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Direct Laser Absorption Spectroscopy

Beer-Lambert’s Law of Linear Absorption

I (n ) = I 0 e -a ( n ) Pa L

L

a(n) - absorption coefficient [cm-1 atm-1]; L – path length [cm]

n - frequency [cm-1]; Pa- partial pressure [atm]

Absorber

Gas, Liquid or Solid

Laser Source DetectorI0 I

C - total number of molecules of absorbing gas/atm/cm3 [molecule·cm-3 ·atm1]

S - molecular line intensity [cm ·molecule-1]

g(n- n0) - normalized lineshape function [cm], (Gaussian, Lorentzian, Voigt)

I(n)

a(n)

n

a(n) = C . S(T) . g(n - n0)



9/9/2019 11

EXPERIMENTAL SETUP
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Target Gases – 1 

Molecule Formula
Trace 

Concentration 
in Breath (ppb)

Biological/Pathology Indication

Nitric Oxide NO 6 - 100 Inflammatory and immune 
responses (e.g., asthma) and 
vascular smooth muscle 
response Carbon 

Monoxide
CO 400 - 3000 Smoking response, CO poisoning, 

vascular smooth muscle response, 
platelet aggregation

Hydrogen 
Peroxide

H2O2 1 - 5 Airway Inflammation,
Oxidative stress

Carbonyl Sulfide OCS 100 – 1000 Liver disease and acute allograft 
rejection in lung transplant recipients

Formaldehyde HCHO 400 - 1500 Cancerous tumors, breast cancer
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Molecule Formula

Trace 

Concentration 

in Breath (ppb)

Biological/

Pathology Indication

Pentane CH3(CH2)3C

H3

4 - 20 Lipid peroxidation, oxidative stress 

associated with inflammatory diseases, 

immune responses, transplant rejection, 

breast and lung cancer

Ethane C2H6 3 - 100 Lipid peroxidation and oxidative stress

Carbon 

Dioxide 

isotope ratio

13CO2/
12CO2 4 - 5 x 105 Marker for Helicobacter pylori infection 

associated with peptic ulcers and gastric 

cancer, drug clearances rates

Methane CH4 1000 - 8000 Digestive function, colonic 

fermentation

Ammonia NH3 100 - 500 Hepatic encephalopathy, liver cirrhosis, 

fasting response

Acetone C3H6O 1000 - 5000 Fasting response, diabetes mellitus 

response, ketosis
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Example Scan for Exhaled Breath-
Detection of Asthma and Respiratory Problems
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Rice System 2002
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New Circuit Board 2008
with Stephen So

Design at Rice for handheld spectrometer
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