flllllllilili Illl‘ilhll]I ] Ihl]]ll”]lﬁ.lIIIIIIIII%IillllIIIIll]l ] lllll[HIIIIHI]IIIIIIIIIIIHIIHHIl I
20 40 60 80 100 120 140 160 180 200 220 240

m/z

236 /9Br +
81Br

81Br X 2

238



Relative Intensity

Determining the molecular formula

100 - cl
80 —
35| 112
MW = 112 Cl ~
60
I 37C|
40 | 114
/
20
Al a 1 | 1 (R TP .l“l I it " |
0 lIll]llll]][l]]l[lllllll]IlIl[llll]llllIIIII]II]I']I(I]IIIIIITIl|l ll[llllllllllllll[lllllllll[‘lllll LN

10 20 30 40 S0 60 70 80 90 100 110

m/z



Relative Intensity

Determining the molecular formula

100 — Cl
°Br +37Cl
or 192 —
B
80 - 81Br + 3°C|
MW =190
°Br +3°C|
L 19 — >
8lBr + 37C|
40 / 194
- /
20—
0 _HWVWTHJLWTWL L’l|i||{!i§n|nll!!fllllm]mi: ! WMWWTWWWHWWWVJ illlll
25 S0 75 100 125 150 179 200

m/z



Relative abundance

Determining the molecular formula

100
9 <«—— Base ion
T CH2C1 \ / CH, +
50 — Benzyl chloride
i 126
i Mf_p
65 M+2
i 39 /
0 o ll u ..I || |||| 1 lll L A | L l|.
i | | W | ' | 1 ' [} |
20 30 40 50 70 80 90 100 110 120 130

m/z




