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INTRODUCTION TO INSTRUMENTAL
ANALYSIS



OUTLINE:

Classification of Analytical Methods
Types of Instrumental Methods
Instruments for Analysis

Selecting an Analytical Method

Calibration of an Instrumental Methods
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Definitions

Analytical Chemistry: The Science of Chemical Measurements.
titrationJLs indicatorJ/ alaidicl (5 chemicalJ/

unknown//

Analyte: The compound or chemical species to be measured,
separated or studied.

g9l (ode S y2ill qama Bagagll Bulll gl 9 w9290 Hlo acidyl Ja
@) Qualitative instrumental analysis is that measured property that
indicates presence of analyte in matrix

S

@ Quantitative instrumental analysis is that magnitude of
measured property that is proportional to concentration of
analyte in matrix




CLASSICAL AND INSTRUMENTAL METHODS
3 ¢aYl Wd3Ne Lgdl Lo classicalJ/**

CLASSICAL: : | geadiiu | gals analytical chemistryJl caand Gl basics!
Qualitative - identification by color, indicators, boiling points,

odors

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

MWis powder 1)
INSTRUMENTAL:
Qualitative- chromatography, electrophoresis and identification
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.




Identification by color
wde Jas @, Y1 Y copper sulfate s, L 4 U yaa @) dagd sy Gls 131 Mas
copper 19

agm ol suidis acid base titrationJbs agosadicis oUI (5 indicator

physical property s boiling pointJ/
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Example methods

Types of Instrumental Methods

Source:

Spectroscopy
Technique
£ 9 AdAiiuy

Radiation Emission spectroscopy, — ¢SceN<&
emission fluorescence,

phosphorescence, luminescence
Radiation Absorption spectroscopy
absorption spectrophotometry, photometry,

nuclear magnetic resonance NMR

Electrical potential

Potentiometry

Electrical charge Coulometry

Electrical

Technique | Electrical current | Voltammetry - amperometry,

agall ole saiay polarography
Glall gf oSl <l

7 ﬁhﬁ, Electrical Conductometry
resistance

Thermal Thermal Thermal gravimetry, calorimetry

Technique




daasdl 9 ¥yl gt gf daieadall (o ds gaans (9stia cuvette Jb () 9sis daasdl g ¢ g auddicws spectroscopy!
transparent (,s<s cuvetteJ/ g2 Ul containerJl sla g sin a2 unknown+solventl o Lgad U
Wio Jichs dage ) ol Ll G ddarienl £ ol £ 9l 9 £ gl 9 (oLl Al jauns salio § Sl
2l Lelsb UV 22 g0

o w2 bl Jolall (a8 da g0 (b gl Jgud Liaal 131 .. VAY-YA+ oo gl Lglgb visible/ Laiss Yo =Yoo
13 Glayl Gl f .. Glbuadl laade Caaas g VALY Y Yo (Yoo Mo dangl) Jlob¥ Liady 9 VAL J Yoo
s daagll JI gl (sla Calay)y 131 S ¢ guddl aiatiy ollf o8 1add sl .. ¢ 9 adans Lo solvent Lol
s Wis Jadd ual g a9 Job LA Sulll Gl 7)) Lellal (sus (ol 3ulk) 9 solvent]) 4ad oUf sInyl
LD (o Btk yel jals 0+ (ool Jghal

C§iSe oSy 9 Sull) ety Ul g ghl Joskall Caalls Ls uxs pharmacopoeiale 7 9 490U dacunlly
dals S (g ady sal § e 90 Job s (oa2a fingerprint Ll Sollf 4ay Lgaaa ol gdf 9 daa gl JI gbo¥
FSAY Sy Balll £ 93 Gdye Lo wyae 9 o e 90 Jobo Lgd

3olo JS 9 gedlls L 9l gll S 9 s el S Balk) 9 Bull) (sle LaSlow gudll (1553 (o1 9Y ) 8 glail (paay
qualitative 3 glasdll sla (nas o g0 Job o2 fingerprint Ll polaiol Lgd yaas

Jisky/ das LI monochromatory! jlgadl &b (s 8alll yas 45 S el (saa quantitative dualull 5 glasdl
(o Eage V1t Siyo (B (oelad Hnall 00 v I (an ypaa 9 JIghl I J9aa JS sayiw 4alia VAL J Yoo (o daasl
s iﬁh ks s | 90 Al Ty Lgad Bule S Walld WUl 4ulsd Sung (oA § yiogals 0 eI

\toe 380 e E

i

i

i .

‘ K W~ 200-370 s?"i‘,‘ . -': o
e

Vishlx - 380-FZ0n~—

@ 200380 loo =4 R %
@:al |




Gk (s phyl as gt U Ph meterJl g2 dals gl electrical technique!
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Instrumental Methods

Energy ‘Analyte\ > Analytical s

Stimulus In matrix Response

encoded
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




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

Interdomain conversions: transform information from one domain to another.

: : Photocell Current Meter
Light Intensity >Current >Scale
Detector
device that indicates change in environment

/ )\

Transducer Sensor
device that converts non- device that detects physical,
electrical to electrical data chemical or biological properties
to electrical data




Block diagram of a fluorometer

Phototransducer
Fluorescence T | ' |
s /& R %4 —
emission l ° l
Energy source

Laser Tonic water
(analyte) (a)
Information Source Eliorescence Electrical
i o i ~=> intensity ? > Voltage V > Number
flow intensity i 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. 3
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Figures of Merit
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Performance Characteristics: Figures of Merit

How to choose an analytical method? How good is measurement?

%)
How well a calibration curve follows a straight line?- Linearity.
D
How reproducible? — Precision
b :
How close to true value? - Accuracy/Bias
)
How small a difference can be measured? — Sensitivity

%)
What range of amounts? - Dynamic Range
6)

How much interference? - Selectivity 10



 How well a calibration curve follows a straight line.
* R?(Square of the correlation coefficient)

,  RGi =0 —y)]°

= 2(x; —x)2 X (yi —¥)*?

S Jsdiy Jlga dulaicnl sl sl 58,8 G 131 Ja iay

11



accept 4sladicul (Say method L5 0.88 (1o s r4ls 131 94 o Ulf linear s yill go Jigadl dulaicl cils 13
aal 9 (s 9keus (5 953 optimum linearityJ! g reject dalasicul (Say ¥ methodJLs 0.88 (e J8I (ls 131 g

Response
RPENI RS

Accept

r>=1.000 = =0.991 r= = 0.904

Salll jas,5
Concentration_ ‘.

0.0526

. )
|

2 =0.821 l 2 =0.493

12



S FIGURES OF MERIT: PRECISION

0953 JalB ageli mean ! (e Wapadl asd aay CilS § Ak JS Angall udl & pda Gty § 3850 O pda IR

INDETERMINATE OR RANDOM ERRORS &89 9 slias slead
1=N )
X (x;-%)
‘Standard deviation: s =V 1-0
N-1
Variance: s>
. . S
Relative standard deviation: RSD =—
X

Standard deviation of mean: s, =

13



DETERMINATE ERRORS (operator, method, instrumental)

Bias: bias =X —X e

4s il (30 (sla reference o 4isylo g all meanyl Gadl § 50 (3o YIS| dGas § aalg 38,58 Cpda B oang

G280 slgadl (s Juld true valuel 9 &ilsl a1 (ns @801 Gl Lals

14



parameters 2 sals (192

lllustrating the difference between “accuracy” and “precision”

i)

Low accuracy, low precision

High accuracy, low precision High accuracy, high precision

@

Low accuracy, high precision

@®

accuracyJl g2 lacugll o8 b s g
precision]! g (a2 (e LA sy

15



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.

Sl dglavical
Sensitivity = y=m/Ss

m = slope;

Ss is the standard deviation of measurement

(larger slope of calibration curve m, more sensitive measurement)

16



Probability
density

Accuracy vs Precision

(a) (b) (©) (d)

A

Reference value

Accuracy
n >

<

>

Precision

*» Value
17



FIGURES OF MERIT: LIMIT of DETECTION (LOD)

Signal must be bigger than random noise of blank

Minimum signal: Signal ;, = Av. Signal . + KSplank

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
notse) LOD=3 xSb/m

Is this peak real?

3X std dev of the noise
(baseline in a blank)

18



FIGURES OF MERIT: DYNAMIC RANGE

At limit of detection we can say confidently analyte is present but
cannot perform reliable quantitation

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
LOQ=10 xSb/m

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 TR

£

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

Instrument response

|
|
|
|
|
|
|
|
|
|
|

I

. [
Dynamic range: 102 to >10° [
|

Dynamic range ——={
|
|

Concentration
19

LOQ




Example:

An analysis of the calibration data for the determlngfb n of lead based upon its
flame emission spectrum yielded an equation: ¥S =7.12C + 0.312 where Cis the
Pb concn in ppm and S is a measure of the relative emission intensity. The
following replicate data were obtained:

No. of

Concn . Mean value Std.

(C), ppm repl;cate of S dev.
10.0 10 11.62 0.15
1.00 10 1.12 0.025 |
0.000 24 0.0296 0.0082 |

Blank just solvent

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

20



FIGURES OF MERIT: LIMIT of DETECTION (LOD)
Signal must be bigger than random noise of blank

Minimum signal: Signal min = AV. Signal blank T ksblank

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 Q‘_ Jb \
noise - A\
) LOD=3 xSu/m Ay
Is this peakreal? Standard deviation of blank Slope

Was el Hlgall 9l methodyl (Sas 3us 3 J3I 94 LODY

3X std dev of the noise
(baseline in a blank)

18 4



FIGURES OF MERIT: DYNAMIC RANGE

At limit of detection we can say confidently analyte is present but
cannot perform reliable quantitation

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
LOQ=10 xSb/m

S5 e
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 oL 7
Julailly saisy ol 94 LOQYS

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

Instrument response

|
|
|
|
|
|
|
|
[
|
|

C,,LOQ
)i
: . LOL 2 6 <! JP SRS T
Dynamic range: L0Q 10° to>10 :5}]/ | TR l rv}\.a‘/_\;’\
lowl) | :

Concentration
192
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Example:

An analysis of the calibration data for the determlngfb n of lead based upon its
flame emission spectrum yielded an equation: ¥S =7.12C + 0.312 where C s the
Pb concn in ppm and S is a measure of the relative emission intensity. The
following replicate data were obtained:

No. of

Concn . Mean value Std.

(C), ppm repl;c)‘a;e\ of S dev.
10.0 10~ 11.62 0.15
1.00 10 1.12 0.025 |
0.000 24 0.0296 0.0082 |

Blank just solvent

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 rem

d) LOQ= 10 x Sb/ slope= 10 x 0.0082/1.12 = 0.0732 ppwm



CALIBRATION METHODS

Basis of quantitative analysis is magnitude of measured
property is proportional to concentration of analyte

Intercept
Luall Hlgall 3213 Slope Conc ;\
J I

¢
T — . 7
Signal oc[x] or Sig%al = 1%1[x]+ Signal , ;. I

= Signal —Signal ;. 1
m

| X

dalill 5 glaidl g daaadls Lalas 349290 Sulll (sl 4ol qualitative od9¥/ 8 ghaddl .. (ndghad Lgad Juladill dalas
Sl lesa 9 calibrationy! (s 4aladls as yill Glewad calibration]! Lgas auddicais quantitative

\/:m\(jrb

€ aliptorion Eguretion



CALIBRATION CURVES (WORKING or ANALYTICAL)

Y
S
Dynamic Range
< D>
Instrument
Response[~ LOQ
(Signal)

Signalblal &

LOD

LOL
L Slope m

-

-
.

]




SAMPLE PROBLEM:

EX:-
i 77 ol i

Analyte Concentration (ppm™) Absorbance

© 0.0 (blank) 0.05

G 09 i 0.15

@ 2.0  pemsssipl 0.24

@ 3.1 0.33

© 4l 0.42




g saaalls Lellan 9 Sulll (wudnd reference caaas qualitative g quantitative Lellal (sas g 8ubs (suas L
Balkl caiyld (95 clady 9 dlullas of gl dilins (ol (pudh | gadls 131 S Jlgadls dhany g da kI (po dae s 9 (20
4.\.\.:.) Laydall of urineJbs 3492 g0 Lglia S ol saldf 4 c_d.u.uj qualitative Lgills g reference]! a&o

Lo s g standard solo i (o2 callbratlon equation yaaad quantitative Jal (sas Lewa . (020l
9171 Ll g 3us 3 ST Clel Al aliai g response alisf i jlgalls aglons § 5usiy5 gcs J3YLe 3al530 Jus) )i
4ls LOD LOQ LOLY! § @slkas (las Accuracy! § @l precisionl § zaaswe methodJi 0.88 (o yus| Caalls
calibration methodJ/ cseuad alai

98 U1 YU asd (winlars 3uSI il Gia g blankyl Lgiad (o 9 Jgaadls 2alids Jusi i oiadans dacan s
(sl Slgadl 351,3) gl dylai

(N=5) 5 aduas 3 il daa oLl XJI asd

XYJl9 XX H standard deviationJ! caewas 94 = mx * b dalall YA (o sloped! s (ol J 9/



AL X LI Y

Define Variance and Covariance:

E'nzneem s+ ¥ ~ _>mean K Y
_ 2(x;—X) 22X -X)(y; -Y)
Sxx - SXY -
N -1 N-1

x=2.02 y=0.238

(2027 +1.12% +0.02% +1.08> +2.087) 10828

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

Sxx =

=2.707

S

Xy 4

_ 09562 0.23905

24 7]



(\=Q%

o 2
Sy 0.23905 RS
Slope: m = o —(0.0883 V=wmY b
Sx 2.707 v "
Gaula AYLe dacual jady s ola* < —
b=y - mx 1 X
Intercept: =0.238-(0.0883x2.02)
=0.0596 3\7&]'3?‘_]! o392 interceptl cwwal Gl
. . . . ddulalLs slope !
Calibration exprgssmn s . a
Absorbance=0.0883[Analyte (ppm)]+0.0596

Ls (s qualitative Le g3 Lgdyas ollf Gau,ll Aas casli Y allas 9 Slealls Loy § odasll Lie Sl Sglad HA
quantitative doll/ Culla (5 9Ss cad g 5aS Al ual Glaie Aaladls Y (5920 g quantitative as o3 2

25%



Calibration Techniques

calibration/ juaas g,k

26



Calibration Techniques

Noum V5w SRR 6y
e 1. External Calibration Curve Method

e 2. Standard Additions Method

3. Internal Standard Method

Sendad S\ eeind g V3 D) Ax 2o s
\N,\.ur\q\ =)

27



External Calibration Curve Method

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

2. Most common technique.

3. Facilitates calculation of Figures of Merit.

3890 daaadl (955 UL 48 ylall (LA audlicuy § uiS Gilallatio Lgad Lo g ol Jgul (o2 g externalJl o 4 ybs Jg!
LOQU! §LODUI 5 FJl Lgss caand s § 8538 Cobsasiy

28



External Calibration Curve
Procedure

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

. Plot [analyte] vs. Analytical Signal.

. Use signal for unknown to find [analyte].

external <awl clia Ll calibrationy! juaadis Jao 4l Ls sample]!

29
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Example: Pb in Blood by GFAAS

Sleall dalai
X Y
[Pb] Signal
(ppb) | (MAbs)
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=mC=ztb
m = 5.56 mAbs/ppb

b =0.93 mAbs

polo sl 9 polio) L (951 &350 9 Lo | gayedia oo 85 53 1 Lo
distilled water saLs Lgllal Liad toxic carcinogic compound
WML (saae (oIl olo 4l lo wals § GL (suas @JJI daaladl oL
(o 9 1000ppm (ME/L) o (nas S yia STOCK agris pdas 9 gud
standard agracuio § ddlise s/ i dilution 8adas Jass stock!
soé%tions



Sl dglavical

mAbs

35

30

25 |

20 1

15

10

floee

y = 5.56x + 0.93
ANSr— e

\>

... PLOD LOQ accuracy/ «.
41131 oSUI olis

X

2 3 4

Pb Concentration (ppb)
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Calculate 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 Sb/m =3 x 0.36 mAbs / 5.56 mAbs/ppb

LOD = 0.2 ppb

32



Find the LOL for Pb

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

S op =5.56 x0.2 +0.93 = 2.0 mAbs

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

483 0.88 (30 5SI OIS 131 8 Pagio sual 9 X,Y wdls 3uS 5 Jasl Lo JS 4 &y J gl . LOLJS wobuuad (il o (o
JAls o 335500 (1953 §0.88 (30 J3I (oo allas Ls uad Pswal § 5l 5 dadl oilas 9 method ) aaiil
PJl 84 suis referencedls LOL Sy (el ()9S oLl 94 dlid (oLl s ,ill g LOLY
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Find the LOL for Pb

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

Suppose a standard containing 18.5 ppb gives rise
daladls

to s signal of (Y practical= 98.52 mAbS) ypracticalJ
Vihesritioald
This is approximately 5% below the expected value

of (Y theoretical=103.71 mAbs)

(18.50 ppb , 98.52 mAbs)

@20 &l 9 alai als 100ppm J 1ppm (3o (saas zall s g calibration]) cuesas 9 XY (saas' b ) danlidf a3y yhall
9 Ytheoritical (s 8,41 GLs 13/ .. Ypratical allas 9 Hlgadls 5us ill ula lasss 7 9,18 120 S 5 theoritically
LOLUI 82 dlad (olll S yill ()9S g dBay dlalas (1Say ¥ S il (953 %5 (3o yas) Ypractical

34



Standard Addition Method
Reduce matrix effect

Sl aad\ GLOM s mavwiy
:standardJ/ aladdiesl b gyl

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

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

water culs Lgiaal ol daasdf externalJl Laaas urine or plasma () 9sis Lasals ol dassll gana
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Standard Addition Procedure

1. 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.

2. Prepare a plot of Analytical Signal versus:
a) volume of standard solution added, or
b) concentration of analyte added.
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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).

4. The standard addition method assumes:
a) the curve is linear over the concentration range
b) the y-intercept of a calibration curve would be O
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Calculation of standard addition

Cx= bCS/mVx
= b. Where:

Cx and Vx = the concentration and the volume of
Volumse of standard added unknown

Cs and Vs = the concentration and the volume of
added standard
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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
2Ll volumetric flaskJ/ aaa

SN a2 sglial
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Nodk =11\ ppm (M3 /L,B

Fq/L \%‘ Ja %‘3
\ Scandash \ \ |
Intercept urne o) v\ \
Ps\ot\ ‘:6‘ om\ sm \0 N\
X %
Cx = bCs [ VK = votume & Sawmple  Uiied N > *s
& W\ L \0
ity s B 5065 Slope 56.‘““\@ 10 m\ 10 m\ 10 m\

pure urineJb 50 H aaadl Jass 9 10ml Ll (po dals dasd uals g stock sl ) Lo (o oY) Ll

aaadl Ja<y 9 10ml e J<I a0 Gaas Ciuay Laldl Laig 10mI &L § 5mI csid 2Ll Lagall

50miIH agels

xJI 9 Jhgadl Sladicul @A YU . XY Lawuy aayl § dailas 43,9 uAS (03 (o gYI A phall ¢ 58 i) Glewad (il s (08
- X1 X2 x3 aaadl o

sample Luaadl daas (o daladical il Jds s XJI 23e s S92 y1!
Y Gladicdfl oo gl aaa (ol aaMealls (oIl (6 bLRAI JSu pas Jad acuys OLL aylle Oilaglalf qasf Lo axs

purews volumeJl Joss g o2l volumetric flask 50mics 2 9 6.08ml aaadl stockJl (0 vy T 9529 -6.08
T 9l (s (5L Ay plall Haaall (5les GSHUI 38 55 Lol (k) By S, 5uS 55 g urine

3 ypilso Balas Cx = \oCs/m\f)c daladf (pe (maza g calibration dalas gllais X,y (0 40 Lasainl 7y ol 43y skl



Signal (V)

1.2 1

Volume of standard added (mL)

25
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[Fe] ="
e soiSl Loy I iyl lganaic

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.

Maly correct for certain types of noise.

qualityJLs J3s 4l Ls g quantity/ ,udil 2liag a calibrationJ/ *
calibrationJb culau Ls § 5 ydiles (bl jleas Leilas § aa,ll e & uaa external -

calibrationJ/ jaaas o8 (aa b e Ceudiivgf standardJ! -
internal dulll gacws § Al ole (5, Sule 0ds internal ! -

42



lad 5 Y «=>! W biological fluidJ! g/ biological system JbL dola dscia Ladaas (o< Gilas lf oy (o8
(ulaicyl) spectraJl (is<is .. polo i usdl a3 9 uaa L urine e das sil W G ., e palic 5l 43l sal) @l yal
el dlle Lcls

A

el () 9siy g Jshalo Lgad Lo smooth () esis matrixJ/ () 9as dadadall daall

P

S A9 (ol Al Al o dagd ¢ Lellal (sus (oLl daanll ole sticked 433Ls () <ia matrixJ) (po dacus daf AUl
Lg2o (o 9 Ledlad sample (i Y dulle Undldl & (4S5 £ dadl duladiel Ll oSal g matrixJ) g b Lo
internal standard method o oLl GGl 48 yalle aabs Uladl sl o8 ¢ matrix




.

>(¢°
\\
(Q Ll 9 sl ube waLs 9 « matrixyl dsiin Jal Glas

oh ock somole ol Lus Gual 131 MWas ¢ analyte H pailasddl (uds

iy P . e o e 4,8 4l physical ?ropert.ies“dl Ay pulad das waly

\oOoQPM Ye Y &3 Yy 95 ¢ uaL@‘,Jl J.I.al I8 uuLA.\J' W.\.}j uaLoA\,J' E;ro |.\;

) T Pyl

I Qb oL & b surinedbs polo) o 3)las o Ul il Lae pdan

in gulaall stock 9 pure urinew ol U stock yaan

Poux ZS ‘,2:; o | 60| & | = -~ »aal zysolutionsyl Jgaa (s g pure urine
- - m - .- m 3 u - -

G & o oo oo | oo [ves ... _. O aaliss volumetrics 7 Js¥Ls salLs g calibration

Shok ePm | pem | ePe [ PEM | g stock/!

S8 Ods (¢4 g Volume cds standard b

“““““

Criabe 4 (obis yUl dalaieul § ulaill daladicul .. peaks 2 Lse JSI 1,3 7, Jhgadl 9 Hhgall aglauns Gaany

Ypb / Yeu awds daae J<I g daslls (uagage

Signal
X calibrationJ! 3 agas g intercept]l g slope ! s X,YJI (3o
P Y &los ags 9 3 &l
pPpm
(em) | Pb | Cu L PBOU | o s (o ppm 100 duaS cisds § odapkl dias wils ( 55kad Al
20 112 1347 0.083 Ypb /Ycu awidsd peaks 2 gllon 7) 9d 5 9 jlgall iy g 45,
40 243 1527 0.159 Ll (a3 (oLl ol pll 1S 35 (o8 XJI 9 Y aad (oo allal (ludic
60 326 1383 0.236
80 355 1135 0.313
100 558 1440 0.388




2.

Internal Standard Procedure

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.

Prepare a plot of SA/SB versus [A].

3. External calibration equation
SA/SB=mC+b 4



Notes

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

Species A & B must not produce signals
thaft interfere with each other. Usually they
are| separated by wavelength or time.
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Example: Pb by ICP Emission

Each Pb solution contains

100 ppm Cu.
Signal
X
i |,
(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

Sl Y 8 icas o Al a3 PPM 100 agls
Hils Aasd plany ) Glio



ICP Emission Signal (mV)

1600 A
Cu

1200 A

800 A1
Pb

400 -
. I J\
216.0 216.5 217.0

Wavelength (nm)

217.5
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Pb Emission Signal

0.450

0.400 1

0.350 1

0.300 |

0.250 1

0.200 |

0.150 1

0.100 1

0.050 |

0.000

Internal Standard Correction

SPb /SCu = 0.0038x +
0.0066 R* =1

20 40 60 80 100
[Pb] (ppm)

120
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Results for an unknown sample after adding

WAl gl 5 il
Olis agdl meany/
Ball aa’

100 ppm Cu
Signal
Run Pb Cu Pb/Cu
1 346 1426 0.243
2 297 1229 0.242
3 328 1366 0.240
4 331 1371 0.241
5 324 1356 0239
/\
mean 325]  1350] (_0.241]kwu sis oin
Smeanyl aal
8 {_ calibratﬁe;:j:
0.241 =0.0038 X + (.0066

X=61.684 ppm of Pb

48



Another way for Internal Standard method
calculation Bl 33y |

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

standard containing the analyte and the internal standard and

. . dad Jl gl oaslang
use it to determine the value of K. o 9&1;%51&3@ Sanls

internal standardJl jas 5 unkown ! daladicl
<l : ,
K= C) X(SA)
\ .C‘Aﬁ- d \ Sls ! std
unknownJ/ s i internal standard )/ dlasiol

 Wherel, CA 1s the|standard concentration of the analyte, SA
instrunent responge of analyte, CIS, and SIS the are the

concefmtration and the response of internal added compound ,

respe ively. 98 |l internalyl jas 5 wAl 3 Hﬁ,m ol solutions H KJI gllas il J 9
il @ @ e 9 60ppm Mas Pbyl asd (40 dad waly 9 Jgadl YA (40 100ppm

o O saxa 9 KU waAls Gaass (ulaaldl daladicul (ole 4o guudo 601 528 il (olis |

Calls ol K 2asd (5923 9 100ppm 84 LI ISJI 33S 5 4S 923 9 unknownH 3,41 sLa

ISJI daladicsl g unknownl dladicsl o922 § olaf (saa unknownyl s yi § (o0




A sixth spectroghotomctric 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 Cu?* yields a ratio of (54/Sig).q of 2.37. A sample of
blood is spiked with the same concentration of Cu?t, giving a signal ratio,

(S A/SIS)samp’ of 1.80. Determine the concentration of Pb%* in the sample
of blood.

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

C - 1.75 ppb Pb*" ppb Pb**

Als

Kz(&) x(i) _2.25ppbCu ) o ppbCu’
td / std

IS

The concentration of Pb2+, therefore, is I

C :gx(i) _ 2.25 ppb Cu™
A 2+
K w305 ppb Cu

ppb Pb**

xX1.80 = l.f’)_’)ppru2+

IS,



