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- Spectrophotometry
- Atomic absorption spectrophotometry
- Flame emission photometry
- Fluorometry
- Fluorescence polarization spectrophotometry
- Nephelometry
- Turbidimetry
- Chemiluminescence

- Electrochemiluminescence
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M1 N2 Colors and Complementary colors

Wavelength Color absorbed Complementary color
380-435 violet yellow-green
435-480 blue yellow
480-490 greenish-blue orange
490-500 blue-green red
500-560 green purple
560-580 yellow-green violet
580-595 yellow blue
595-650 orange green-blue
650-780 red blue-green
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Absorption spectrophotometry
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A = -logl/l,

A=-logT=log 1/T

A =log 1x100/ T x100 =log 100/%T
=log 100 —log %T

A =2-log %T

BEER-LAMBERT LAW
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SPECTROPHOTOMETER

Single beam spectrophotometer
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1. Light source

2. Monochromator



3. Cuvette holder

4. Detector

5. Meter
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Light Entrance  Monochromator Exit Cuvet Detector Meter
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2. Phototube (JunaoagaayIn 1 n18lull cathode 11ag anode 18 cathode 111910 light
.. A~ o Y A A 3
sensitive metal WONLHINTENY cathode N1 electron wq@aaﬂmuagmaauﬂﬂ anode 91NUY
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3. Photomultiplier tube tHurasaudIgnma n1eludl cathode, dynode, 1182 anode 1o
~ 0o q v o q¥ 2 2 o
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Double-beam spectrophotometer
Double beam spectrophotometer H30 spectrophotometer yUAR I \1@: ivoAnoaIngoia
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33 muu?ﬁdmmﬂumﬁ scan 911 absorbance ﬂlﬂﬁﬁﬁ‘ﬁﬂ’ﬂilm’mﬁu@nﬂ‘”]ﬂu Qﬂﬂimﬂfﬁﬂ single
beam spectrophotometer 1NSUBNE LA reference beam LAz sample beam M1 a1usa correct
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nsaANUINYe I auasuulas nseq spectrophotometer FUANLAIR U 2 YUAND® double beam-

in- space 181¢ double beam- in- time spectrophotometer
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Entrance  Monochromators Exit
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Light Entrance  Monochromator

source slit

Cuvets  Detectors Meter
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1
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I 1 Reference :
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Exit \ 1
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3 1/# 6 Double-beam spectrophotometer, (A) double-beam in space (B) double-beam in time

Wavelength calibration
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1. Aoy lamp 11U mercury lamp U5v1judonaniue1dnauasatui lamp lduasldun

[ 4 v
313, 365, 405, 436, 546 nm WINTUAIWINTZNUN detector VAT YA IVUAATULTAIIIANUEIINAY

F4
2 %

Ao A A v
NAINAAUATOIYNAD

2. it rare earth filter )% holmium oxide (241,279,287, 333, 361, 418, 452, 536, 636 nm),

didymium (573, 586, 685, 741, 803 nm) U3 vijudenanueAIULAL IAAIMIgANA LA

maximum absorption A54NUNRMUANT © 3

3. 149 solution V04 stable chromogen e.g., cobalt ammonium sulfate (A, =512 nm), methyl

o [ =1 o 9
orange (A =460 nm) MFURAINVUD 2

max
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Linearity
A A Y 9 A 4? A Y @ 4
TunsunNaANUAVIURLTY 1AT 09 spectrophotometer B ADIA1UTTDIN absorbance 4
A g < o 1 @ 0 ' .
minvuudagiuiu msnaaoy linearity 11114 1ag (F091991502018 19U cobalt ammonium
4
sulfate, copper sulfate (650 nm), oxyhemoglobin (415 nm) JAf1 absorbance  AUU plot TTHI

1] { I
Absorbance iU aANuEUTY  n3a ldvzdeatluduasa

Stray light

MINATOU stray light ¥1'1& Tael% stray light filter e.g. blue filter (350 nm) 9z@ANAUIAS
visible @aiflas stray light w30 red filter QANAULAIIUFIN 650- 800 nm dield filter aalusoald
cuvette 9240 TN detector UBNMING 01 T13AM e.g., 50 @/L sodium nitrite

(300 — 385 nm), acetone (250 — 320 nm)

Photometric accuracy
I a 1 o . {
iWumsdsziiiuanugndewesn absorbance 118 1ag 19 neutral density glass filter 1
U A 1 [] 1 U U d' Y 1Y d' o A [] A 9
nywmmsganauuesldasliTugoald cuvette 1umn IdNasan AT MUanTe T ni01d
1302018 potassium dichromate N9 wseuasazanein lden potassium dichromate (analytical

grade) NYUHAN 110 C W11 1 42113 1NN potassium dichromate aza181u 0.005 M sulfuric

acid EsaLaTUTU 0.0500 /L 11 350 nm 92 3A1 absorbance = 0.536 + 0.005 A1FAABYUTU

0.1000 g/L 1 350 nm 923A1 absorbance =1.071 + 0.011

Interferences

Tumsnsiaialasld spectrophotometer 8193MFTUAIUIINENTOUY UOAMTIONAATN
Y o 1 A < A A aa Ao A A .
ARAMIIAAIMIganaULa lumsnudideasremaniinatinelaiiymneiiniizhemolysis,

v

lipemia, icterus 1 1H3UNIUMIATIVIAAI]

Hemolyzed serum: 3 hemoglobin #45UN1UM53A absorbance TuU19MINATDUIFY
FUNIUNTTATI total protein (Ay,,)

Lipemic serum: serum ﬁﬁﬂymmju (turbid) 11199910% VLDL a9 JUNIUNITIA absorbance
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1. Bichromatic measurement: Jafinnue1anau 2 anwenanaunseuiu dalugl viniiu
o ' A Y dy A [ wa A o Y (Y Y
AWM A1 absorbance NYNADY HONIINTIATEITA TUITALIUATDITINTDIANS DU IAKATY

ANUBINAU (polychromatic measurement)

A — —

= . .
3 117 Bichromatic measurement

Y
2. M3%1 sample blank %118 Iaonera sample Tutienda lish lvinalfnsomSenauiy

[

diluent 1% normal saline 111 sample blank 119@ absorbance 11 21iNaVBDNIAAT absorbance iR

1aneumsit sample blank

S @ { 1 @ 4 '
3. Kinetic measurement L‘}Jumim absorbance ﬁnmmﬁﬂu Lﬁﬂﬂﬂ”lﬂﬁf)')']ﬁﬁ']iiﬂﬂ')u‘ﬂ"lﬁ

Y
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Aa o Aaaa Y3 J A9 o = v o yy
GHH@“VIT}Jaﬂﬁﬂﬂﬂ!ﬁﬁﬂ'ﬂfﬁﬁ‘Vlﬁ'ﬂx‘lﬂqﬁﬁﬁ'ﬁnﬂ !!a31]@1155Uﬂﬁuﬂ?ﬁﬁﬁﬂ?ﬂgﬂﬁfﬂ%ﬂﬂﬂﬂﬁ? ANU

Judendrnmnmingauluminsinia mMsIauuy kinetic measurement 1130 rate assay 3
:/' o o a aaa o Yy 9 Y
absorbance 2 134 ﬂ?u’)mﬁ?ﬂ@ﬁ?ﬂ'ﬁlﬂﬂﬂgﬂim (AA) mmmmmmmmuiﬂﬂ%qm
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Cu
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4. Dilution L“ﬁﬂm\m’mﬁﬂﬂﬂﬂu‘ﬂ”Iﬂ"li’)l,ﬂﬁ%ﬁ

.

. o Y o A . = A @
5. Allen correction 11114 Iagia primary wavelength (A ) 1ag9n 2 ANeINAU @Nz‘ﬂ“ﬂ

' v
= 9

8 MUIUAINIYANAULAINGNABIATT

U

A(corrected) = A, )~ (A, tA,)/2

:"._'i
ol
o
@ 2
= &
2 2
= o
'."_.'-
= E
= O
o0 =
280 G300 320
Wavelangth (nm)
= .
3 U 8 Allen correction

REFLECTANCE SPECTROPHOTOMETRY
HWANMSI 1A% A monochromatic light NTEND strip %30 slide Nl chromophore L& ad Ugn
absorb ‘UNﬁ"Juﬁ?ﬁﬂu (reflect) Ul‘ﬂﬂﬁgﬂ‘ﬂ detector ’iﬂﬂﬁiulﬁuﬂlﬂﬂllﬁd NAUUATUIUIN ANV

Y 9
FNUUYDIANTT

d1u1l52NOVVDA reflectance spectrophotometer LLETH ﬂugﬂﬁ 9
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3 1/# 9 Reflectance spectrophotometer. 1 = light source, 2= slit, 3 = filter, 4 = collimating lens, 5 = test surface,

6= collimating lens, 7 =detector, 8 = meter

FLAME EMISSION SPECTROPHOTOMETRY

Y v ) ' { o a ¢ o ) o q¥ .
Hanm3 1HANUToULNDZADNURITINNIINTAATIZH WAINUANUTOUN 11 orbital electron
= d' . &£ g A1 oa v & = v
naguaning 1 excited state Fuiluanmezi lumdes @iy electron 39naUF ground state

wiounulasswdsnuesninlugilvesuas (emitted light)

Alte — A’
A’ +heat ———> A*
Ax — A’ + light
@1152noVUved Flame photometer
I Atomizer  mi1iiAa sample Tugilagzoosdondig flame
2. Flame Thanufeusildezaouogludn1ig excited state
3. Monochromator T detect iasiinlasoonun Hanfins14 filter nonfud 1mies
AR A
4. Detector Hewly photomultiplier tube

5. Meter or Readout UWEAINANTITANTID
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ATOMIC ABSORPTION SPECTROPHOTOMETRY
Hanms Thanufeusildezaouagluaniig ground state atom 119910 hollow cathode
lamp H1U17 flame AN absorb Tagozaon  waaunad Ui liign absord W11 1171 detector
) = S o 1o v 9 A o o
ANNUNUDIULTINGD absorb W UFAFIUAVANUINTUVBIEITNNINTATIVIA
o 4
Absorption spectrum VDI0ZADUUANHUE line spectrum 52 Towivo 3 atomic absorption
B @ . .
spectrophotometerclﬁlfclu N1IANTIVIA calcium, magnesium, lead, mercury
U
auilsznou
I~ 1 o A . . !
1. Hollow cathode lamp Aunvasnuiauas (Light source) msflumﬁ%q inert gas 1aun
. A o Ay Ay A q9 Vo @ !
Helium ¥13® Argon U7 cathode naoUAIe areNA0IN A WelnaNua1eAndsz1ig
F4

electrode 11194 electron 11/¥UMY inert gas INA ionized gas 1MUY ionized gas FUNVDLADUUDI
Tanei cathode 1114 electron 1asuaniuz 11/f excited state 140 electron ﬂé”‘uq' ground state DEAY

Yaosndesauesni 1ugi emitted light
A'—> A — A’ + light

2. Chopper v Ada-Ua 19910 lamp 1N AA13N50 correct FVY04 flame 16
. o Y A ]
3. Atomizer My NRANUBzABN U az0R DY
Y Y U o Y '
4. Flame Tvianuseuunazaai i liozaoned luan1iz ground state
o 9 da da 4 .
5. Monochromator HUNNAOAULAINNANVEIIAAUT UNIY
6. Detector A5 IAUAINAIUOONLIIN flame

7. Meter LLE@RINANITIA

= --—c-—\——7-—C3-—F-———>

Hollow cathode Chopper Flame Entrance MCGNOChromator Exit Deatecior
sht shit

3 1 10 Atomic absorption spectrophotometer
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Flameless Atomic Absorption Spectrophotometry
a A o q VY P
11 atomic absorption spectrophotometer ¥UAU sample %Qﬂ‘l/lﬂﬁi oU 1 closed chamber 7
= A . 3 J 9 Y o 9 9 < Y
1 carbon rod, tantalum, %39 platinum Huunaslnanuseu 114 sample 19 tagnaiedlum
nazeglugilezaou Taena 11 Sensitivity Y99 Flameless Atomic Absorption Spectrophotometry g4

' a a 4 a
771 Flame Atomic Absorption Spectrophotometry 1114 lums Insiziansdlsmnaioes

FLUOROMETRY

#anms Tuanave a5l Fluorophore 185 unasaunes 8119 orbital electron 1914 excited state
= 1A A . v 1 = ' o . . o
9'liiedos 110 orbital electron NAUEY ground state M3 laosnasnulugilemitted light Janu
v A [ & I o Y Yy 9

Wnveasnlasesnin Fuiludad i uanuduIUY a1
auilsznou

1. Light source Houly Mercury, xenon arc lamp 130 laser

. Y. A . A A A g L. .

2. Primary monochromator 1% Prism #1350 grating IWoLQADNLLE il u excitation light

3. Cuvette holder
o Y A A A o A U
4. Secondary monochromator fHINAAOALEAIANVEIATUT NI 30NN

5. Detector

6. Readout or meter

Excitation slit
: |
) First monochromator | T
Light
SCHArGH —_— Emissson siit
Second
monochrmmalns
| i L1 Ml“l.ll"lg
Destacior '/ J davioa
o ~
-

Cal
=i
=b.
—
—

Spectrofluorometer
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odefiinane fluorescence
. = Yy Y Y A °
1. Concentration A3 UANUANTUTIOY / MIYANAULLTIA
2. pH finasolszguesas MldmsiSowaaldonnlag
3. Temperature 1HoguHNge TwanmzyuiuiildmsSeudsanas
. . A o Y A A
4. Viscosity — ANUMHAgIMIIMMsiTo e aiy

5. Interfering substance (quencher) MlmIiSeasanas

FLUORESCENCE POLARIZATION SPECTROPHOTOMETRY

wianms uaslaeialindeud lUnnfiennms Polarizer i lffua il plane ifeafuisonda
polarized light 1@ polarized light n3ZA uiﬁ’Tumqaﬁﬁ fluorophore (30414 1IN Tuianadivig
Glmj%ﬁmﬁmﬁ'auﬁ%”l wasiidsee nunezifiuaiia polarized light Tuanawnadn ndeuIE)
waraidseenun laiiflu polarized light

Fluorescence polarization (P) %11 1annaums

, v N '
11D 1, = NUUNUD fluorescence Tutunag (vertical plane)
9 .
I, = ANUUNUDY fluorescence Tunuiueu (horizontal plane)
; . . Y [
d1u1l52nOVYD fluorescence polarization spectrophotometer A0 181U spectrofluorometer

naz polarizer ® éﬁﬁﬁ primary monochromator 401 £BNAINT0 giﬁﬁﬂ secondary monochromator
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—[

2272 »
OB

3 19 12 Fluorescence polarization spectrophotometer (ExM = exitation monochromator, P =

polarizer, EmM = emission monochromator, D = detector)

Time-Delayed Fluorescence Spectrophotometry

Time-Delayed Fluorescence Spectrophotometry %30019i30n71 Time-resolved fluorescence
spectrophotometry L‘ﬂumﬂﬁﬂﬁﬁlﬂmiﬁﬂﬂuﬁ 3904 long-lived fluorophore 1#1tA lanthanide (La3+ )
%30 europium (Eu’") “ﬁﬁl‘ﬂuﬁﬁﬁiﬁ{uﬁﬁ fluorescence 111N 100 microsecond 11N15IA
fluorescence 3 In Taa 14l delay time 'izﬂzwﬁagﬁaiﬁ’miﬁmuawm short-lived fluorophore
yiua 1) 1915911329981 400-800 microsecond MATIATIFITAAMFFUNILNNTT interference

3 A A
waz UM specificity

Long-lived
fluorescence
¢

Short-lived
fluorescence

Fluorescence intensity

o Delaytme  4pg Countingtime ggog 1000
Time, ps

3 1# 12 Fluorescence Y04 short-lived fluorophore i long-lived fluorophore



19

CHEMILUMINESCENCE PHOTOMETRY
Chemiluminescence ﬁmﬂﬁﬂ manlasuaaiio electron NAVINANIIG excited state i,j:
d' = d' d’ a aAan = = 1
anie ground state NN electron umﬁgﬂaﬂuﬁmuzmmmﬂm@ﬂg NIYUAY T@amimﬂuﬂqu
1 Y
luminol, isoluminol, acridinium ester, luciferin Lﬁﬂgﬂ oxidized dzimMsnlaana anAYY
. . = aaa dd’ Y d' a a 9 1 A
Bioluminescence il EJ‘EN‘}JQ ﬂﬁEﬂLﬂu%iﬁ!lﬁﬁ%!ﬂﬂﬁih‘ﬁﬁﬁﬂ‘mﬁ hlﬂ!!ﬂ NITLTDILAIVDY
A g
1oy
v 1 aaa . . Y 1 (aaa . . .
AU Q‘]Jg NJ81 chemiluminescence hlm!ﬂ ‘ﬂ;]ﬂi&n oxidation U84 luminol

peroxidase

2 H,0, + Luminol + enhancer —— Oxidized luminol + 2H,0 + light

Glslaflﬂﬁ 1381 chemiluminescence I UMANA immunoassay Tas@anain Antigen e Antibody

Y . .
£178 enzyme %30 @15 chemiluminescence

ELECTROCHEMILUMINESCENCE

I 1
Electrochemiluminescence (ECL) Wunsulaaasued electrochemical intermediate A

electrode 1n87 cathode 923N oxidation Y04 Ruthenium-tris (bipyridyl) 2+
Ru-tris(bipyridyl) ——— ¢ + Ru-tris(bipyridyl)”"

i Anode ﬁﬂﬁﬁ?mgﬁﬂﬁuﬁqﬁ

Tripropylamine(TPA) ————»¢ + TPA~ — TPA' +H'
AU TPA 929111 NTe110 Ru-tris(bipyridyl)”

Ru—tris(bipyridyl)3+ + TPA" — Excited Ru—tris(bipyridyl)3+

Excited Ru-tris(bipyridyl) “— Ru-tris(bipyridyl)’ + light

ECL 191u immunoassay, nucleic acid assay Y0Av94 ECL A0 sensitivity g3 mMuInia

a5UTinaeeq 18 3 detection limit 200 fmol/L
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TURBIDIMETRY & NEPHELOMETRY
udansznueymai Iiinamsnszoue (light scattering) FIa11150 Detect 13 100
turbidimeter (detector 8¢ 1UUARAGINY light source) 130 nephelometer (detector 198NV

light source)

Interaction of Light with Particles

Small particles
— Light scattered symmatrically
pust minimally at 90° (Raylaigh)

<3
DUMAVUIALAN
A
e M i U \ U
HEINTZAGA AN U
d <01
Very large pafli-:la»s ,
— Light mostly scatiered forward (Mie) ﬂlgﬂ?ﬂﬂluiﬂclﬁﬂluMWﬂ‘]
dQ@u* o ueranszeda lddhanth
= A
Large paricles
— Light scatterad prefarentially '
torward (Rayieigh-Debys) auMAvIA Ingy
— o uervaulvainsznedaly
’(D " Y 9y ! o
a5e VKU VNFIUNTLIA
-
9 o
aes Tudunda

311 13 HaUBIVUIAVDA particle ¢10 light scattering

A QY L a .

el turbidimetry LD nephelometryclumﬂuﬂ immunoassay TasMs detect 2UYNAVDY
AgAb complex Faa1ul ﬂjﬁ“llum 250-1500 nm Light scatter dau“lmjrﬂmmu Rayleigh-Debye
149 spectrophotometer 1UM 73 detect uaalumatia  turbidimetry

Nephelometry @04141n5 0950 iAY 9190599 IAUVY end point 1130 kinetic



NEPHELOMETER
Ing el bght
Excitation ophics
Sarmpby
cell

Excilation litar

ﬂ, Lghl-scater
ophos ™
;H- - Delector filtor

(a1 = 07 Turbedusesa

|b = 30" Forward-scatbes
el ke Ty

{6} = 80" Haphalpmisien

30 14 d9u1)52no Y0 nephelometer

auilszneu

1. Light source Hou1d quartz halogen, xenon arc lamp, %30 laser

N

Monochromator
3. Cuvette holder
4. Detector
5. Meter
Yod17Ave unNAin Nephelometry

= : a . YA
1. NI antigen excess 91 signal UDINTA

= [} o

2. §iflym matrix effect nA17A0 sample NHANNYURHENITATIVIA AAwaa
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