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Definitions

Analytical Chemistry: The Science of Chemical Measurements.
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Analyte: The compound or chemical species to be measured,
separated or studied. .« sl aas shauls shall Lasil g sl ol oSsall el slpall 8l

Qualitative instrumental analysis is that measured property that
indicates presence of analyte in matrix
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Quantitative instrumental analysis is that magnitude of

measured property that is proportional to concentration of

analyte iIn matrix I dliall do 5l yluda s aSI YT Lol
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CLASSICAL AND INSTRUMENTAL METHODS

CLASSICAL:
Qualitative - identification by color, indicators, boiling points,

odors xSloylls oy lsdl bliss (Slyissally woyall Gusb e sgaml - dse gl

Quantitative - mass or volume (e.g. gravimetric, volumetric)
(axadls (3ol J2a) @aadl of &l - oSl

INSTRUMENTAL:
Qualitative- chromatography, electrophoresis and identification
by measuring physical property (e.g. spectroscopy, electrode
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(= RVE SR

Quantitative- measuring property and determining relationship

to concentration (e.g. spectrophotometry, mass

spectrometry). Often, same instrumental method used for
gualitative and quantitative analysis.
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Types of Instrumental Methods
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"~ Example methods
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Radiation Emission spectroscopy, b cbiiasiis
1 H o)l gLl 8 yawall
e L e | ©MiSSion fluorescence, ol Pl Bt
Spectroscopy | === phosphorescence, luminescence
Technique y ] i 52l galB o olozadl 2
Radlatlo_n ;t;' Absorption spectroscopy . ..t
abiorptlo& o spectrophotometry, photometry,
e B - .
i,b T e uwf;sﬂ nuclear magnetic resonance NMR
Electrical potential | Potentiometry ., ..: Jatsdl
Pl el MV=MV
wbel = | Electrical charge | Coulometry  wo.oci s )
Electrical el &l
Technique | Electrical current | Voltammetry - amperometry, |
Pl sl polarography i s L s was s
Electrical = ::: Conductometry ., ., .. ﬁ
resistance
Thermal Thermal Thermal gravimetry, calorimetry
Technique a1yl ol Slymadl Ll o 33all slymdl Sl
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Instrumental Methods
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light, UV
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Stimulus (1n matrix) Response
T N
source of energy N~ oolaglaal encoded

5.2 INfOrmation

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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DATA DOMAINS: way of encoding analytical response in electrical or non-

electrical signals.
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Interdomain conversions: transform information from one domain to another.
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. | Light Intensity >Current >Scale
Detector s

device that indicates change in environment s Ul sle

ex: UV light T'M'
device that converts non-
electrical to electrical data
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Sensor
device that detects physical,
chemical or biological properties
to electrical data
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ex : pH meteror
thermometer



Block diagram of a fluorometer el ol g
Juaadly jlad dgy S g0 A

Phototransducer />
i ; Fluorescence T | | |
flavor J! susd! g Mo Ul - / R Vv —
§ emission 1.
LZA [S¥51.5] o .
Energy source l
. Resistor W
Optical —— Digital voltmeter
Laser Tonic water > flter
- i flavor JI Jass H20 +C02 JI oo uSsiall ol Jsstay
(analyte) (a)
Information Source Fluorescence Electrical
— : —— STy | R > Voltage V > Number
. 3 : intensity &
flow intensity X current /
of analyte

(b)
Laws of Transducer Ohm’s Meter
Governed by » chemistry and transfer 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 various
data domains in the instrument, and (c) the rules governing the data domain transformations

during the measurement process.  ciosiaal g iadass s () lead lale absin (1) 2o 53001 oll5 Sland L] blasis 37 2]
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Performance Characteristics: Figures of Merit
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How to choose an analytical method? How good is measurement?
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How well a calibration curve follows a straight line?- Linearity.

saosissees How reproducible? — Precision

S48 8l dagdll )8 ca o

sl How close to true value? - Accuracy/Bias

How small a difference can be measured? — Sensitivity

daenluundl - Sawld Sy 338 320l Lo

What range of amounts? - Dynamic Range

Ssalnall 3ladl - § L)l glas sa Lo

s HOW much interference? - Selectivity 0
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* How well a calibration curve follows a straight line.
* R?(Square of the correlation coefficient)
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X: concentration
Y: response of instrument
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I FIGURES OF MERIT: PRECISION .. .

only one concentration and more repeating olelidl mean JI oo Oleldll o 3380 00

INDETERMINATE OR RANDOM ERRORS  iicisn el

instrument error only

oubd dle DlBgys b alims ddle S 13| Z (X X )2 X: response
Jouda e jlgadl (3.8l 1

Standard deviation: s =\ 1-0

Variance: s-

Relative standard deviation: RSD =

Standard deviation of mean: s, =

13



M FIGURES OF MERIT: ACCURACY - -

human or instrument error but

onIy gr!ldehconcentratlon and more mainly human error

Glesdl gl Jazall) sUas Yl asi

DETERMINATE ERRORS (operator, method, instrumental)

Bias: bias=X- X frye

L

reference Jl go Olelydll (s 338l 00
iyl yo il I
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lllustrating the difference between “accuracy” and “precision”

) accuracy : J @»83l 52 center
precision: passy ;e bladl oy
@

Low accuracy, low precision Low accuracy, high precision

High accuracy, low precision High accuracy, high precision

@@
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Probability
density

Accuracy vs Precision

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

oe ol a9 90 accuracy J!

Reference vdute/q Syall o
A

<

Accuracy

»
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+

Precision

precision JI &al)
Value
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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.

Effected by slope of calibration curve. e e o o

Bysleall o Jaay 3315 dalise Olye S 3854

m] T
Sensitivity = y=m/Ss | w;I ‘ f |

m = Slope" sensitivity J! &sl3 slope JIaly Lo JS
Ss is the standard deviation of measurement

Ja5 Ss JI @l Jls=dl geax 3 uedlg sensitivity JI 15 standard deviation JI <8 La S
(ool Gl S0l im Byleall Lisia Jeo ol LlS)

(larger slope of calibration curve m, more sensitive measurement)
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FIGURES OF MERIT: LIMIT of DETECTION (LOD)

By o wgﬂ.@}.” oSan 3845 8l

Signal must be bigger than random noise of blank

sl del) 451 gl hos,o.”uayfl Byl (oS5 ulu}.}

Minimum signal: Signal,,;, = Av. Signal {1 + KSp1ank

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

Typically 3 times the signal-to-noise LOD =3 x Standard deviation of blank/
(based on standard deviation of the or ' Slope 1ass blank
noise ~ ..
) __ LOD=3 XSb/m s P
(sl sal) gylsall Blyidl e 2ly) slogall LI 8ylal dws Blasl 3 Sale

Is this peak real?

oaxny M oilall lia

oslall sg2g (J ooy &l Ly dis sdituny Ll sy

a8 By daS J sy Lo o
3X std dev of the noise '
(baseline in a blank)
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FIGURES OF MERIT: DYNAMIC RANGE

At limit of detection we can say confidently analyte is present but
cannot perform reliable quantitation ! o0 ssrse st s ol s Joal e, 29 o e

8500 oS Ll

LOQ (limit of quantification): [lowest] at which quantitative
measurements can reliably be made. Equal to 10 x Average Signal for

blank i.e. 10Sbl. or | LoQ =10 x Standard deviation of blank/ Slope

eyl one Say (ub‘l) {(LOQ) &SIl 3>
busgio x 10 goluw 885350 duaS Olusld LOQ=1O XSb/m aeaSl) Ale @By ducusd Say 3.Sy5 181
.10Sbl éi eyl dsl) syl

Limit of linearity (LOL): when signal is no longer proportional to
concentration 555 i it 350 35553 Lasic (LOL) bl s

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

883 b8 elyx| onie Say .
(LOQ to LOL)

From limit of quantitation to limit of linearity
LOQ: 10 s of blank
LOL: 5% deviation from linear

C,,LOQ

l
I
|
l
l
|
|
l
|
l
|

Instrument response

LOL
LOQ

Dynamic range: 102 to > 10°

l
|
Vit Dynamic range ———*j
l
A 8P 1

Concentration
19
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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 = 1.72C + 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:

MNo. of

( g}m;;nm replicate I"u,fle:amnf Ealue iﬂ . yalin Gadas atiplud] oLzt ol bagusy Lo
] S v
10.0 10 11.62 0.15
1.00 10 1.12 0.025
0.000 24 0.0296 0.0082

Calculate (a) the calibration sensitivity, (b) the analytical sensitivity at 1 and
10 ppm of Pb,(c) the limit of detection limit (LOD), and ,(d) the limit of
quantification limit (LOQ)

Example Solution:

a) calibration sensitivity is the slope of the calibration curve = 1.12
b) Using y= m/Ss: at 10 ppm y=1.12/0.15=7.5at 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 Sb/ slope= 10 x 0.0082/1.12 = 0.0732
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CALIBRATION METHODS
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Basis of quantitative analysis is magnitude of measured
property is proportional to concentration of analyte

/—‘/——\} y=mx b lewsi ¢lo

Signal oc[X] or Signal =m[x]+Signaly,

Signal —Signal ;.
m

[x]=

21



CALIBRATION CURVES (WORKING or ANALYTICAL)

(el of ddasll) 8yslaall Slaoua

Dynamic Range
(8:103) g2l & o 4 A >
InStrument LOQ AN R2= |ess than 0.88
Response[™ ) T
. range acceptable Ead
(Signal) e
LOD
: Slope m
Signal; . _
_‘_.i
48,83 yu& oSy I )8 el
pecins j uﬂiiu& - [X]
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SAMPLE PROBLEM:

Analyte Concentration (ppm™) Absorbance
¥ | 0.0 (blank) (J) 0.05
0.9 0.15
2.0 0.24
3.1 0.33
4.1 0.42

23



Define Variance and Covariance:

_ 2 (¥ -%)? S/:Z(Xi—?_i)(yi -Y)
N -1 = N -1
Xx=2.02 y=0.238

(2.02% +1.12% +0.02% +1.087 +2.08*) 1 823

4
_(-2.02x-0.188)+ (—1.12x -0.088) + (—0.02 x 0.002)+...

\
Sxx

SXK =

=2.707

S

Xy — 4

- 0.9562
4

=0.23905

24




m= covariance / variance 7

S 0.23905
Slope: \m _ 2 {: —0.0883 Jmxeh
Sx 2.707

doleall b lgo gy Joaally I sl mean JI Joio

b M intercept (b) J! ebl jlic ledo Ll syl asy wayyksﬂ
Intercept: =0.238—(0.0883 x2.02) b
=0.0596

Calibration expression 1s

Absorbance=0.0883|Analyte (ppm)]|+0.0596

25




Calibration Techniques
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== Calibration Techniques
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e 1. External Calibration Curve Method

(matrix) wu=ll SUgSe (o 548 330 a9 Yo abJas il (65T Lanie

e 2. Standard Additions Method «wesesws .

Loyl Jo aseell Sle matrix J1 5385 Loaze

* 3. Internal Standard Method e

sl LS add ol (A?_x” L:,_9 O
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External Calibration Curve Method

4l adgyhall (g g Bxall oo €Y 3535
large samples s
small number of samples 42 45l adyyhall Ll

1. Most convenient when a large number of
similar samples are to be analyzed.

g laall Oliall o 4 sae Julod e dacdla 4531 )

2. Most common technique. s

3. Facilitates calculation of Figures of Merit.

Bylasdl a8yl Glus Jgus 3
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External Calibration Curve
Procedure

. Prepare a series of standard solutions (analyte
solutions with known concentrations).

(28 9x20 351y Ll sl 3all Balall Lloa) dwsldll Jdlonall o dlidis yoias ]

. Plot [analyte] vs. Analytical Signal.

ol Bylayl lie (lekdss slsall Salall) pasyl 2

. Use signal for unknown to find [analyte].

el slyall Balall 318435 slowyd dogaeall Bslall 8Lyl sluseial |3
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Example: Pb in Blood by GFAAS

[Pb] Signal
(Ppb) | (MADs)
0.50 3.76
1.50 9.16
2.50 15.03
3.50 20.42
4.50 25.33
5.50 31.87

Results of linear regression:
S=mCz=hb

m = 5.56 mADbs/ppb

b =0.93 mADbs (%

Uolaall allaig agallss Lalss Joia
oxiln dgnlod] Y o pgallas LSl laSs
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mAbs

35

30

25 -

20

15 -

10 -

y = 5.56x + 0.93

1 2 3
Pb Concentration (ppb)
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L~ Caleulate the LOD for Pb

20 blank measurements gives an average signal
0.92 mAbs
with a standard deviation (Sb) of
o, = 0.36 mAbs
LOD =3 Sh/m =3 x 0.36 mAbs / 5.56 mAbs/ppb

LOD =0.2 ppb

32



Find the LOL for Pb

Xy J LOD JI Lisws

Lower end = LOD = 0.2 ppb
(include this point on the calibration curve)

S op =95.56 x0.2 +0.93 =2.0 mAbs

(0.2 ppb (X) , 2.0 mAbs (Y))

33
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T %5 o0 51 5,80 B Find the LOL for Pbyw@wﬁw}ﬁs)ﬂmmw&;ﬁ

Lol PLAJ dSg dgda ML‘B 0.88 (o el wds 131, R2
=7 ombspn 0548 0.88 oo S5l sl 0l Lias 1l
LOL JI aasd Byan lgils o9 angdll

[/

U el da Bl O gy g Jlgally dasy (i Walaleld I Dlglasdly dalaall 2k e Lylai response (Y) J! wewaag Juliy el 3530 Joloall ooy agladl 2
Josia yie 968 %5 o Slel (S 131 Lal Joiia 588 %5 oo 81131 %5 (o Slel ol %5 o S8l 00 Ja §3a)l Boad Lay paamy o ¢ 3leadly bina calbs

Upper end = collect points beyond the linear region
and estimate the 95% point.

%95 dhaii yyadig dasdl dlaiall zyls bladl pas = LLell asll
Suppose a standard containing 18.5 ppb gives rise
to s signal of (Y practical= 98.52 mAbs)
(polaal Lo 98.52 = dlasll Y) Bylal Lhasd (oddl B 232 18.5 Lle goumn I3lino ol o)

This is approximately 5% below the expected value
of (Y theoretical=103.71 mAbs) o pin

103.71 = 4yl Y) de8guall
(mAbs

(18.50 ppb , 98.52 mAbs)

% difference= | difference| / the bigger value x100%

1103.71-98.52| /103.71 x100% =5%
34



dbshcall 530 Jolad) Gl LY )b

Standard Addition Method
Reduce matrix effect

1. Most convenient when a small number of
samples are to be analyzed. .

Ol o S48

2. Useful when the analyte is present in a
complicated matrix and no ideal blank is

available. ke i g e ot s o b 2

Lyl Jza aienll e matrix J! 5385 laaze
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Standard Addition Procedure

Add one or more increments of a standard

solution to sample aliquots of the same size. Each
mixture_is then diluted to the same volume.

aadl s ] bagds S @ass azy @f ezl dgluce Slue | wld Jola o 48T ol 8aslg 8345 w@sl 1

Prepare a plot of Analytical Signal versus:
a) volume of standard solution added, or
b) concentration of analyte added. e ol il e sy sy 3.2

of wblaall Ll Jolall @z (i
8Laall gldos s1yall Balall 3855 (@
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Standard Addition Procedure

3. The x-intercept of the standard addition plot
corresponds to the amount of analyte that must

have been present in the sample (after accounting
for dilution).

3lall Bolall deaS 2o dpnldll LYl i) el yoomall 2bolad 8819 3
(isisdl Blelya smy) drll B Bagarga 5SS ol Gy il gl

4. The standard addition method assumes:

a) the curveis linear over the concentration range
b) the y-intercept of a calibration curve would be O

ok o Gl 8 DO B 2335 4
355l gso e o imall ol ;
0 &5 ylaall sioa) gslall jomall ebolas ol (o
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Calculation of standard addition

Signal

Cx = bCs/mVy

< Where:
Ng

Cx 9 Vx = Js@:mﬂ J_gl.)m” @>>9 1Sy

Cx and Vx = the concentration and the volume of
Valuma of standard added u nkann

Cs and Vs = the concentration and the volume of
added standard

38



Example: Fe in Drinking Water

Sample | Standard
Volume | Volume
(mL) (mL) |Signal (V)

10 0 0.215
10 5 0.424
10 10 0.685
10 15 0.826
10 20 0.967

The concentration of
the Fe standard
solution is 11.1 ppm

All solutions are

diluted to a final
volume of 50 mL

39



- | We | ‘F'l&"&l‘ SAMSUNG 'l\)/le;noNo
e ate / /"'*'*"
&2
Fe iw al\’m\l\n} Woc\vr (SJ( ‘{Jmc/ |

[ " 0(||’ (J,\)

(J lB S\H V_ig (3 igw)

Standoed R
l}‘i‘_‘Q" e [ ve e
oTm .

5\;75’: s e l 1o

% SlranotmchT o ?re(’qr@[
X Sam_?‘ﬁ W s taken op grom \fo‘un-\—w

£ Standar ¥ s
¥ Seawmg¢le U
X A w
Lut he onld B . 2
Evers tro should b e amalyel

MJJ,MJ/
P ke dhe esponse ($)
% Standad b o the(l)

1S C.Onstaw i1

wa R e

'mc,rﬁAs‘mB_ at the next ﬂmk ‘

d

Memo No
Date / /

SAMSUNG

/ *‘fron the qucu[aff/‘ 2
| e 191

| AS the indercept = - 2422 ()
| B2 the Slofe = 0.02212 (m)

|
f
!
1

O-02 /4R B e 620

2 )

o X e
= 22512 + 0.2427
N B2
ML B - \/su,l;letcl

B (.2< (11.1)
FE:1 - == R{w
e it




Signal (V)

1.2 «

Volume of standard added (mL)

25
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[Fe] =

x-intercept = -6.08 mL
Therefore, 10 mL of sample diluted to 50 mL would
give a signal equivalent to 6.08 mL of standard
diluted to 50 mL.
Vsam X [Fe]sam = Vstd X [Fe]std

10.0 mL x [Fe] =6.08 mL x 11.1 ppm

[Fe] = 6.75 ppm
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Internal Standard Method
Reduce matrix and instrument effects

Most convenient when variations in analytical
sample size, position, or matrix limit the
precision of a technique.

May correct for certain types of noise.

o> L,% SBMs A aod Lonie daeMa 3281 N
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Internal Standard Procedure

gy go JlJl 9o WS (A) dulidodl 33lal) dealdll Llwall (yo deganna slac) )
Jola JS I (B) 0B g65 oy 4l d4aS el (Slg byyleall ioia

1. Prepare a set of standard solutions for analyte (A) as
with the calibration curve method, but add a constant

amount of a second species (B) to each solution.

2. Prepare a plot of S,/S; versus [A]. (e sa/sns ot eos el

3. External calibration equation
dumy Bl B ysleall Waleo ¥ SA/SB - mC + b
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Notes

1. The resulting measurement will be
independent of sample size and position.

Lge8g0g el p> e dldian Aol Ol @l oSiuw

2. Species A & B must not produce signals that
interfere with each other. Usually they are
separated by wavelength or time.

lgass po 1o Olylias]l By A ¢ 1o e 3l cooy Y
Bl ol > sall Johl o> lglad @z L Bale . a2l
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Example: Pb by ICP Emission

Each Pb solution contains  matrixue st cis o jasn s joa

73 3leadl asll bass s Cu JI oo 1 Jlaallyg

100 ppm Cu. oliss Cu B 4plls pb ) oas el ivhasy

CuJl e pb J! el 538 yaass albol

Signal
[Pb] 100 ppm
X (ppm) Pb Cu Pb/Cu )/
20 112 1347 0.083
40 243 1527 0.159
60 326 1383 0.236
80 355 1135 0.313
100 558 1440 0.388
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asymmetrical

A

ICP Emission Signal (mV)

Slelsally clasd Q_e &lga asymmetrical souall 41813l peak JIas g L lg agy ylall
1600 A
Cu
1200 -
800 -
Pb
400 A
216.0 216.5 217.0 217.5

Wavelength (nm)



0.450

0.400 -

0.350 -

o
W
=]
=)

Pb Emission Signal

0.100 -

0.050 -

0.000

Internal Standard Correction

0.250

0.200 -

0.150

Spp /Sc, = 0.0038x + 0.0066
R2=1

I8 Lo Yo mcb Jaddl JaSang

20 40 60 80
[Pb] (ppm)

100

120
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Results for an unknown sample after adding

100 ppm Cu
o Signal
s mimememse | Run Pb Cu Pb/Cu
ST e 43S Lglass g2 35 7y
e 1 346 1426 0.243
Ko tlions 2 297 1229 0.242
3 328 1366 0.240
4 331 1371 0.241
5 324 1356 0.239
mean 325 1350 0.241

0.241 =0.0038 X + 0.0066
X=61.684 ppm of Pb



Another way for Internal Standard method
calculation

* In a single-point internal standardization, we prepare a single

standard containing the analyte and the internal standard and
use it to determine the value of K.

slacly poil Aasil] dsle] L5101 Byleall B

\ ' ' slemally gl slyall Balall Lle gz 1oty ylao
Kaad cuwsig standard due soon Ll ooy C_ ~ S K dad syassd ;Mg e
s lamzaly sysamse o oilal lia M5 e L) X — 15 A ’
K aasd Lo omn dalodl Lgldod slsall areall :gilal! >< Feprea
st ol gl yating Lol axsll opo Labialls VI C 5
53 L A S sd IS S std

* Where, CA is the standard concentration of the analyte,&
instrument response of analyte, CIS, and SIS the are the

concentration and the response of internal added compound,
respectively.

A1l e (BLaall 151l Ssall iy 5557 Lo SIS CISs el



ex: A sixth spcctroghommctric method for the quantitative analysis of Pb%* in
blood uses Cu™" as an internal standard. A standard containing 1.75 ppb

Pb?* and 2.25 ppb Ca* yields a ratio of (5,/5ig)q of 2.37. A sample of

blood is spikccl with the same concentration of Cu?*, giving a signal ratio,

(SA/SIS)samp
of blood.

SOLUTION allows us to calculate the value of K using the data for the
standard

. of 1.80. Determine the concentration of Pb%* in the sample

Pb 1 5555 allai ol il anall s il 4l oyn Libse @

Kz(&) x(i) = ZBPPhCU ) 37 - 3 5PN
td d

C,J. Ly B .75 ppb Pb** ppb Pb™"
The concentration of Pb?*, therefore, is YB&Z
' 2+
Cﬁz%x(i) =2'25F’Pbc‘;x1.80=1.33ppb'
IS / samp 3 ' OSpr Cu

ppb Pb**
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