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M I N D M AP Relationship between absorbance and concentration
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Description < Relationship to path length

Relationship to molar absorptivity

Formula < A=glc

Beer-Lambert Law <

A (Absorbance)

& (Molar Absorptivity) >

Components (Variables) <

| (Path Length) >

¢ (Concentration) >
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Laws Governing Light Absorption

There are two laws which govern the absorption of light by the molecules.

These are: 1. Beer’s law, 2. Lambert’s Law

Reflection and
interference losses

Incident
beam |,

Absorption of light by
Particles / Molecules
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Emergent beam |,
with lower intensity

—— Scattering losses
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Why Beer’s Lambert’s Law? INSTY T

Quantifies light absorption by a substance to determine its concentration.

Sample Solution

T =
B
Incident Light (lo Concentration (c) _ Transmitted Light |
|

Path Length (b)

A = Absabrance (unitless) J [ € = Molar Assor (L mol-! cm™)
€ = Molar Assorpitivity e ’ b Path Length (cm) ’

*{ ¢ = Concentration (mol L'

08-11-2025 IMA | BEER'S LAMBERT'S LAW | DURGADEVI G | AP | SNSCPHS |




Absorbance and Transmittance T

»Absorbance (A): A= -log T = log(lo/1})
» Transmittance (T): T = I/Io (I: = transmitted light intensity, Io = initial light intensity)

Beer-Lambert Law ) S£R SuivnceFachs o

Incident Light (1 )
- Transmitted Light (1)
) .
e > o
i
>
— e e
> -
>
Solution Cuvette
A | A :Absorbance ¢ :Molar concentration
= e :Molar absorptivity | :Optical path length
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Beer's Law: Absorption vs. Concentration B oy

Intensity decrease proportional to concentration (c) and incident intensity (lo)

Rate of intensity loss:

-dI/l = K c dx
(K = constant, ¢ = concentration, x = distance)

Integrate from Io (c = 0) to I; (c = ¢): %

J(-dI/my = [K ¢ dx §
Result: =

-[InL-In]=Kc— In(Io/I;) =K ¢
Convert: 0 ————— . -
450 500 550 600

I, = Io e"(-KC) Wavelength (nm)
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Lambert's Law: Absorption vs. Path Length ,,,,s D

Intensity decrease proportional to path length (t) and incident intensity (Io)

Rate of intensity loss: LAMBERT’S LAW

-dI/1 = K dt (K = constant, t = path length) Absorbance vs. Path Length
Integrate from Io (t =0) to I (t=1t):
J(-di/my =K dt

Incident Light (I,

Result:
-[InL-In]=Kt— In(l/I;) =K t
Convert:
I = To e™(-Kt)

| : —— e e
Low Absorance (A, Medium (A, High Absorance (A,)

08-11-2025 IMA | BEER'S LAMBERT'S LAW | DURGADEVI G | AP | SNSCPHS |



Combining Beer's and Lambert's Laws B

Combined Form:
It = Jo e/\(' KCt)
(combining Beer's I; = Io ¢"(-KC) and Lambert's I; = Io e"(-Kt))

Base-10 Form: , l
0
log(Io/I;) = a ¢ t (a = extinction coefficient = K/2.303) _—’ —
Absorbance: ce 5
A=log(lo/l)=€cCt —
(e = molar absorptivity, ¢ = concentration in mol/L, t = path length in cm)
Alternative:

A =E% x (c/100) x t

(E% = absorbance of 1% w/v solution, t =1 cm)
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Deviations from Beer's-Lambert's Law

1. Chemical Deviations (High Concentation)

Low Concentation High Concentation

=

—

Inci Transmitted ¢ '
S;Lcite(r:t heressad Light (. 1 !Vlolecul.ar
0 Concentation interactions cha
the substance's
ability to
absorb light

Linear Absorbance: Non-Linar Absorbance;
A = ebc Dimerization changes €
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Deviations from Beer's-Lambert's Law

LTy rions

2. Instrumental Deviations

: : ) _ Very Intense
Incident Light (1, o\ Stray Light Incident Light

Stray light (impurities in instrument) Detector overwleched by too much
reaches detector, causing a falsely low light, cannot measure accuratly, causing
absorbance reading. falsely low absorbance reading.
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Applications of Beer's-Lambert's Law

Food & Beverages Quality Control

Biochenstiry Pharmatuaticals

Environmental Monitoring
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Summary

L rI T rioms

1. DEFINITION & DERIVATION 2. KEY RELATIONSHIP

» Combines Beer's Law (| decreses with ¢) + * A < c (Directly proporinal to Concentration)
Lambert's Law (| decreaes with b) « A < b (Directly poponnal to Path Length)

* Final Form: |; e e~&bc) - A = log(10, Valid for: Monochshatiic Light, Dilute Solutions
log(10,/I}) = €be

A = Abssbrance

A = €bc

€ =Molar A b = Path length
Molar absorptivity

A=log"(I,— 1)
Concentration

3. DEVIATIONS FROM LINEARITY

L
®
Chemical:

Dimerization, reactions, Polychopriac light,
reactions at high ¢ scattering/tubridity
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INSTIDIPTE

Assessment: MCQ

1. Which graph should be linear if Beer-Lambert Law is obeyed?
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1. Which graph should be linear if Beer-Lambert Law is obeyed?

Abssshemce (%)

A) Absorbance vs. Wavelength

B) Transtntance vs. Concentration
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LT Tions

Assessment: MCQ

2. The unit of molar absorptivity (€) is
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2. The unit of molar absorptivity (€) is

A)cm’

B) L mol' cm’

-L-‘_:)‘

N
Molar — Solution
Absorplvity 1 Concetration
I
i —
S 1em
D) cm
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Assessment: MCQ

3. A solution shows positive deviation from Beer-Lambert Law at high concentration.
This is most likely due to:
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3. A solution shows positive deviation from Beer-Lambert Law at high concentration. rirmon:
This is most likely due to:

A) Dimerization Solution B) Change in Refrative Index
High Concentation
‘\ ‘ Dimerization ‘ Incident Light ‘
“— ’ S~
©
A % 2
DR b 5
E &
° SV aE e i
~ <.v£ Incident Light Posit - Devistion
C) Change in Refrative Index D) Polychcormatic Light
‘ lonization O. & N
] Increasing g
1 | g Polyc) i
B¢ Srren iy =t e
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: St s s\
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E . \ /
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; £\ |
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--w

Concentation
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