INTRODUCTION TO INSTRUMENTAL
ANALYSIS
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OUTLINE:

Classification of Analytical Methods
Types of Instrumental Methods
Instruments for Analysis ;
Selecting an Analytical Method

Calibration of an Instrumental Methods




Analytical Chemistry: The Scienc

Analyte: The compound or chemical species to be measured,
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Qualitative instrumental analysis is that measured property that

indicates presence of analyte in matrix $$=Cuel\ £ 3 aps \ ala

Quantitative instrumental analysis is that magnitude of
measured property that is proportional to concentration of

analyte in matrix S%Q’C-:ﬁ_l\ =< Vé

CLASSICAL AND INSTRUMENTAL METHODS

CLASSICAL:

Qualitative - identification by color, indicators, boiling points,
0dors

Quantitative - mass or volume (e.g. gravimetric, volumetric)

INSTRUMENTAL: —> “wbts /201 0. (e aozeamo \a
Qualitative- chromatography, eTectrophoresis and idéntification

by measuring physical property (e.g. spectroscopy, electrode
potential)

Quantitative- measuring property and determining relationship

to concentration (e.g. spectrophotometry, mass

spectrometry). Often, same instrumental method used for
qualitative and quantitative analysis.
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Example methods

Radiation Emission spectroscopy,
emission fluorescence,
Spectroscopy phosphorescence, luminescence
Technique | padiation Absorption spectroscopy
absorption spectrophotometry, photometry,
nuclear magnetic resonance NMR

Electrical potential | Potentiometry

| Electrical charge | Coulometry

Electrical
Technique | Electrical current | Voltammetry - amperometry,
| ; polarography
| Electrical Conductometry e
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Block diagram for the overall process of mstrumentaLl;neasurement .y -

Example: spectrophotometry l L

Instrument: spectrophotometer -5""1"‘/‘ V ‘}")-’ 'E"-“\‘"Ej_-U
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DATA DOMAINS: way of encoding analytical response in electrical or non-

electrical signals.

: : domain to another.
Interdomain conversions: transform information from one
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b . 3“' ! Detector

device that indicates change in environment

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

chemical or biological properties
to electrical datap

Jl;ru_a c)&tu \'h(l"rﬂnmt_*tf %Le"dj'

5| J g2 T phototra@di€e) 2 o115 o o | I
Fluorescence '
ey s ALl g ) & 1 o,
emission o
(Cf) Lsh{—-’ /Lu.)J l‘l‘lLl“ V source 3 1
I‘ 1
- — 2 L A i 1] . Resistor .
S e o~ . Optical Digital voltmeter
- “"... e el filter
[ 4 O o |aser [onic waler
et =0 i ) (analyte) (4)
GN{?/"_'L‘JI
A 4:’..195_3,_- /bt e R e o e Pl . y !
<> u 529 . ‘ Flauorescence . .
— _ﬁ l"- rn.]‘”%" [ i“* "}{IIITL‘L' o - ; ‘._-r B N I‘ZIIL'L"I“L'HI V I ' ® lr’ S E—— N L |
> = intensiy ™1 Vollage umber
v’w/,q,! J low intensity f an II}'{'L current / )
OF ani -
malcul ey ~ - " {lgaty SR » [/ |
é—-ﬂ-d..- ‘
4 (S vl | ¢' | (h)
> fic“"ff" o
luton .
o J,L l.aws of Transducer Ohm s Meter
Governed by e ChemMistry and transter law transfer
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 var_rous
data domains in the instrument, and (c) the rules governing the data domain transformations

during the measurement process. 8




Figures of Merit

Performance Characteristics: Figures of Merit"
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How to ch®ose an analytical method? How good is measurement?

How well a calibration curve follows a straight line?- Linearity.
How reproducible? — Precision
How close to true value? - Accuracy/Bias

How small a difference can be measured? — Sensitivity

What range of amounts? - Dynamic Range

How much inte‘rference? - Selectivity i




(¥ (x; — %) (y; — ?)]2
Z(x | x)Z Z(yl

frefare 7 \
5+"'”a’¢t’"==\ Seol.
at leas}

: ConC. l"r_SPb 4| tﬁ : :
M g dodn lppm=mg/L
|

13

=, LM\ Q\_,I)g_n:.j, L,d_g,#

~ = 0.904

r-=0.0526

%@%}4‘)1%,\) [Lij\”""“““' L
J\.(_ﬂla.)LyiyJ’)X.J'cf—- 12




_ Jci-"é;/-)]&u v sal RSP &
OF MERIT PRECISION (B2l Sia )

1=N
2 -y
2 (X = X)" felahive sturellies
‘-'*:__'j"f\-‘-‘“ deViakian
M‘ ’“"‘“C-"‘_J Xfﬂ
LIS(CL-W 1@7—’10-1'-0
=L ds "j«-" wL

U"‘f—’_—'f, RSpl ) / Relative standard deviation: RSD = -g’f/”L' dSs 25 Le2d
‘:’__(,_,(_S s iprcn s.@!d-...v(\_./],

! loliess ge ,. ,ﬂ LUF‘G{JOGJL’ dﬁ__,
/ [’-5‘_9—‘:' _ Standard deviation of mean: s.. — == s

So |l-«‘\‘\mﬂ __J\(y-.a_.\) ‘:’Q..J..-.e,. r\b\)\ r:)_,)\

(eeres Sclsmean ) 2Ll doy Ty q ¥ c.ch-“a»x IRV
)ﬁ(“"-‘LMJ‘w’(OJu,M“:oAu‘ 1 Mea’s

mean i plle. "-"'\\\ﬂl-(nﬁmu_._,

PI"CCISIG_))

DETERMINATE ERRORS (operator, method, instrumental)

P i

Bias: bias =X —-—x. ) et e
@ - (eherences) \

c2slldgle)| MUV IL allar, 55U CoAppm an s Vs
(PMVMCGP’G_/L bua)cz‘s_(‘—J\ (S (c?rerena_d‘u YJL V/LnJI

atturacy <= reference | [« £\s) 2y .

L Frue J mean | 5\




Cenkelr => leC.“YaCj

yﬂ and ”prec:s:on

p—C-I-JV—DC/—_‘J“

MGt e et e S '

on
Low accuracy, high precisi
Low accuracy, low precision

. ©

ngh BCCUFBCV, low Rremsu:n High accuracy, high precision

= -

e pe mﬂo%F’6513f°G)b¢u\ufcﬁ JLS—'I";:»"Z-’/L‘"’ %
a\C(uﬁlj)LU&_Jg (FW“W’C#{@J”(PMCSMJ&“) p&ua.—l(m.n.)\ 15
tePerence) | so W/wwé Cenfelr ) e P50 Caoe L

q‘sf_Jlo—‘Of—u(/Li

Accuracy vs Precision

(a) (b) {c) (d)

Reference value

Probability Accuracy

density N g

o - » Value

Precision 16

Indicat

concent
betweer




vﬁ

FIGURES OF MERIT: SENSITIVITY

Indicates the response of the instrument to changes in analyte
concentration or a measure of a method'’s ability to distinguish
between small differences in concentration in different samples.
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(larger slope of calibration curve m, more sensitive measurement)
%}lapc JLC)""'L:: SC"\.S|.+IUIBJ‘ pos
‘(q15€C 3 Skra tjh\-_)_.o s\epe !

x \ ,,..‘H‘r-l f " e i '

s 5\h metuab)| o S2u8rs 12 15 glles o
W : ‘L

C/u’)"rqﬂk_-)\cu’icw_ : | - -Mofe SCh\ T 5

FIGURES OF MERIT: LIMIT of DETECTION (LOD)

Minimum signal: Signal .. = Av. Signal . + KSpiank

From statistics k=3 or more (at 95% contidence level)

| Typically 3 times the signal-to-noise 3 x Standard deviation of blank/
| (based on standard deviation of the ot Slope
s LOD=3 xSb/m
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FIGURES OF MERIT: DYNAMIC RANGE

At limit of detection we can say confidently analyte s present but

cannot perform reliable quantitation | i
L - ich guantitative
L0Q (limit of quantification): [lowest] at wh G

measurements can reliably be made. Fqual to 10 X Average Signal for

blank i.e. 10Sbl. or 410Q3}-10 x Standard deviation of blank/ Slope
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Dynamic range: the maximum range over which an accurate
measurement can be made —— |

Limit of linearity LQL) when si

bang ca
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From limit of quantitation to limit of linearity
LOQ: 10 s of blank
LOL: 5% deviation from linear
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Example:
An analysis of the calibration data for the determination of lead based upon its

flame emission spectrum yielded an equation: S = 71.72C + 0.312 where C is the
Pb concn in ppm and S is a measure of the relative emission intensity. The

following replicate data were obtained: = o 3 ) M
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Calculate (a) the cahbratlon sensmwty_, b) the i itivi nd -
jg_npm_oi_ﬂg(c) the limit of detection limit (LOD), and ,(d)_the limit of
~quantification limit (LOQ) T S mslefe
‘er ! ; at lmiy ¢ D
a) calibration sensitivity is the slope of the calibration curve = 1.12 cenc.
D) Using y= m/Ss: at 10 ppm y=1.12/0.15=7.5 at 1 ppm

Y=1.12/0.025 = 45
c) LOD= 3 x Sb/ slope= 3 x 0.0082/1.12 = 0.0219
d) LOQ= 10 x Sh/ slope= 10 x 0.0082/1.12 = 0.0732
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