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INTRODUCTION TO INSTRUMENTAL
ANALYSIS
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CLASSICAL AND INSTRUMENTAL METHODS

cLassicaL:  [y<t imPression
\ Qualitative |dentlflcatlon bycolor, indicators, boiling points,

W 35 indet ) 205 B2L4Y %%SMU%\L

Quantitative - mass or volume (e. g. gravnRetrlc volumetrit)

)% INSTRUMENTAL: Q70N
Qualitative- chromatography, electrophoresis and identification

by measuring physical property (e. g*spectrosco py, electrode
potential) s, ;1
S B ez pmiplendms bt ons

J__Quantltatlve- measuring property and determining relationship
to concentratio (e.g. spectrophotometry, mass

- # spectrometry). en, same instrumental method used for
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qualitative and quantitative analysis.
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Example methods

Types of Instrumental Methods

Raqiat_ion Emission spectroscopy,
Z% emission fluorescence,
< roscopy phosphorescence, luminescence
Techni TR
€ n'que//kadlatlon Absorption spectroscopy
absorption spectrophotometry, photometry,
nuclear magnetic resonance NMR
Electrical potential | Potentiometry J
Electrical charge | Coulometry j
Electrical
Technique | Electrical current | Voltammetry - amperometry,
-b 7 S polarography
= \5& Electrical Conductometry J
_| resistance——
Thermal | Thermal Thermal gravimetry, calorimetry J
5| Technique
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Block diagram for the overall process of instrumental measurement.

Example: spectrophotometry
Instrument: spectrophotometer
Stimulus: monochromatic light energy
Analytical response: light absorption
Transducer: photocell

Data: electrical current

Data processor: current meter

Readout: meter scale
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TA DOMAINS: way of encodmg a
electnc ngnals

Interdomain conversjons: transform mform

o &m () J o

nalytical response in electrical orn
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ation frq Ene domaln to another.

¥ : Current Met
' Q,\ 4—Light Intensxty——LwL)Cunent e »Scale
l’b \” 09 'CSWQQ Detector
fep} device that indicates ¢ ange in environment

Transducer
device that converts non-
electrical to electrical data
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Sensor
device that detects physical,

to electrical data

chemical or biological properties:
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Encrgy source

Optical Resistor Digital voltmeter
Laser Tonic water filter ). L- 10 s
(analyte) (u)f\._f;l | p

p =0

o] LN o . ! ! 5
Information e Source - ’ Fluorescence Electrical OLD/ (.(- q

5 7 i ity Voliage V Number
flow intensity intensity Pl 8 Y

of analyte bg&cﬁ*j@ \
(b) ; "J-o\ = =,
Laws of Transducer Ohm’s Mcter " .

Governed by chemistry and transfer law transfer " j \
physics function V=IR function
- -

FIGURE 1-3 A block diagram of a fluorometer showing (a) a general diagram of the
instrument, (b) a diagrammatic representation of the flow of information through various
data domains in the instrument, and (c) the rules governing the data domain transformations

during the measurement process. 8
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Performance Characteristics: Figures of Merit

How to choose an analytical methad? How 00d is measuremen

How reproducible? — PreciSion

How close to true value? - ccuracv/BiQ

p
How small a difference can be measured? — Sensitivity

What range of amounts? - Dynamic Range

How much interference? - Selectivity
_——

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

FIGURES OF MER\ Lmeanty

ggﬁlgfﬁwj \AMIM(QMéqusoﬁjj SIRVISES 2

on curve follows a straight line.

* How well a calibra

@me- %) - I
(x; —x)ZZ(y —)*

S el [ 0.8 @ﬁg@)[uﬁ&&

Gpoop Clilyrc0-88 Ry EALI* oy fliza§aDL

11

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

\SJL'JC_\_L 3o

YEERLS T
PR et
LR ¢ SR

N O P SRt
el
ot Viob o

Qﬁﬁwﬁg@@¢wéh* ke

,@.eﬂe

% (enenkabon = X.

Nl 25 0.1 _Ppm
| G2 PPm

X =Y

Glo s <03 PP

X2 — Y

Ks—éqg

)lé&iu, '\.Jl
Q\M—Ji ’ o,d 5

( xl'l:b)

(s o

[ %4)
e

PRENKO

Scanned with CamScanner



https://digital-camscanner.onelink.me/P3GL/g26ffx3k

/ R = 1o

IO R v

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

A (G)) osd

\J

mectt, ( X) d‘r-“

(\5\»\ < Relative standard deviation: RSD =

M

F

10/11/2022

—— FIGURES OF MERIT:

\

— /
INDETERMINATE OR RANDOM i:'ﬁ”Rd-1 ASW

PRECISION ;1) el bfuen Hhe

ame @nt. mgzﬁl@ n

1=N

-
|

/ (Xi - X)Z
. Standard deviation: =112 —
s o D D (&_}) N-1
Variance: s>

| w

)
s Standard deviation of mean: s, =

.
VN

Illarf Wime of ol
oo

13

Scanned with CamScanner

twad


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

T RS e

'"F'féURE§ OF MERIT: ACCURACY

DETERMINATE ERRORS (operator, method, instrumental)

Bias: bias =X —X .
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lllustrating the difference between “accuracy” and “precision”
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Low accuracy, high precision

Low accuracy, low precision

ZOMNO

High accuracy, low precision High accuracy, high precision
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'Probability
density

Accuracy vs Precision
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Sensitivity = y= m/ss
m = slope;
Ss is the standard deviation of measurement

(larger slopi‘c:;calibration curve m, more sensitive measurement)
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IGURES OF MERIT:LIMIT of DETECTION (LOD)

Signal must be bigger than random noise of blank &= V| -

Minimum signal: Signal,;, = Av. Signal yjau + KSpiank

From stzmsncs k Jor more (at 95% confidence level)

Typically 3 times the signal-to-noise
(based on standard deviation of the

osvo,\s\

or

LOD #3 x Standard deviation of blank/
Slope

A_f 29 66509%7/

noise) LOD=3 xSb/ m
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FIGURES OF.MERIT: DYNAMIC RANGEJ}

At limit of detection we can say confidently analyte is present

cannot perform reliable guantitation

00z uﬁﬁ of quantification):
measurementscanreli

blank i.e. 10Sbl. or

LOQ=10 xSb/m

but

—

west] at which quantitative
& made. Equal to 10 x Average Signal for

LoQ Em x Standard deviation of blank/ Slope

Limit of linearity (LOL): when signal is no longer proportional to
concentration

Dynamic range: the maximum range over which an accurate
measurement can be made

From limit of quantitation to limit of linearity

LOQ: 10 s of blank
LOL: 5% deviation from linear

Dynamic range: LOL

LOQ

10% 0> 108
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