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Chapter-26:

An Introduction to Chromatographic
Separations



Introduction to Chromatography
Definition

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.

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

Supporting_medium: a solid surface on which the stationary phase is
bound or coated
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Uses for Chromatography

Real-life examples of uses for chromatography:

> Pharmaceutical Company — determine amount of each
chemical found in new product

> Hospital — detect blood or alcohol levels in a patient’s
blood stream

> Law Enforcement — to compare a sample found at a
crime scene to samples from suspects

> Environmental Agency — determine the level of
pollutants in the water supply

> Manufacturing_Plant — to purify a chemical needed to
make a product
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The analytes interacting most
strongly with the stationary
phase (B) will take longer to
pass through the system than
those (A) with weaker
interactions.

These interactions are usually
chemical in nature, but in some
cases physical interactions can
also be used.



Types of Chromatography

1) The primary division of chromatographic techniques is based on the type of
mobile phase used in the system:

Gas chromatography (GC) — gas
Liquid chromatograph (LC) liquid

mobile phase g stationary phase suic Ul

Jrad saice juay lJ3 mobilel g stationaryJl w dalise dd)Me Josy analyte!
gas chromatography yso JoaaJU jle mobile phased! g8 13l

liquid chromatography 4550 JwadJ® mobile phase : liquidJl ¢S 13

mobile phase liquidJ! ¥ liquid chromatography s» HPLC!
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Types of Chromatography

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
Gas-liquid chromatography liquid-coated support
Bonded-phase gas chromatography chemically-derivatized support
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Liquid 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
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Adsorption Chromatography

Separation based on their adsorption
onto the surface of solid (stationary

phase).

Normal phase-like separation

Nonpolar mobile phase for polar, non-

ionic compounds
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Ex; Column chromatography TLC, HPLC
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Partition Chromatography
partitiondb aeSad adsorptionJb eS8l judy Lo g ,uiS Guwyliive 19igSh non polar GusSyall 1g3lS 131

Solute are separated based on their partition=> ‘partition coeffecient gulul e ©lS,oll iual s
Tl ) Ui JoiliSedl .. octanol-1 g9 o >y g Cylinder .

between a liquid mobile phase and a liquidee:ds was g diclofenacdl lgs Wasl Mo .. gk g ol go
) ] by weight Ju=i Cdec g
stationary phase coated on a solid support. Weight of octanol/weight of water
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mobile phase
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lon Exchange Chromatography rsic «>ls s + ais egio 9>1sé polar ¥
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Use ionic stationary phase = =
ions separated on the basis of their tendency to displace = @:_'_
counter ions adsorbed on stationary phase (Depends on S] ©

charge, hydration, “solubility”

. . . . . ANION EXCHANGER
Used for analysis of aminoacids and its base pair.

=3
Anionic stationary phases: used for cation separation = = l
Cationic stationary phases : for anion separation for ionic S =
compounds

CATION EXCHANGER

- Ex : HPLC
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Separation is a result of
“trappin?” of molecules in the
pores of the packing material

Very large molecules can'’t get into
the pores — unretained

Very small molecules get hung up
in to pores for a long time - most

retained — longest retention time = void volurme ¢ = smallmolecule

Sumof O = internal volume ¥ = large molecule
stationary phase is a porous matrix

x> LUl @bl G 9 usdl @l 9 juso pgex> Ul cluay poresdl JWs (o
Ex: GC, HPLC bl Guwy pgelly ) 9 mobile phaseJl bes aujy o



Extremely expensive
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stationary phased! gd materialJl gwlwl Lle cauaill

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

Packed bed (column) chromatography ex: L C
Open tubular (capillary) chromatographyey: ( (
Open bed (planar) chromatography ex: v )¢

Open
(T ubularICapIIary)

Pp\omov

Porous Layer Wall Coated
Open Tube Open Tube

(WCOT) \ ,6



Chromatography: qualitative + quantitative

Some chromatography terms

Analyte LU= oy Ul dg=ll
-Substance that is to be separated during
chromatography

Immobilized phase €0atJb 5l ¥s solalb Sl Lo stainless steel poSi

*Stationary phase which is immobilized on
the support particles or on the inner wall of
the column tubing

Mobile phase

Phase which moves in a definite direction.
(liquid/gas/fluid).

*Consists of the sample being separated/
analyzed and the solvent that moves the
sample through the column.

ade L= 7)) pao effluent aeawy clldd diye (sl 99y mobile phase ! g» columny! o gy 25

Jlgw
Effluent
*Mobile phase leaving the column.

-

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

sl Jol
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detectotdl 95 o>

1) Typical response obtained by chromatography (i.e., a chromatogram):UV-vis detector us 13l

Detector signal g

chromophore 4 bo wS;all o

chromatogram - concentration versus elution time

S J=v» mass detector!

Im
e
|
|
|

A

~ Inject

Where:
R = retention time tS = solute retention time
tM = void timefor  mobile phase J13 ade Jag A
Wb = baseline width of the peak in time units
Wh = half-height width of the peak in time units / 7

Time =



High performance liquid chromatography

* HPLC is an extension of conventional * Allows to use a very smaller particle size

liguid chromatography. for the column packing material which
gives a much greater surface area for
interactions between the stationary phase

* Powerful tool in analytical techniques , ,
and the molecules flowing through it.

* 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.

HPLC can classify base on elution
method

Isocratic Gradient
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Liquid Chromatography: Adsorption chromatography

9 dogo Ulsdbuaoll L“SLD
ol lgde o
Isocratic

mobile phase solvent composition
remains constant with time

+ Best for simple separations

+ Often used in quality control applications that
support and are in close proximity to a
manufacturing process

Gradient
mobile phase solvent (“B") composition
increases with time

« Best for the analysis@mplex samples

% of Solvent B in

Mobile Phase
coB38388883

&9 v=
P a=>lg

obdl dolgid umrgjonw ppls 9 Zolspl dlay o pgibls

Wo Gy .. iy 89l 0 mobile phase ! «il gradient !
A 20
B 80

o &ldo W oasy

A 30

B 70
Gradient &80 0 u=y

A 50
B 50

a9

G i GO iy g 0 8,39

/
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~150Craric
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10 15 20 25
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mobile phase polarity Jb juel @il Juadl & pasd la> (a8 non polarityJl ol polarityd! ¢ssia 9 doledl ¢l &g Cuns Caduad

+ Often used in method development for
unknown mixtures

+ Linear gradients are most popular
(for example, the “gradient” shown at right)

) | -+ |socratic - - Gradient
elgil V¥ dam i ouiuw Ul solvents !

Water , methanol , ac&ggigile

ddle Liw acetonitrile) polarityJ!

low polar w 3l ¢ay ) bo $= low polar wSyall =y acetonitrile %80 g methanol %20 8 ¢S 13

inorganic ! g organicJ aeusiuy water! g polar organic hydrocarbon ¢lél d= douasuiuw Joiliaall



mobilel ¢ stationaryJ! ¢» liquidJL type of chromatography ¢l J ool

HPLC can Qﬁﬁlﬁﬁsified baﬁ?&%ﬂﬁ&ﬂ“““ mode to

aluminium be o8 TL mal phas awouuio o Z,y mobileJl . stationary : polard! o8 13!
dichloromethane o8 Cuddgudl 9 ade U, g jaro olub> mobilel g stationary phased! ¢» g silica SiO2 o coated ddlkw layer
Ch2Cl2
. oleS non polar 43 CCl4 plasiwl ;S 9 NON polar g» g

1- Normal Phase; when the stationary phase is more polar than the
mobile phase Jomy 9 = lgo b 9 auyal Urine @l g8giall 9 unknown! oL qualitative Julsd oo 13
i Gubey unknown ! iz egisks> Ul standard !l ge (e Bguin 9 TLCJLe unknownd! ¢ spot
. ) unknownd! g4 glai3l

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

Statlonary phase dh>y 9 umy hgil judy Lo UVUL guw oS 131 Lol visible U Lgdguinl jody digle LS ol SIS 15]
quantity J=I a8 L TLCJL 9 qualitative Cdl> g wSyall 95 Cidye clim g uv lampJ] s

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), .. = . . cuantitvg
HPLCUL
As a result 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 aqueous status such
as biOlogical Compoundsc) solventl ¢ non polar ysSs 2, stationaryJ normalJl jSc $= reverse !
non polar et 9 Kuuwdle by b 9 C18 2wy SiO--Sidl usy polar 3e$s
This makes it especially attractive in clinical chemistry for drug
confirmation, amino acid analysis and hormone separations.



reverseJb J=iisud non polar clj=l lgde dS1) OLSyo

Common Reverse Phase (RP) Packings

9l C18 dugb (65 o SiO--hydrocarbons (s reverse oS 13l g Kduw SiO » normal phase o8 151 diu=lb lghasy Ul soladl

dimethyl 4555 (Sow 9 C8 8yumad

OCtadecyl B —/SPO'Si\/\/\/\/\/\/\/\/\/CHS
Octyl - —Si~0-Six_~_~_~_CH,
. N CH3 V-YJl 9% log p = hydrophobic wS,e J=I gag 13
D"'nethyl - -;31-0-3|< dimethyl 9 C8 g C18 Joxiuw NoON to low polar =
CH, »
nonJ! g polar phase all>; polard! &=
NORMAL PHASE: 9non polar phaseJb all>y p(;sl\:,r

Cyanopropyl - —si-0-si._~_CN

polardl lgdsu

H AN
Aminopropyl - —si-0-si._~_NH,
I Slegamall go Llel pall polarity ! ossiy Joum
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8ol go Jbgadl jusd Cuw 9 Mo I sl uws High performance liquid chromatography
hasll Jle bes Shsy <3 high performance!
8 J Jwogb mobile phasel voce

151 g hes sl B 0eSy Lo 9 (high performance) selasdl Jle Lie TLCJI uw liquid chromatography YJI <l HPLCJI ¢e @y TLCI
HPLC Technique TLCJL pelodl ;o Lo polarity Jb ousSyell Isgilis

physical forces ¢l pasiug o 9 a>lg solvent posciw ¥

N o ) jL& 9l weSi) mobile phasedl 95 92 GCJl 9 HPLCU! (w0 @4
* Utilizes liquid mobile phase to separate . The total separation time is often 5 or 10

the mixture 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 9100C Juos; GCJI Lu oven agss YJl GCJI 9 HPLCI
pifﬁsoli[g%Of up to 400 atm 50¢ Joge HPLCI

GCUl uw cm 15 JI 5 ¢ro dlgb Jusgs HPLCJL columny!
* Mixture is resolved into its components in 12meter Juogs

the column



Liquid chromatography
Mobile phase : solvent

Jlgw ade = z) peoQualitative + quantitative

Components of HPLC gl 5 Jnsis o columng! J5oi 5 leud ey Lo digell

* Pump
* Injector
* Column

* Detector

non destructive analysis ¢

* Recorder or data system

A Flow Scheme for HPLC

solvent
reservoir

HPLC Setup

pump o processingunit | | A AL

produce high and display
pressure
signal to processorT
if'jaem Sﬁ - { —— detector
HPLC tube

v

waste

Storage for mobile phase

(elueny) emmm—
Y w
\‘ / \

Filtration ond degassing
Prepcration of
elvent mixtures

Column box

Injection valve
Operatior

- isocratic: consfont eluent composition
- grodient: confinuous variation of

moces

eluent mixture during onalysis Detector unit with UV-VIS lemp
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Separations

stationarydl 9 Jsiluwe mobile phased! o

9B 23w ) wSpo Jol W non polar compound Cueasiuwl 131 s Llel polarityJl <8 log p J8I dl JUI oo gllay a>lg Jgl 6 C18 oo

HPLCJ! jleg= > gg alS J=JI 9 acetonitrilel g2 Ul non polar mobile phase pasviug 43 non polar!

Injector

Chromatogram

mAU

T Start Injection time

Column

Detector

Solvents

High Performance Liquid Chromatograph
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acetonitrile : methanol pasciug 0S8l say g polar guS o Guic 13l

20 20
acetonitrile : methanol pasi, non polar yls 13l
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Separations
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Separations
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Chromatogram

mAU
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Separations

Injector

Chromatogram

mAU Separation + detection

T Start Injection time

Solvents
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The Chromatogram

to - elution time of unretained peak

tR- retention time - determines sample identity

mAU

t

Area or height is proportional
to the quantity of analyte.

time

Injection



Applications

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
compounds found in new drugs in
pharmaceutics

Summary

* The modern day technique is greatly
enhanced in terms of selectivity,
resolution, through miniaturization and the
use of very elaborate stationary phases.

* Therefore HPLC is widely used for
separation of molecules in biological,
pharmaceutical, food, environmental and
industrial process

advantages of HPLC

* Small diameter, reusable stainless steel
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
small amounts

* Rapid analysis
* High resolution

disadvantages of HPLC

* Cost

+ Complexity

* Low sensitivity for some compounds

* Irreversibly adsorbed compounds not
detected

* Co-elution difficult to detect

el piMO Ci8gll puiiy 1988y S po (o LS| @l
A g0 1984y Lo lie mobile phaseJu
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Type

> Spectro-
photometer
LY

Fluorometers

Electro-

> <—chemical

detectors

Mass
spectrometer

g R4 e 2Py H P 749 >z >m
Detectors used in HPLC e

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

o

{0 10" |0

Comments

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

[D ID-ZI

Submultiples
Value Sl symbol Name

3
e

milligram
microgram
nanogram
picogram

$E 23 388




Liquid Chromatography

Instrumentation — Detectors
J3o g detectord 3y g6 I pgall izl (o gl i 398 Lol gty guddl g Cilg=dl (o d>gido quartz cell (e 8)lic 8y5.aJ
lsbasis 9 mobile phasel go diusll J32u (o= dde a0y ) Lo dl Lo 131 g aule 805 chromophore 4l ¢S 131 mobile phase !
2981 2y e i g 9 pHlenbo 193950 £33 detectordl g cellJ Iohog: GUI OLSxll g columngl o 4 lgslb JUI 8ol s

) ¢ UV Absorption Detectors e

beers law ! Lle saiszy UVI

® Non destructive

— The most common type of detector e
— Principle: absorption of ultraviolet (or visible) light
— Follows Beer’s Law: A = -log(I/I,) = €bC
e I = intensity of light (I, for blank)
e £ = molar absorptivity (constant) —>|: I .
>

Lo 92-‘ Not universal
(&)

Light beam

e b = path length
e C = concentration

0.001 o J&5 o g a=lg o w35 Lo o33 absorbanced! Cell

- BeSt reSUItS for 0-001 < A < 1 @qualitative + quantitative

— Fast response — sensitivity trade off in path length 2 » 3 @ g
(can select cell volumes) 2L A ke

Qetechl§ ) 2 ¥ &, 1S




Liquid Chromatography
Instrumentation — Detectors

« UV Absorption Detectors

S yally S oatlenly JB3le 0955 p5M0 Lehaly jad jlex l 5o 8a>g by dyly asd I CSpal

— Sensitivity to Compounds (€ values)

. Best for compounds with conjugated double bonds, aromatic
groups or strongly absorbing functional groups (e.g. R-NO2, R-
I, R-Br)

. Poor response for compounds with few or weakly absorbing

functional groups (worst for R-CN, R-NH2, R-F; poor for R-
OR’, R-OH, R-COOH, R-COOR”)

— Solvents:

. Requires use of solvents that absorb poorly in UV



Absorbance detectors

UV/Visible detectors

» Solute property detector

» Three types

) - Fixed wavelength detectorene A

multible ]
@ - Variable wavelength detector

® - Diode array detector ah «?’“ Leoo— 730

lsleiiy &> highly intense 9 chromophore (s Syall pj3 agls



XUl 2l 9 auel 80 JS £33 Sy0 o LiST H>l s 151 9 axlg Sh0 sul Jlog Hady Lo

Fixed Wavelength detector

UV Lamp
» Higher detection capacity. Quartz Quartz
» Hg vapour lamp(discharge lamp) Windo\,\’c Lens  Windows
» Focus of light through two absorption cells.
« Volume of cell is kept constant.
Sample cell Reference cell

Quartz
Qu«lrt / ? g \‘ indows
Windows

Photo Cells



Variable Wavelength Detectors

» Relatively wide band pass UV-Visible spectrophotometer
coupled to a chromatographic system.

» Offers a wide selection of UV & Visible wavelengths with
increased cost.

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



dz>gall Jlgbidl elSay g prismJle zgp z) sualldetector go5 Jol ©

Diode Array Detectog,)p of o1y x5 Jsb 435 s

: ©elog (o 9 duzgo Jlobl ¥ poSlo u3gs OIS Way o O £95 U
» Scanning Wavelength Detector Bl me Jabl T ) oras dJsb sliss S momaGHTOMAtOR

» Required to obtain a real time spectrum of each solute as it elutes

. . . h t du=>g0dl Jlghdl (sogs bo Jou £95 CJU
» Work in parallel, monitoring all wavelength ™ o o . LS i eaton s s

» Xenon lamp Sleall Juais o detector ki g UV jle>
» Complete development of chromatogram

Most expensive

Diode Array

Dispersion device

Entrance slit

’ Sample
m Source



Liquid Chromatography
Instrumentation — Detectors

@ Refractive Index Detectors

L)LYl 2 Ul physical property Ll deubll (8 dolo JS

Principle:
liquids with different refractive index will diffract light differently
Composition will determine refractive index
Any compound with a refractive index different than the solvent’s is
detectable
Advantage:
Most universal detector (can detect weakly absorbing compounds)
Disadvantages:
Gradients are not possible
Requires thermal stability
Generally not very sensitive



glassdl uséi 9 daglidl pudi 9 gl i YJle Cidndw 9 Ch3OH lgyd duli dwlS g o lgu8 glass transparent dwlS aic of

& donin iSpo IS 5lusSidl dygly M Cand ddlisio gl s 2 Joilisall o dismo dagliy 225w 9 9l JuuSiy 2y 0 Laad LI Al
detector

Path taken when
Reference out refractive index o

\ of eluate .
changes \ 1 Photocell —~

O Universal wils dl s

Reference in
Ly Sdvent (meleh|)

Deflection plate
@ Not destructive

4

Path taken with
pure solvent in
both compartments

@ Qualitative + quantitative

solution uesS disell pj¥

Sample out |
k5 AQerecruis I G- U5
Sample in
Require thermal stability ,
transparence and one mobile phase Unstable

mobile phase go ;S| Coasiwl 13 loguas 9 Ldgll go Al e dylociwl

gradient by L g had isocratic pj¥



@- Fluorescence Detectors M + hy — M*
Detection Principle:
Light promotes molecules to excited M* — M*’ (lower vibrational level)
electronic state
Excited molecules transition from lowest
excited state back to the ground state and
emit light in the process m  amp
Equipment: A\:fg °n Light Source
High intensity light source =
Filters or monochromators to select
wavelengths (before and after cell)

Sensitive light detector : /
9 excitedJ u=ais 9 valence electronﬁ@w tungsten! paic oS g lamp oS scboil Fllter or

| 1>
Zlisu bo U zuyaidl gy 8a>g dgbsy g>p lo yu visible light @ulsy g emission dway g0 G monochromator — |
energy stable piwull Igoumd emissionJ ddle d8lb
Light

M* — M + hv’

Sl zugy I 8)l,> wge o 58 Lgud flourensce !

> s L]
florophore jogsouw 9 7 3 V' e conjucation lgué eiwad! ol Jeiticy SUI solall deteCtor
Advantages:

L gse b e ISl Ghsy 8 0eSk intensitydl ) . .
Greater sensitivity possrl‘ble (for molecules with high fluorescence efficiencies) becaus
easy to detect small siéri’é:f against zero background (see below)

Much greater .sila‘ct_ivity because few molecules fluoresce, particularly at selected
wavelengths "oy, i) ¢ N
D' d . M L de“'e(.\'lﬂ ‘“ 53\4_) E\I/ L=
1Sa .Valjltages' . : . . . . Q Qualitgtive + quantitative
Limited to relatively few molecules (althou%h derivatization is also possible _
oe'ﬂbpl«bm\v':' 'u\{/“ 3 e Shromephote 1ok leotk one pi 2)Not destructive

florophore ¢gSi; chromophoreJl JS wise uw chromophore uss florophoreJ! Js Florphore « 3 g1 of move & Not universal



Liquid Chromatography
Instrumentation — Detectors
Physical proverty

« ELSD (Evaporative Light Scattering Detector)

Crefrackion — sowtion) o8 Sel\udte (Sonnd)

<
fefrackion (ORI

-—n

(=)
. i Column
» Universal, destructive effluent
» Useful for large molecules and wide linear Nebulizer |
pressure relief
range. Nitrogen gas /1 Nebulization
. Nebuli
« Analytes are de-solvated in the detector. e V
» Molecules pass through a large cuvette for aaias - P [ i
a UV‘VIS InStrument Sample ’:. | » 2. Mobile phase
» The reduction in light intensity detected g s L [t
(due to scattering by the analytes) is oy
measured. i
Universal t | g
Destructive Laser light source Efm
physical property eé oyué (e djuoo scatter daw Ll sole JS o
Photodetector

Quantitative + qualitative



Liquid Chromatography
Instrumentation — Detectors

. [on Exchange Chromatography

OligyisIl Juogi jmand Jabgall go polardl Jsuy uasy effluent & non polar solvent pasuiuud - + lgad unit (4 oo detectord! g columnd! w

Not universal

Types of Instruments: polar uss: o3 @
Single column
With analytical plus suppressor columns

Detection in Single Column Instruments From HPLC column
Other detection methods (fairly common)
Conductivity detection

Conductivity Detector
Resistance measured (AC circuit) f'
Conductivity = 1/(resistance)

Ions in solution create conductance
Conductivity depends on ion Conductivit

concentration and size cell

Not destructive




polar g 9 oxidation lella=y unit Lle lglsow &l Gapb e non polardl Jd=u

Universal

Destructive
*  Electrochemical Detectors Qualtative + quantitative
Principle:
Redox reactions occur at electrodes following From column
column

Potential cycle used to periodically
oxidize/reduce analytes at electrode

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

Electrode potential determines classes of
compounds that are detectable (similar to A in
UV detector)

electrode

l Analyte
-
L

Reference
electrode

Voltage supply/
electrometer




H

® H H a[_‘ LM
Qualitative H— C . . ( +2e{ 2
L2y S\
@Universal HPLCU detector pasciug ,'_‘ W. H Shio g J.'\
 Mass Spectrometry M !
H - 2e” | S .
f R o SRR~ LR T
Bonds in cation radicals A H ||4
begin to break (fragment
i e Magnet | &7y iy e aw), s
M+ M*y M- Bl i’ Sl N
Cation £ Cr Py 3’»—?)’1 ulanQms FAE)
" ragment 1 . 's,
radical -‘ Ions deflected "“."*P" Czo W

Lets only cation M*
to be inter

Slit

Heated
filament "\

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

m 2L e

NS
o N

N Sample

+ 3
inlet

) ) Tonizing
Organic Cat_lon electron
molecule radical beam

LCD display

R

© 2007 Thomson Higher Education

Acceleration
© r2ed & Urremized

Ol usIl © (abaly) aule abuy pasy )Bulbolall Jooxih 9 Gt b ey

lonization unit

eiosd magnet ole Olgydl jraio 9 (ol Lo lgio pud g (bl solall (o puud
236l pid] (o @l 9 badd 75 02U b Ul g gravitydl pelwl Gle
bad Gl I Olgjed! Wesin

7 i
- 4

according to m/z

P12 @ !
(8 TR W

Slit

A

Detector

Mass to charge (m/z)
ratio is measured

Molecular ion (M+)
shows molecular weight




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)

Tallest peak is base peak (100%)
Other peaks listed as the % of that peak

Peak that corresponds to the unfragmented radical cation [M]+. is parent peak

100 \/
9
; 80 — = C‘/‘\fbM&,—\b a'v-wp\,\,\,a_
2 P fam e
% 60 — ropane H-C—C—-C—H
= HoH R
5 MW = M+.
g 40 — ‘ m/: = 44 Parent peak
2
& 20
<]
- 0 I 1 | |I
| f L — T l T l T T T T
10 20 40 60 80 100 120 140

m/z ——s
® 2007 Thomson Higher Education D U' )3\
.



Determining the molecular formula
M and M+n peak :

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 and M+2) in (75.8%) /(24.2%) ratio = 35C| and

37Cl
- (M and M+2) in (50.7%) /(49.3%) ratio = 79Br and
81Br
100 -
9 _ Propane Sxwe (3x1z ) +G*) -y
= 80— T o n
8 &5, MW = M+, HHH o
o 80 =44 H-C—C—C—H
3 J e
e ] — (=]
E 20 M+1 =45
= | | From 1.1%
T o e -
40 . B

10 20

® 2007 Thomson Higher Education

60

m/z ——s

140



Determining the molecular formula

Natural abundances of Isotopes of some common elements

o Y
%‘Iajor M+ M+2

Element Isotope RA Isotope RA Isotope RA

Hydrogen 'H 100 | Pore eisl

Carbon 2C 98.9 BEC .1

Nitrogen "N 99.6 N 0.4

Oxygen ‘© 99.8 5 ©) 0.2
Fluorine CF 100 X

Sulfur 28 94.8 23S 0.8 S 4.4
Chlorine 5Cl 75.8 ¢l 242
Bromine "Br 50.7 ®Br 49.3
lodine 2 100

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*.



M+ peak: Halides

M+ and M+2 in
75.8%: 24.2% (~ 3:1)
ratio

= 35Cl and 37Cl

M+ and M+2 in
50.7%: 49.3% (~ 1:1)
ratio

= 79Br and 81Br

Rel. Abundance

Rel. Abundance

Determining the molecular formula

MASS SPECTRUM

100. z 50 (100%) |
go-{ & |
| CH3Cl 35C
60. -} —
| ®
40 = 37CI
1 A #
20 & SEcT b=
] < gy e
0 L = [// | “11
_ L } .
10 20 30 40 50 60
m/z
MASS SPECTRUM
100
_ 57 (100%)
¥
80. = Br
g€ =
60. o
40.
=F = —— RR F
o g:.-\ TR o —
20. == o% da ¢ g3
22 oz o9 58 S8
0 VAR VA 1
0 40 80 120 160

3



Relative Intensity

Determining the molecular formula

100 —
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Relative Intensity

Determining the molecu

100 —

0
o
|

»
o
|

IS
o
|

20

: Br
Br

40

MW =234

60

30

100

120 140

160

180

79Br X

7 234

200 220

//

240

236 | 79Br +
81Br

81Br X
238




Relative Intensity

Determining the molecular formula

100 - o
80—
MW = 112 35 ”2\\\$
1 Cl
60—
37
40 — 1
PRy
20—
0 "l'IllllIlllll|:||I||lll‘!'}llll'llll!ll}'lll:III;IIIIl'l'll'!!!! !'Illl;i:llll”llll'lllllllllllll; 1 =
10 20 30 40 S0 60 70 8 90 100 110

m/z



Relative Intensity

Determining the molecular formula

100 —

1

00
o
|

»
o
|

1

N
o
|

N
o
|

o
|

25

: Cl
Br

MW =190

S0

75

100

125

79Br +
37Cl
or

192 ——

81Br +
35CI

150

79Br +

38CI i

175

200

81Br +

/37@44




Relative abundance

Determining the molecular formula

100
N | Base ion
: CH,CI [
N :
50 Benzyl chloride
i 126
o Mf_p
65 M+2
7 39
_ y ‘ /
0 ..II 1ol l||l .|| I 1 il i ‘ = ll.
' | ! | ! | v | ! | ! | ' | ' | ' |
20 30 40 50 60 70 80 90 100 110 120 130

m/z



